Environmental Science
A Global Concer.

WILLIAM P. CUNNINGHAM
MARY ANN CUNNINGHAM

v
7
.
Z *




This page intentionally left blank

s most critcal resource, 16
oceans (see oceans)
in photosynthesis, 60-61
policics, 302
prices, 392-
recycling, 392
seable e ppis, 3719
e, 2452
saving, 3
thnagzs b 394350
sates of,
385, 2091
supplics inercasng, 391393
units of water measurement, 374
use of, increasing, 381
water pllution, 396 421. See also Clean Water
Act(1972)
acids and bases,
nlmmphmcdqmumn 08
bacteria, 4
categories of palution, 399
421

indevcioing cowris, 409
mpraing ate Wm, 419
infectious agents, 39

inorganic pollutans, 402, 404
legisltion, 417419

metals, 402, 404

nonmetallic salts,

Jonpoint sources o a1
oceans, 411412

thermal pollution, 406
ypes and effects, 399406
urbanizaton and, 501
e emediion, 416417

water propertcs of

water mm«hauon G

g
water able, 377
04

cold front, 326

weathering, 300-301

e i, 18319

83
mnnm’cmp\
irollng, 191
W istricrat

Clean wm\u ‘and protection of, 419
defined, |

FhlmlAE\c!glml 5,286,288
measuring restoration suceess, 287
pollutd sies, 291-292

reinstating water supplies, 286
restoring, 271-272, 284-200

s waler compartmen, 379

gl g, 258259

m.m (white whales), 211
pestcides in, 358

wheat
dwar, high-yielding, 189

white whales, 2

‘Wilderness Act, 1964, 25
Wilderness Society, 23, S50
wildlife
refuges, 276
world conservation stategy, 263
Wlet, Walter, 18
Wilson, Edward 0.,42, 48,85, 126,229
wind enrgy, 436, 464467
winds, 324
as agent of sil erosion, 20
s caridy, 357-358
rculation patte
oo o0 25
seasonal, 326
wing dams, 285
Wingate, David, 276
Wisconsin
cotainad dikig e n i 411
Point Beach nuclear plan,
savannas in, 278
withdrawal, water 381
Ludwig. 40

wolves, 235, 240
women'srights, 147-148

energy from, 457458
firewood, 204, 249, 250, 356, 457458
forest products, 249-250
fuchvood, 249, 457458
slobalconsumpion, 249

clean water supply,data on, 393
costsof lobal cimate change, 335-336
cconomic growth projections, 575
Extractve Industres Review, 302

farm subsidies, data on, 157
intemational id to developing countris, 530
g, i 135
poverty, data
Cicnking v e g, 501
safe drinking water in developing counirics,
daaon, 399
saniation,data on, 416
Word Commisiongn Enivament a1
Development, 1,575
ol Conmson o e v, 361
world conservation stategy. 263
World Conservation Union, 260
World Dam Commission, 386
World Energy Council, 432, 469
World Health Assernbly, 15
WordHeals Orgmizmion (WHO)

air pnllulmn nnd WHO st sandas,

e Vullnlm it o et from, 360

air pollution i developing countrics.
data on, 347

el ko vt s i,
dia

conceplions, data o, 150

e, el ks of 476

fertilty, dta on,

elobal disease o, dta on, 156161

eart disease, data on, 156

it smion g ver i deeaing

uniries, data o
indoor i polion,datson advere
elfcts of, 356
pesticide poisoning, data on, 211
tobacco and obsiructive lung discase, 361
World Meteorological Organization, 463

anization (WTO)
aenically eninered cops, U, st ve, 191
5

temationa e plces, 53,55
World Wildife Fund, 267, 69
Worldwaich Insitute, 24, 181, 210, 453454

Y

Yellowstone o Pk
ot springs,
Sl otk (Y2Y) proposal, 266,
Y:mm, R 48

Ym.u Mounnm  evad) s vaste

Y Vot 24,514,515, 530,531

zZ

o
neb, 163
erspoplaion o 199,155

2005, capive breeding and species
survival plans, 242-243

Index



corals reefs, data on, 108
desertificaton, data n, 203
Development Agency, 28
Development Pro 27,52

obesity in, 164, 181
old-growth forests in, 255
organic farming in, 212-213

Economics of Ecosysiems and Biodiversiy, 521

259
260,262,265

Educational, Scientifc, and Coltural

anization, 26
Environment Programme, 17,20, 108, 187, 229,
357,566

Food and Agricultre Organization, 135, 179, 180,
82185185186, 187188, 207,212,248,
49,2

food pwﬂ\lulul\ non 16
Forum of Forests, 277
FanevorkConvenion on Clmte Change
(1994),

tigh cﬂmmmmn on Refugees, 143

f adquic bosing dat o 01
ilemumasesonen
Millennium nmlup...c..x Pl\m:cL 2,526

99

Pelican Island, ist na

Vermont
gasifcarion plant, Middelbury
College, 459

reforesting of, 275
verticalstatifcation, 106
ical zonation, 100

pestcide usage, 206-207, FH

population growth, 141, 142, 143
population poitics, 150

population shift west and south, S03-504

recycling n, 480, 452

sedimer

rash disposal costs, 478
Wall Street collapse (2007-2008), 552
waste incinerators in, 478

waste production, 474

water polution in, 408, 409410

water pricing and allocation pnlme Cn
wealth

s

laion Dition 17145
Population Fund, 150
o Elsons o Do o
Deprdtion 247 25,252,521
w«nncdu o
e pating canpiga, e
United States
air pollution n, 355, 357, 360, 367

wildfires n, 255-256
wind energy use, 465, 4
wood and paper pulp production in, 249

Unwin, Raymond. 507
urban agglomeration, 496

automobiles, 4194 i quality, 500

cerin, 164 challenges, 502-507
coul burning in, 428 defnt, 57

185 o

consumpion levels i, 25 Immmg o o i, 501502
desalination in, 391 masstransit, 506-507
development aid from, 28, 161 shantytowns, 501-502
domesic water use, 380-381 slums, 501
droughis, cycle of, 380 t growth, S07-511
cnbauies, 0839 squatter towns, 501

ndangered species protection and traffc congestion, 500

recovery, 239-2 water use,
ety consnption, 425,26, 47448 world'slargest (chart of), 498

1,569-570 fhan f 09

e i 1
ethanol production in, 459460
farm subsidie in, 157-188

urban runoff, 412

sprawl, 504
urbaniztion, 496-499

genetically modified crops, use o, 190, 191
geothermal springs and vents, 467

global warming, 334,335

Green Seal program, 568

hazardous wases in, 455, 457485
honeyiee shortage, 210

unting and fshing laws, 235

ydropovier use n, 464

imegted pes maragementn sschisets, 214
Internaional Conf

ol vot 502507
govermenalplcie . 499500
e b, 09510

rcntil eclopmens, 09
o, 505

opultion sl v, 497, 498499

development, S05-506.

lopment, efusal 0 oo, 150
iigation methods, 204

irigation provided by goverment, 383
and Kyoto Protocol on Global Climatc

National Ambient A Qualty Standards, 367
naturalgas resources, 435
nuclar power, 436,438,439, 441, 42

612 Index

world map of, 498
uiltarian consersation, 21

\%

vampire currnts, 448

Vassar College, New York, 178

Yebln T 66
Dam and proncsin, 260

i e §

villages, defined, 497
vinblastne, 227
vincristine, 227
Vi, Mok, 132
Vg, Reston s plad communit, 08
visual lea
ey 18
ol orgaic compounds (VOCS), 351
voleanoes, 311
it polnion fom. 348,352
elowing clou
Vluuan:suvm:ﬂuly)
Nevads mY(Cn\\lmhm 1983). 311
Torm o
tectonic pm«wﬂnnd o
Voing Righs Act, 542
il peis 735

w

Yl Al 5

waste-to-cnergy. 478
wastes
demanuficuring, 483

reducin
reusing, 484
shrinking the waste siream, 479485

solid, 47441
3R waste hicrarchy, 485

as agent ofsol erosion, 202-203

agriculural use, 204-205, 381-383

iy s e, 70553
0,379

onsumption less llunv.ll.hdmwxl 381

ey rom 58
glaciers, 3
groundwater s gty

molecule, 54, 55

huapyfwwmbhe.comfeunningham| e

TWELFTH EDITION

Environmental

CIENCE

A Global Concern

William P. Cunningham

University of Minnesota

Mary Ann Cunningham
Vassar College

Connect
N\ % Learn
; Succeed



The McGrawHill conpanies

" Connect
Learn
Succeed'

ENVIRONMENTAL SCIENCE: A GLOBAL CONCERN, TWELFTH EDITION

Published by McGraw-Hill, a business unit of The McGraw-Hill Companies. Inc., 1221 Avenue of the
Americas, New York, NY 10020. Copyright © 2012 by The McGraw-Hill Companies, Inc. All rights
reserved. Printed in the United States of America. Previous editions © 2010, 2008, and 2007. No part of this
publication may be reproduced or distributed in any form or by any means, or stored in a database or
retrieval system, without the prior written consent of The McGraw-Hill Companies. Inc.. including. but not
limited to, in any network or ofher electronic storage or transmission, or broadeast for distance learning.

Some ancillaes, including electronic and print components, may not be available to customers outside the
United States.

@'nm book is printed on recycled, acid-free paper containing 10% postconsumer waste.

1234567890 QDBQDB 10987654321

ISBN 978-0-07-338325-5
MHID 0-07-338325-2

Vice President, Editor-in-Chief: Marty Lange
President, EDP: Kimberly Merivwether David

Director of Development: Kristine Tibbeits

Publisher: Ryan Blankenship

Developmental Editor: Jodi Rhomberg

Executive Marketing Manager: Lisa Nicks

Project Manager: Kelly A. Heinrichs

Senior Buyer: Laura Fuller

Senior Media Project Manager: Christin Nelson

Manager, Creative Services: Michelle D. Whitaker

Cover Designer: Studio Montage, St. Louis, Missouri

Cover Images: (front) © B&C Alexander/ArcticPhoto (back) © Digital Vision/Getty Images/RF
Senior Photo Research Coordinator: Lori Hancock

Photo Research: LouAnn K. Wilson

Compositor: S4Carlisle Publishing Services

Typeface: 10/12 Times Roman

Printer: Quad/Graphics

Ser

Al credits appearing on page or at the end of the book are considered to be an extension of the copyright page.

Library of Congress Cataloging-in-Publication Data

Cunningham, William P
Environmental science : a global concern / William P. Cunningham, Mary Ann Cunningham—121h ed.
p.em.
Includes index.
ISBN 978-0-07-338325-5 — ISBN 0-07-338325-2 (hard copy : alk. paper) 1. Environmental
sciences—Textbooks. 1. Cunningham, Mary Ann. IL. Tite

GEI0S.C86 2012
363.7—de22
2011015578
www.mhhe.com

ownput fams, 217-219.
reduced tilage, 216-217

sustainable development, 23, 26-29, 516
BedZED,

Tennessee.
chemical waste dumping in Hardeman
ounty 488

United Kingdom, 509, 510

defined, 26

as lobal challenge, 574-576
m, 509-510

openspics,desing .51

s o

Clinch
project, 439

snail darer protection at Tellco Dam, 238

Tenessee Valley Authority (TVA), 306

g
+

tertestral energy, 322

Sust
e energy
jomass (see biomass)
fuel cels, 436-457
‘geothermal, 467468
ocean thermal lectri comversion, 463469
sy e o m..my»
tidalan .y, 468
anspontaton, imprvingeficiency
of, 49450

wind, 324

wind energy, 436, 464-467
‘Swamp Lands Actof 1850, U, 284
swamps, 11

Sweden
air polution reduction, 365

415416
testtaking siategies, 6-1
Thailand
familypaning 131,152
fertlty rat

tralic congemm. in Bangok, 500
ol e, 13

T of the e i, The (e, 566

plume, 406

thmal poluion, 405

thermocline, 110

hermodynanics st and second o, 5, 64

thermosphere, 321

thinking about thinking, 7-11

“Thoreau, Henry David, 98, 566

areen plans, 536
organic food study, 212
population momentum in, 142

superinsulated housing in, 448

sustainable developmen in, 27
switchgrass, 461-462, 463
Switzerland

air polution reduction, 36

e pllaion i B, s

symbiosi, 85-+
sympatric ;pum.u... »
synergism, 16
synergistic effects, 361-362
systems, environmental science, #4-46

T

wiga, 105
Talgrass Priric Ecological Research
Station, 281282

Prairic National 282

total el rte.
ol s my Toads (TVIDL), 407
ol popision v, 39

olonialism, 33
e Ree Intory (TR, 355,457
tonic wastes. See hazardous wastes; xins.
toxing

trade, intermational, 529-530
s The” (Haci, 522

improving efficiency of, 449450
masstransit, 506-507
i urban areas

e, mematonal,552-555
wrees, ree planting, 278

wibal circle banks, 530

wrple bottom lne, 532
Trombe alls 451
trophic levels,
wopical e, 10102, 14826

seas
opiclsvamnan,

tropics, biologicalabundance and diversity in, 87-88
wopopause, 3

woposphere, 320-321

“Trout Unlimited, 290

Tuchman, Barbura, 538
wndra, 100, 105-106, 113
Tumer, Frederick Jackson, 282

typhoons,

Ujung Kulon National Prk (Indonesia), 243
i mdulmn. 32135
nbrella 40,243
Inderron mmmg.
2,

ndemoutihment 35, 180-151

"
tar sands, 432
83

technology. efects on human popultions, 135-136
Technology Assessment, Offce of, 3

tectonic plates, 297, 294

television, 9, 499

lico Dan (Tennes»e) snail darter

empere foren, o105 - 13,2525
coniferous forests, 104, 105, 1
deciduous forests, 104-105
vemvmlegms\ims 100,103, 12, 113
e rinforests, 105, 112, 113
u...pmlesnmbum 103104

e ccosems, 107
in biome distibution, 100
imsersons, 356-357
warming climate (see global climate change)
temperature inversions, 356-357

acute L 169-170 419
bioaccumulation, 165 United Arab Emirates

166 desalination plant in, 389
hemical 167 137
children's exposure 10, 165 United Church of Christ, Commission on Racial
defined, 161 Justice, 481
detection limits, 170 United Kingdor

effects of, 161-164
cxiont, 168

e, 165
fatrs memironmentl oy, 164
i 161

BedZED, ecological housing complex in, 509, 510

biodiversity loss n, 17

garden cites outside London, 507-508.

Great London Smog (1952), 345, 346, 35
duct

lab animals, oxicity esting on, e
T

imizing, e o 167-165

mobility, 164
movemen, distibution and fae, 164-167
persistence, 166-167
predation using foxic secretions, 84
fanges of, 169

repair mechanisms, 168

solubiliy, 164
Sscpiviy, 165

MAGNOX nuclear eactor design, 437
sustainable developmen in, 27
Windscale Pltoniom Reaclor, 438

United Nations (UN)
air pollution,data on, 17, 360
and carbon e 428
clean drnki ol o s o, 304
Commiionon fumen R, 3
Conference on Environment and DQ\‘:\ﬁpmem

(ihe Earth Summit), 23, 338, 554, 571
Conference on Oceans, 108
Convention on Biodiversity, 228

Index 611



secondary productiviy, 62

secondary sewage treatmen, 415

secondary succession.

sedimentary rocks, 301

sedimentation, 301, 388

sediments, as water pollution, 405406

selection pressures, 76, 80

Sen A K. 180,181

Sencea, 153

Soqoia Natos Pk Califori), 240

service products,

sewage treatment
anacrobic digestion process, 458
in developing countries, S01
infectious agents in human waste, 399400

Sheelnn John, 463

om0
Shelford, Victor, 77
Shellenberger, Michacl, 570

Shenandoah National Pak (Virginia), 364
‘Should Trees Have Standing?, 30
shrublands, 103-104

Siberia, deciduous forests in, 105

versus Disncy Curpor.l\ml\(l%‘)r 30,31,549
sinificant number
Slnrspring (Cosn. 2,155,206, 543
silicon colectors, 454

wealth

sk 128

sinkholes,

skepticsm, 39

slash and burn agriculure, 93, 216

SLOSS debate (single large orseveral small
266

shums, 501
st g, 07, 50111
smeling, 3
St S 515,519
Smith, Robert Angus, 362
Smithsoian Instition, 267
smog
Asian Brown Cloud, 357
haze blob, 364
as health hazard, 360

idon's smog of 1952, 345, 346, 356
photochemical, 356
US. levls, 364

visibility reduction from, 363-
smoking, obsucive lng disease and, 361
28

Socolo, Robert, 318-319, 333, 339, 341
sodium chloride, 34, 40
soil, 197-200
arable and, unequal distribution of, 201
components, 197

610 Index

conservation, 215-219

. 200
organisms in, 199
paticle sze, 197-195, 199

ypes, 198
use and abuse of, 200-204

solar energy, 436, 451456, 464, 466
atmospheric absorption of, 322
Earth beated by, 60, 321

energy balance, 321, 322

spotted ow, northem, 223, 225, 229, 230,
31,237, 240, 246
sprawl, urban, 504

SQUR il e, 56

160
ical communiies, 89-90

sl veies, 3519

Stampfer, Meir,

stand smlpmmplz 557

stnding, legal, 549

Staphylococcus aureus (MRSA), 160

state shifl,

saistcs, and science, 4143
statute aw, 546, 547-545

as essential o life, 60
Bightcmpesar: whst gy, 452454
in hydrologic cyck
i

solubility,of toxins, 164
sound science, 4
source habitats, 128
southern lights,
Souther Oscilltions, 320-330
Soviet Union (Former)
Chernobyl nuclear acident (1985), 291, 438, 441
natural gas reserves in, 433
population growth rates, 137
REMK el o g, 47
aberculosis in, 1
wmerv»zlwm\lmpnmv 381-382
water pollution,
soy-based biofuels, 463
s, s, 11
Spai, sevage amen, otz o, 408
Speciaion,
capve trsling s il
ans, 242.
compeiton, 75, o

Steiner, Frederick, 511
Stem, i ol 35-136,528
Stewardship, environmental, 31
Sone Cotopher D, 30
sormings, 26
Strange, Mar
srategic i .,gmm public participation
LA

sratosp e
mmpm.h ozone, 358359

restoration, 285, 289-291

uip famin
g
Strong, Maurice, 575
Stdent Envionentl Acion

2

subduction, 298
ubsidence, 385

Sagen, i photosynesis, 60-61

sugarcane, §7, 459, 460

suicde, 16

sulfur
compounds in air pollution, 347
removal, i pollution control by, 365
rading, 529

sulfurdioxide
as i pollutant, 349-350, 368
from coal buming, 426

ractions, 124
ineractions, 124-125
94-95

12, 507, 508
supercell frontal systems, 326
Superfund Act (1980), 161, 486, 546
Superfund Amendments and Reauthorization Act
ARA) 419486487
rund 2,417,419, 487488

230232

Keystone, 8687

number of, 225

pioneer, 93

predation, 84-85

s pcies d K el

species, 120-12

an.a.m«.munmym 43

iy
species diversity, 224
species cveaness, 204
species richness, 224
spirit bears, 257

supply, in et conomics SI§

surface mining, 230, 292, 304-305, 404, 427, 432

Surface Miing Controland Reclamation Act
MCRA), 292, 305

Surface Mining, U.S. Offce of, 292

sustainabily,defined. 575

sustainable agrculture, 212-3
cover crops, 216
defined, 213

215

huapyfwwmbhe.comfeunningham| e

WiLLIAM P.
CUNNINGHAM

William P. Cunningham
is an emeritus professor at the
University of Minnesota. In
his 38-year career at the uni-
versity, he taught a variety of
biology courses, including
Environmental Scneme Con-
servation Biology,
mental Health, Envlmnmcmal
Ehics, Plant Physiology, and
Cell Biology. He is a member
of the Academy of Distin-
guished Teachers, the highest
teaching award granted at the University of Minnesota. He was
a member of a number of interdisciplinary programs for interna-
tional students, teachers, and nontraditional students. He also car-
ried out research or taught in Sweden, Norway, Brazil, New
Zealand, China, and Indonesia.

Professor Cunningham has participated in a number of gov-
emmental and nongovernmental organizations over the past
40 years. He was chair of the Minnesota chapter of the Sierra
Club, a member of the Sierra Club national committee on energy
policy, vice president of the Friends of the Boundary Waters
Canoe Area, chair of the Minnesota governor’s task force on
energy policy, and a citizen member of the Minnesota Legislative
Commission on Energy.

In addition to environmental science textbooks, Cunning-
ham edited three editions of the Environmental Encyclopedia,
published by Thompson-Gale Press. He has also authored or
coauthored about 50 scientific articles, mostly in the fields of
cell biology and conservation biology, as well as several invited
chapters or reports in the areas of energy policy and environ-
mental health. His Ph.D. from the University of Texas was in
botany.

Professor Cunningham’s hobbies include photography
birding, hiking, gardening, and traveling. He lives in St. Paul,
Minnesota, with his wife, Mary. He has three children (one of
whom is coauthor of this book) and seven grandchildren.

Both authors have a long-standing interest in the topic in this
book. Nearly half the photos in the book were taken on trips to
the places they discuss

"

MARY ANN
CUNNINGHAM

Mary Ann Cunningham
is an associate professor of
seography at Vassar College,
A biogeographer with inter-
ests in landscape ecology,
‘geographic information sys-
tems (GIS), and remote sens-
ing, she teaches environmental
science, natural resource con-
servation, and land-use plan-
ning, as well as GIS and
remote sensing. Field research
methods, statstical methods,
and scientific methods in data analysis are regular components
of her teaching. As a scientist and an educator, Mary Ann enjoys
teaching and conducting rescarch with both science students and
nonscience liberal arts students. As a geographer, she likes to
engage students with the ways their physical surroundings and
social context shape their world experience. In addition to teach-
ing ata liberal arts college, she has taught at community colleges
and research universities.

Mary Ann has been writing in environmental science for over
a decade, and she has been coauthor of this book since its seventh
edition. She is also coauthor of Principles of Environmental Sci-
ence (now in is fifth edition) and an editor of the Environmental
Encyclopedia (third edition, Thompson-Gale Press). She has pub-
lished work on pedagogy in cartography, as well as instructional
and testing materials in environmental science. With colleagues
at Vassar she has published a GIS lab manual, Exploring Envi-
ronmental Science with GIS, designed to provide students with
sy, inexpensive introduction to spatial and environmental
analysis with GIS

In addition to environmental science, Mary Ann’s primary
research activities focus on land-cover change, habitat fragmenta-
tion, and distributions of bird populations. This work allows her
0 condut field studies in the grasslands of the Great Plains as
well as in the woodlands of the Hudson Valley. In her spare time
she loves to travel, hike, and watch birds,

Mary Ann holds a bachelor’s degree from Carleton College,
a master’s degree from the University of Oregon, and a Ph.D.
from the University of Minnesota




CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

! Brief Contents

Introduction 1

Understanding Our
Environment 12

Principles of Science
and Systems 37

Matter, Energy, and Life 51

Evolution, Biological
Communities, and Species
Interactions 74

Biomes 98
Population Biology 116
Human Populations 131

Environmental Health
and Toxicology 153

Food and Hunger 177

Farming: Conventional and
Sustainable Practices 195

Biodiversity: Preserving
Species 222

Biodiversity: Preserving
Landscapes 246

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

13
14

15
16
17

18
19
20
21

22

23
24

25

Restoration Ecology 270

Geology and Earth
Resources 295

Air, Weather, and Climate 317
Air Pollution 345

Water Use and
Management 372

Water Pollution 396
Conventional Energy 422
Sustainable Energy 445

Solid, Toxic, and Hazardous
Waste 472

Urbanization and Sustainable
Cities 494

Ecological Economics 514

Environmental Policy, Law,
and Planning 538

‘What Then Shall We Do? 560

ucbili 4,39

Public 4

Pul |cUnluy Reeuons P I dimentaton levels in, 385

Pucblo to People, 27 residence time, 375

ol oo imnigaion, 9 resilience

pupfish, 89-90
oo 7 in econonic poliy, 535,

purple loosestife, 274
push fators, immigration, 499

Q

quaity of e indicators, 25

R

skl i, 121
Rabel

e oot el s .81
racism, environmental, 3
radioactive wast. See nuclear waste

i shadow, 3

ainfal. See also preciptation
acid pecipitaion, 362-363

ingediens for 23

Reagan, R
recharge zones, 377378
reclamation

defined, 273

restoration and, 291-292

e plcis v 93
recyelng,

e

‘geologic resources, 307-308
hazardous wases, 485-456.
jobs creation an
plstics 482483

02

red tides, 401402
Redefining Progress, 19
e lge st 217

ety agencis, 551552
rehubilia
R Cheial, 458

3

o Lmuly planning. 150
mediation

" efned 273

e 416417
remole sensing,
renewable mzlgv Yuris, 54
renewable energy islands, 458
bl s, 17
Repeto, Robert, 525
rcphcmmn inscience, 39

in systems,
st Consrvaion s Reovey Ac
6

resource pzlmmmnn ryd

conservation (see conservation)
si6

intangible, 517

nonrenewabie, 516, 517
partitoning, 75,79

rencwable, 517

waste of,in start of environmental

ovement, 2

respiration, cellular, 61,67
restorator

s of, 277280
common erms wed i, 273

componesof estoruion, 73-274
defined, 2

carly et 75275
Teting nature heal isef, 275
origins of, 274-277

pragmatic side o, 273
protectng, 275

species,
restorng prarie, 280-284
e elnds nd stars, 24292

R, D S18

" enctically modifed, 190
o odcp. 53
tic
riders, 155,«;““ 547
e
ac qmm. m
assessmen, 170
defined, 17
management, 173-174
perception, 170, 172

restoration, 289-291
as waler compartment, 37
R s Hatas A (1859, 583

rock salt, 301

rocks
defined, 299-300
igncous, 300

Reseoel, Pk,
Roosevelt, Theodore, 21,
rottional grazing, 259

Rowland, Sherwood, 359
run-of-the-iver low, 464

fural areas

mobile phone service o,
i Elcunﬁwlmn o 1935454
Rusk,
Rostn Gt s Soviet Union Gormer)
Chernobyl nuclear accident (1985). 291, 438, 441
ice core drilling of Greenland ice sheet, 327
nuclear waste sie explosion near
Chelyabinsk, 440
population growth rte, 137
toxicai polluion in Norilsk, 365
wood and paper pulp production in, 249

S

Spopuion e, 119-120

S~ lc[lu 281
Sae Dnnmg»\memmmemn 419,434
Safe Harbor Policy,

vaaDc\cn(-\inm) overgrazing, 103
Salazar, Ken,
salin mul\‘..ﬂé
salmor

s and et on, 386387

endangered,

genetically mnmﬂed 190, 191
sall marshes, 108, 1
sl o, s

ample, n sals

San oy Amana, A (Leopold), 2
sanitary landfill, 477
Sargasso Sea, 107

ARS (severe acute respiratory syndrome), 157
satelles,cartimaging, 68
Saudi Arabia

ks and preserves in, 261
savannas, 103, 248, 278-279

ience
accuracy and precision, 3940

basic principles, 3

consensus and conflit in, 4748
deductive and inductive reasoning in, 40
defined, 39

experimental design and, 4143
ypotheses and theories, 4041

models, 4344

probaily in,
preudoscience, detecting, 4748

skepticism and accuracy. dependence on, 3940
satsics, 4243

it comenus, 47
ific theory, 4

e
Seafood, dietary, 185-186
scasonal winds, 324
SeaWIF (satellie), 68
secondary airpollutants, 149

Index 609



i, 80

pmzrve» 260-267
ecolourism, 264, 265

historical overvien 260

marine ecosystems, 264

native people and nature protection, 264-265
nature preserves, 260-2

size and shape of, 267

Phillps, Iohn, 285
phosphorus eycle,
photochemical oxidanis, 351
photodegradable plastics, 484
Photosynthesis

carbon cycle, 67

defined, 60

energy captured by, 60-61

remole sensing of, 68

s

air by, 364-365 4455
partculates phihalates,
asair pollutant, 347, 351-352, 356, 360, phy\ngznz\m»,\ec\z\cmvcem(%(‘) 24
368369 phytoplankion, 106
defined, 351 phyoremediaton, 489
partsan journalism, 9 Pierce, Davi

passenger pigeons, 233-234
passive heat bsorption, 451
p&\l»mh\\\ 258

gu\:hml» (see grasslands)

prbl o e et 48
peaic e,
Pelamis wave- pnwergznzm or, 468
Ponnsyai, T Mile 4and iden 1979,
438,441

pigeons,passenger, 233-234
Pimental, David, 135, 205,210, 463
Pinchot, Gifford, 21,23, 27
pioneer species,
Piot, Pete, 132
placer mining, 304
Planning journal), 282
plants
air pollution, damage o plants from, 361-362
clstring orprieion,
A species products, buying, 236

m

i hydmkvgu ot

People for Community ), 503

puctlont 167

percnnsl s

pcrﬂuummmne o (PF0S), 166

fluorooctnoic scid (PFOA), 166

ermaios mling e, 34

peisntcnicpoltans (FOPS) 62166167
21021

Choleain, 158
urban growth in, 499
pest resurgence, 210
pestcide teadmill, 210
esicides See s oxins
biological contols, 208

water 410, 411

as health hazards,

Historicalovervie: 206

as human health problem, 211

integrated pest management, 215-21

Toss of toxicty, 166

oyt peien, e o 210
2

probierms, 206-
s 51 82 160,210

m\wnlcrpulluum\ ni-dos

ened 208
sentc mdifcaion of s for
woling, oo
gt and s o, 213214
petroleum, 411412
Pliesteria piscicida, 402
pH. 56,362, 363
pharmaceutical companes, 227-228
Philippines
as biodiversity hotspot, 226
eruption of M. Pinatubo, 311
native land rights in, 29
scavenging in Manila, 475476
Smoky Mountin open dump in Manila, 475
wetland disturbances in, 113

608 Index

imsive spces, zn 23227374
lve >

Population and Community Development
132

biotc potential, 118, 124
carrying capacity, 119

density-dependent factors, 120, 123, 124-15
density-independent factors, 120, 123-124
enigrtn, m

ponential growih, 119
ol an 131, 147-148

pec merscton, 24

intraspecific interactions, 124

life expectancy, 140-141

lifespan, 121-122

logisc gt 15-120
orality,

iy 125, 12 i

Fselected species and K-seleced
species, 120-121

sress and crowding, 125

growh rates, 25
human (see human populations)
Portugl, wellnd st i, 13

g g, .70
disappearance o, 17
mc phmm 12,278
plast
b 54
ce dging o 4T3—474, 476
s
at,
plugein »,mm el 450
plutonium, 439,
point sources, of . pollution, 398
Poivre, Pirre, 20-21
polar bears, 237

positv ekeedhmkmesrum\m 45
potentialenergy, 5
povery
extreme, 24,25, 26
o security treat, 179
)

72,381

bison inroduction, 282-283, 284
fire for praie restoration, 281
restoring, 280-284

shortgrass e e 22284

in, 210,211
effects of climate change on, 334
pestcides n, 358

Polasky, Steven, 463

nvironmentl (see environmental aw)
ol eonomy 19
poliics

P
..emmmmpum 41
precedents, 349
ecaton Se o infl
average annual,
i biome disribution, 100
uneven distibution, 374
water ycle and, 374
precision, n science, 3940
predation, 83-84

icy, 541-542
and family planning, 150
Pollan, Michacl, 181
pollutr pays principle, 485, 457
pollution

i see air pollution)

P 8

premises, deined, 10

pressurized water nuclear reactors, 437, 438
9

prinay forests,

3

market-based mechanisms used (0
reduce, $28-529

polluted wetla 21-202

Fimary e reghoeot, 415
primary succession, 92,93
bablity, in science, 41

i startof environmental movement, 22

water (see water polltion)
plybromintcd dighen cthers CBDE) 165
Bs), 162,358,412

producer arganisms, 62, 83

productivity. 62, 87,85

Project Feeder Watch, 565
133

polyculure of fih and scafood, 156
polyethylene terephihalate (PETS), 482, 483
polyvinyl chloride (PVCs), 452

ponds, 379

Popper, Frank and Debora, 282

o iy 15
.57

o5
roven reserves, 426, 430431
pseudoscience, detecting, 4748

huapyfwwmbhe.comfeunningham| e

About the Authors iii
Preface  xiv
Guided Tour  xviii

Introduction: Learning to Learn 1

Learn

g Outcomes |
Case Study Why Study Environmental Science? 2
L.t How Can 1 GET AN A 1N Tiis CLass? 3

Develop good study habits 3

Resogae ad hon your lesing sl 5

Use this textbook effectively

Wil this be on the test? 6

L.2 THINKING ABOUT THINKING
\pproaches to truth and knowledge §
What Do You Think? How Do You Tell the News
from the Noise? 9
‘What do I need to think critically? 10
Applying eritical thinking 10
Some clues for unpacking an argument 10
Avoiding logical errors and fallacies
Using critical thinking in environmental science 11

1 Understanding Our Environment 12

Learning Outcomes 12
Case Study Renewable Energy in China 13
1.1 WHAT Is ENVIRONMENTAL SCIENCE? 14
1.2 CURRENT CONDITIONS 15
We live on a marvelous planet 15
e fce many sros enviommentl probes 15
‘Thee are also many signs of hope
What Do You Think? ('alcnldtmgVnur Ecological
Footprint 19
3 A BRIEF HISTORY OF CONSERVATION
AND ENVIRONMENTALISM 20
Nature protection has historic roots
Resoure vt il pragnati, uilaian
conservation
e and st concrs inspired the preservation
movement 21

Rising poummn levels led to the modern environmental
movement
Environmental quamv is tied to social progress 23
1.4 HUMAN DIMENSIONS OF ENVIRONMENTAL SCIENCE 24,
We live in an inequitable world 24
Is there enough for everyone? 25
Recent progress is encouraging 26
1.5 SusmnusLe Devatomar 26
‘an development be truly sustainable? 27
‘What i the role of intermational aid?
Indigenous people are important guardians of nature 28
1.6 ENVIRONMENTAL Ertiics 29
We can extend moral value to people and things 30
1.7 FAITH, CONSERVATION, AND JUSTICE
Many faiths support environmental conservation
Environmental justice combines civil rights and environmental
protection  3:
‘Environmental racism distributes hazards inequitably 33
Data Analysis: Working with Graphs 35

7, Principles of Science and Systems 37

Learning Outcomes 37
Case Study Forest Respomsmalobalw;mmg 38

2.1 WAT Is SCIENCE?
Science depends on akep m and accuracy 39
Deductive and inductive reasoning are both useful 40
Testable hypotheses and theries are essential ools 40

tics can indicate the probability that your resuls
were random 41
Experimental design can reduce bias 41
Exploring Science What Are Statistics, and Why Are They
Important?
Models are an important experimental strategy 43
2.2 SysTEMS DESCRIBE INTERACTIONS 44
Sysemscanbe described in e o thei
characterisics
Systems may i stability 46
2.3 SCIENTIFIC CONSENSUS AND CONFLICT 47
Detecting pseudoscience relis on independent,
ritical thinking
Data Analysis: Evaluating Uncertainty 50



3 Matter, Energy, and Life 51

Lear

g Outcomes 51

Case Study Chesapeake Bay: How Do We Improve ona C-2 52

31 BLEMENTS OF LiFE 53
nts, and compoun
Gl s b e wgﬂher 54
Explurmg Science A “Water Planet” 55
react and bond to form compounds - 55
OIgamc compounds have a carbon backbone 56
Cells are the fundamental unts of life 57

3.2 ENERGY
Energy ocurs in many forms 5§
hermodymamics regulics energy trnsfrs 58

3.3 ENERGY FOR LIFE 5
Excemophies gt cnegy wibout sufght 59
Green plants get energy from the
Photasyniess capures enrg: waplmmn releases
that energy
3.4 FROM SPECIES T0 ECOSYSTEMS
Ecosystems include living and nnnhvmg parts 62
Food webs link species of differe
uupm Tevels 62
pyramids describe trophic levels 63

35 mem CYCLES AND LIFE PROCESSES 65
The hydrologic cycle redistributes water 63
Carbon moves through the carbon cycle 67
Exploring Science Remote Sensing, Photosynthesis,
and Material Cycles 68
Nitrogen s not always biologically available 68
Phosphorus is an essenial nutrient 70
Sulfur is both a nutrient and an acidic pollutant 70
Data Analysis: Inspect the Chesapeake’s Report Card

4 Evolution, Biological Communities,
and Species Interactions
Learning Outcomes 74
Case Study Darvi
4.1 EVOLUTION PRODUCES SPECIES DIVERSITY 76
Natural selection leads to evolution
Al species live within limits
The ecological niche is a species’ role
and environment 77
‘Speciation maintains species diversity 79
Evolaon sl t wok
Exploring Science New Flu Vaccines 81
Taxonomy describes relationships among species 82

s Voyage of Discovery 75

4.2 SPECIES INTERACTIONS SHAPE BIOLOGICAL
CommuNITIES 83
Competition leads to resource allocation 83
Predation affects species relationships 83
Some adaptations help v
Symbiosis involves intimate relations among species 85
Keystone species have disproportionate influence 86

vi Contents

7

4.3 COMMUNITY PROPERTIES AFFECT SPECIES AND
PopuLATIONS 87
‘Productivity is a measure of biological activity 87
What Can You Do? Working Locally for Ecological

Diversity 87

Abundanceand diversty mesure the mambersnd vy
of organisms

Community et descrs spatial distribution
of organisims

Complexity and connectedness are important ecological
indicators

Reslene o ity make commuiis e
o dist

Edesand oot e the s becen
adjacent communities 9

‘What Do You Think? What's the Harm in Setting Unused
Bait Free? 91

4.4 COMMUNITIES ARE DYNAMIC AND CHANGE
OVER TivE.
‘The nature of communities is debated 92
Ecological succession deseribes a history of community
development
Appropriate disturbances can benefit communities 93
Tntroduced species can cause profoun
community change 94
Data Analysis: Species Competition 96

5 Biomes: Global Patterns of Life 98

Learning Outcomes 9
Case Study Spreading Green Across Kenya 99

5.1 TERRESTRIAL BIOMES 100
‘Tropical moist forests have rain year-round
“Tropical seasonal forests have yearly dry seasons 102
Tropical savannas, grasslands s few trees |
Deserts are hot or cold, but all are dry 103
Temperate grasslands have rich soils ~ 103
Temperate shrublands have summer drought 103
Temperate forests can be evergreen or deciduous 104
Boreal forests occur at high latitudes 105
Tundra can freeze in any month 105

5.2 MARINE ECOSYSTEMS 106
Open-ocean communities vary from surface (o

hadal zones 107
Coastal zones support ic

rse communities 107

53 FuasiTeR Ecosystius 110
Lakes have open water
Wetlands are shallow and pmducme 1

5.4 HUMAN DISTURBANCE 112
Data Analysis: Reading Climate Graphs 115

6 Population Biokogy 116
Learning Outcomes 116
Case Study Fi

ing to Extinction? 117

Netherlands
citizen science projects i,
ereen plans, 557

bt i, S09-510

rearoxin, 163

neutrons, 53

Newada
Lake Moot 372,37, 385385
mining.

‘{maanmw - storage a, 440

New
gmdew cities, 508
life cxpectancy of Asian women, 141

new towns, 507

new urbanism, 508

New York
Frsh Kils Landil uen . 76, 480
mal oxic waste ste, 485
e Tghts replaced wih LEDS, 44
water quality and pet waste disposal, 408

New Zealand
‘gcothermal springs and vents, 467
green plans, 556

63564

ducton in, 340

Norway

Fukushima-Daiichi accident,Japan (2011), 437,
441442
operation of, 436437
reactor designs, 437439
sl e, 4541

mDmm.m.mmg nld p\a.m 441

z
if

monitored, trevable sorage, 440
sorage at Yucca Mountain (Nevada), 440
Jeic acids, 56

invasive specics, damage from, 232
Kapit

nucleotides, 57
Nuees ardentes, 311

22,2
progeam to protect native flora and fauna,
controversy over, 232
il devlopnnt .21
13

n, Randy.
Revs prograns, desion

nutition
biodiversiy and food, 227
diet s healh hazard, 164
dietary pyramid, 183
famines, 180-181

food security, 179
high food prices, 182
Jnourishment, 182

iger
family size, 143
population momentum in, 141-142
g o s s ot e
food, I
\thnml i
nitraes, 69, 410411
nitsc oxide, 331, 350, 357
nitogen
s el in Chespeke By, 52
lcule
nitrogen cycle,
nitogen i 54,350
nitrogen oxides
asair pollutant, 347, 350-351, 365

No Surprises Policy,

no-ill planting, 217

Noch question, 242

Nobel Prize, 12,23, 24, 179, 180, 189, 278, 302,
357,359, 531,571

obesity, 181
overeating, 181-182
g Kidsof o mpuasof g

undm\oumhmcn\, 215081
orld food and, I

o

Obama, Barack,

2
economic e bm 009),5
Enironmentl s polies e 549,51
ethanol production, 459
forest policy, 255
increase in mpg for cars, 449
with People for Community Recovery. 503
reducing oil dependence, 425
renewable energy policy, 466
s ol ca Wi e ot 452
avesty, 1601
OEA\I'mlwml Sn!ﬂy and Health Agency (OSHA),

1(0AD, 417

.51

nonpoint sourees, o(nlervol]ulum a1
nontenewable resources,
Nordhaus, Ted, 5T
Norquist, Grover, 552
North American Free Trade Agrecment
(NAFTA), 530
North Atlantic Oscillation, 33
northern elrp}nnl sl 26-121
northern
norther w«\cd o, 22
237,240,249
Nortues Fors P, 255

2,223, 225,229,230, 231,

ocean wave energy, 468

curents, 324-325, 376, 377
deep sea organisms, 59

as major water compartment, 375-377
open-acean communites, 107

odor maskants, 355
offse, in emissions trading, 528
hio

‘Cuyahoga River, 542

oo, 75

protestat East Liverpool incinerator, 490

Ot Delsion 1995 g, 32
oil, 424, 420-4
e N it Retge e,
detate over, 429,

Gulf Ol Spill (2010), 422,423
negative impacts of, 431432
oil shale, 432433

£l

ligthic s 00401
Onihe Dnﬁm {v!Smuex (Darvin). 75
O'Neill, Paul, 530

open access system, 523

open dumps, 475476

open-pit mining, 29

o esaing o 51

land use planning in Portland, 507
woodstoves, popularity o, 458

organic compounds, 56-57

organic farming, 212-213

organic pollutanis, 404405

Organization for Economic Cooperation
and Development, 430

organochlorines, 208

organophosphates, 207

O, David, 270

Our Common Future, 26,575

deserts vlnerabiliy to, 103
srasslands,
threats to U, rangelands, 258-250
vrharesing cxtncion nd, 235-234
overshoars, 119
Ovshinky, Stanford,
oo . 31

molecule, 54
i photosynthesis, 60-61
orygen g, 40

o, 5t
amospheric
solarenergy )
stratospheric, 358

P

ific Decadal O
Dﬂlm ol 453460

pandemn.:, i

sahinaumokuikea Marine National Monument,
472,473474

paper pulp, 249

paper vs. plasic, 568-569

parabolic mirrors, 452453

paradigm shits, 47

parasies, 84

Index 607



measuring growih, 525-527 Mill John Stuart, 27,519

coschenci s, 526 527 Mineral Policy Center, 306

Wi S Pt (1S 161

metin 555 rare earth, 303
es, biodiversty and, 227-228. imills, 308
mgmm defined, 496, 497 imumtill, 217
Meacken, L. 131 imum viable population size, 127
asai pollutant, 17, 352-353, 354 coal, 304, 426427
as water pollutant, 402, 408 environmental effcts of, 304-307
mesopelagic one, 107 E

mesosphere,

metabolic degradation of toxins, 167 mels, 304,305

e, 55 g remors, 206,47
open 305

asai pollutants, 352-353

as economic resource, 302 eclanaion, 57

inponneof 02 strp, 304-305,

ining, 304, 305, e 298 304305, 40,404, 27,432
e i bt ol 08 toxic and hazardous wastes from, 487

processing, 306-
vt pllas 402,404
metamorphic rocks, 300

as economic resource, 301-304
new materials substiuted fo old, 308

ining’, 381
water pollution from, 402. 404

Miller,Friz, 85
Miller, Paul, 206
Milleian mimicry, 85

Myers, Norman, 225,227

N

Nabhan, Gary, 188

natality, 123, 124

National Academy of Sciences, US.,

National Acronauics and smAmm. stration
SA), US., 456

e A e Qulty i

N A Rxmlg Index (NARI), 250
National Environmental Education

(1990, 562
ol Eaionmenal Poley At (NEPA),
4, 551

Nmmul oo ofHelth (I, 353
Marine Fisheries Service, 117-118
Nt Packaging Protocol (Canada), 484
National Park Service, U.S., 55
tablishme, 21

espoubaions. 12 Mimesota
methan
asair wHunm, 7
Stillwater, 511
e 4554 manure usd for power gencration on
global wnmwvg contribution 0, 331 Haubenschild, 459
methane-caling microbes, 59 sl s of Minar iy, 215
from mining, 426 Minnesota Zoo, 242, 2
molecule, 54 Mm'um/)»:xygumﬂu 12
il o 453 Mississipp, debate over Superfund sie remediation
ey o il 478 in Columbia,
e 43 Mg Rie, ded ot
methane hydmﬂ. 3 rid e mhquakzuxln 310
y . 409-410 B i
Mexico mmg. o, 2
air pollution in Mexico City. 367 Mittermeier, Russll, 225, 261
dependency ratos n, 142 mobility,of oxins, 164

National ity i (PL), 487

National Resources Defense Council (NRDC), 570

Natonl Scence Foundaion, 252

National Wildlife Federation, 369

Native Americans
environmental r 81
sazardous waste sorage on reservations
e sty on P Rie oo 1

#:

e 530
and water diversion contoversy, 391
wind pover sudy by, 466
native people, and nature profection, 264-265
it capl, 517

worst, 3
o :xpﬂlmum s
natural gas, 433436
coal-bed methane, 434
composiion, 433, 434
consumprion, 435
oy o, 53
ed atural gas, 435
lotaion, £33
unconventional sources, 435436
naturalincrease of population, 139

natural processes, for human wast dispossl,

s Se esoes
ouncil (NRDC), 259,

Gty . 139 modeling i science, importance of, 43-44
garbage probiems in Mexico City, 475 i
Jatropha curcas conversion to diesl fuel, 460 0425
land degradation in, moled
Sian Ka'an Reserve, 265 Molina, Mario, 35¢
squattersetlements in Mexico City 502 mollisols, 200
subsidence of Mexico City, 385 Mond, Ludvig, 456
Michigan monitored,retrievable storage, 440
clear-ut Plins, 93 50
wrafficlights replaced with LEDs Monsanto, 190, 191
(Ann Atbor), 448 Monano®, Geersn Sed Frns 99
micorhizal symbiosis, 199 monsoons, 325-326, 3
micro-hydro generators, 464 Monireal P
Ozone Layer (Canada, 1988), 20, 359, 366,
7,530-531 553-554,
Mid-Course Correction: Toward a Sustainable Monireal Working Group, 256
e (Anderson), 532
mid-ocean ridges, 297-298 Moo, Stephen, 136
Middle East moralextensionism, 30

natural gas reserves in, 433
population growth rates, 137

liesin, 430-431 121122, 123, 124, 139-140, 156
Nigraory Bid Hunlmg  Sump (934,23 Mother Earth Laws, 557
Mount Mitchell (North Carolina), 363
mountintop removal mining, 306, 427
mild hybrid vehicles, s movemen, wind, 324
milfoil mudslides, 311
Eurasian, 231 M, John, 21, 23, 51
weevil, 231 mulch, 216

606 Index

o

natural slection, 75, 76, See dsovluion

Natural Step in America, The, 5

Nature Conservatory, The 0 2,281, 20228,
70

5
e pnm\‘xlvw el ks presencs
and sesthetic concern

negative feedback e, 45
net primary productiviy, 62

huapyfwwmbhe.comfeunningham| e

6.1 DYNAMICS OF POPULATION GROWTH 118
We can describe growth symbolically 118
Exponential growth describes continuous change 119
Exponential growth leads to crashes 119
Logistic growth slows with population increase 119
Species respond to limits differently:

- and K-selected species
6.2 COMPLICATING THE STORY: r = BIDE 121
What Do You Think? Too Many Deer? 122

6.3 FACTORS THAT REGULATE POPULATION GROWTH 123
Some population factors are density-independent;
others are density-dependent 124
Density-dependent effects can be dramatic 125
6.4 CONSERVATION BoLoGy
Tsland biogeography describes isolated populations 126
Cumeruum genetis helps predict survival of endangered
126
Explormg Seience. How DoYou Coun Tura? 127
‘Population viability analysis calculates chances of survival 127
Data Analysis: Compnrmg Expuncntlal to Logistic
opulation Growth
Data Analysis: Expenmen\mg wnh P(\pulalmn
Growth 130

7 Human Populations 131

Learning Outcomes 131
Case Study Family Planning in Thailand: A Success Story 132

7.1 POPULATION GROWTH 133
‘Human populations grew slowly until relatively recently 133

7.2 PERSPECTIVES ON POPULATION GROWTH 134
oes environment or culture control human populations? 134
Technology can increase carrying capacity for humans 135
Population growth could bring benefits 136

7.3 MaNY FACTORS DETERMINE Pnpm ATION GROWTH 136
How many of us are there? 136
Fertility measures the number of children born
to cach woman 138
Mortality is the other half of the population equation 139
What Do You Think? China’s One-Child Policy 140
Life span and life expectancy describe our potenial
longevity 140
Living longer has demographic implications 141
Emigration and immigration are important demographic
factors 142
7.4 IDEAL FAMILY SIZE 15 CULTURALLY
AND ECONOMICALLY DEPENDENT 143
Many factors increase our desire for children 143
Other factors discourage reproduction 144
Could we have a birth dearth? 145
7.5 A DEMOGRAPHIC T‘RANSIUON CAN LEAD T0 STABLE
POPULATION SIZE 14
Economic and social dzvelopm:nl influence birth
and death rates
Thie o 0 b optimistic about population 146
Many people remain pessimistic about population growth 146

Social justce is an important consideration 146
Women's rights affect fertiity 147

7.6 FAMILY PLANNING GIVES Us CHOICES 148
Ferilty contol s exited UroaghoutHisry 148
Today there are many options

7.7 WHAT KIND OF FUTURE ARE WE CREATING? 149
Religion and polities compliate family planning 150

Data Analysis: Fun with Numbers 152

& Environmental Health and Tosicology 153

Learning Outcomes 153
Case Study How dangerous is BPA? 154
8.1 ENVIRONMENTAL HEALTH 15
The global disease burden is changing 155
Infectous ad emergnt discses il ill millions
of people
Combion mdicie contines ecology and health care
Resistance (0 drugs, antibiotis. and pestcides is
increasing
Who should pay for health care? 161
8.2 ToxicoLoGy 161
How do toxins affect us? 161
What Can You Do? Tips for suymg Healthy 163
How does diet influence health?
8.3 MOVEMENT, DISTRIBUTION, AND FATE OF TOXINS 164
Solubility and mobiliy determine where and when
chemicals move |
Exposure and suscepiibilty determine how
we respond 165

159

and increase
of chemicals 165

Prsistnce makes some materols o greae hrest 165
Chemical interactions can increase toxicity

8.4 MECHANISMS FOR MINIMIZING Toxic EFFECTS 167
Mellic degradation an exretion it osins 167
Repair mechanisms mend damage

8.5 MeasuriNG Toxierry 168
usually test toxins on lab animals 168
There is a wide range of toxicity 169
Acute and chronic doses and effects differ 169
Detectable levels aren’t always dangerous 170
Low doses can have variable effects 170

8.6 RISK ASSESSMENT AND ACCEPTANCE 170
Risk perception isn't always rational 170
Explormg Sclence The Epigenome 171
‘eptance depends on many factors 172

8.7 ESTABLISHING HEALTH PoLIcY 173
Data Analysis: Graphing Multiple Variables 176

O Foodand Hunger 177

Learning Outcomes 177
Case Study Becoming a Locavore in the Dining Hall 178

Contents



9.1 WorLD Foon AND NUTRITION 179
Millions of people are still chronically hungry 179
Famines usually have political and social causes 180
Overeating s a growing world problem
High prices remain a widespread threat 182
We need the right kinds of food 182
9.2 KEY Foob SOURCES 183
ew major crops supply most of our food 183
Rsing meat production s coss nd beneits 184
Seafood is a key protein source
Antibiotics are needed for intensive pmdumun 186
9.3 Foo PRODUCTION POLICIES 186
What Do You Think? Shade-Grown Coffee

nomi
Farm policies can also protect the land 188,

9.4 THE GREEN REVOLUTION AND GENETIC
ENGINEERING 188
Green revolution crops emphasize high yields 189
Genetic engineering moves DNA among species 189
Most GMOs hnve been engineered for pest resistance
or weed c 190

Is genetic bngmcbnng safe? 191

Data Analysis: Using Relative Values 193

1 O Farming: Conventional and Sustainable
Practices 195

Learning Outcomes 195

Case Study Farming the Cerrado 196

10.1 RESOURCES FOR AGRICULTURE 197
Soils are complex ecosystems 197
Healthy soil fauna can determine soil fertlty 199
Your food comes mostly from the A horizon 200

102 Wavs Wi USE AND ABUSE SoiLs 200
Arable land is unevenly distributed 201
Soil losses reduce farm productivity 201
Wind and water move most soil 202
Deserts are spreading around the world 204
103 WATER AND NUTRIENTS 204
All plants need water 1o grow 204
Plans need ains, | buv 1t 1 204
Farming is 205
104 PEsTs AND PESTICIDES 205
People have always used pest controls
Modern pesticides provide benefits but also create
problems
There are many types of pesticides 207
What Can You Do? Organic Farming in the City 209
10.5 ENVIRONMENTAL EFFECTS OF PESTICIDES 210
s accumulate in remote places 210
Pesiicides cause a varity of health problems 211

?i

106 ORGANIC AND SUSTAINABLE AGRICULTURE 312
Sttgic mamgement o i pests 213

Useful organisms can help us control pests 213
IPM uses a combination of techniques 214

viii Contents

What Can You Do? Controlling Pests 215
10.7 SO CONSERVATION 215
Contours and ground cover reduce runoff - 216
Reduced tillage leaves crop residue 216
Low-input agriculture aids farmers and their land 217
Exploring Science Ancient Terra Preta Shows
How to Build Soils 218
Consumers’ choices play an important role 219
Data Analysis: Mapping and Graphing
Pesticide Use 221

1 1 Biodiversity: Preserving Species 222

Learning Outcomes 222
Case Study How Can We Save Spotted Owls? 223

111 BIODIVERSITY AND THE smus CoNCEPT 224
at s biodiversity?
at are species?
Molecular Acchmqucs are revolutionizing
taxonomy
How many spe:les are there?
Hot spots have exceptionally mgn blodlv:nny 25

112 How Do We BENEFIT FRoM BIODIVERSITY? 227
All of our food comes from other organisms 227
Living organisms provide us with many useful drugs
and medicines 227
Biodiversity provides ecological services 228
Biodiversity also brings us many aesthetic
and cultural benefits 228

n3 wnn THREATENS BIODIVERSITY? 229
inction is a natural process 229
We ae aceelraing exneion s 229
Invasive Species 230
Tland ecosystems are pm.enlmy susceptible
10 invasive species 23
11.4 ENDANGERED SPECIES MANAGEMENT 235
unting and fishing laws have been effective 235
Legislation is key 1o biodiversity protection 235
What Can You Do? Don lBuy Endang:rtd Species

Recory plan» mbm!d pnpu!sm)m af endangered

spec
it and i vl i endungeed secies protcton 238
Exploring Science Bison Can Help Restore Prairie
Ecosystems 239
Endangered species protection s controversial 239
What Can You Do? You Can Help msmc
Diodvrsy
Large-seale, planning is el 240
lmzmauoml wlldhl: treaties are important 241
115 CAPTIVE BREEDING AND SPECIES
SURVIVAL PLANS 241
Zoos can help preserve wildife 242
We need to save rare species in the wild 243
Data Analysis: Confidence Limits in the Breeding
Bird Survey 244

J

J population curve, 119, 120

japan
forest estoration programs, 250

Tand bank, 390
land disposal, 412

land management, 94

land tenure programs, 499
landfll, 474, 477478, 480

buming methane, 459, 478

costs, ising, 47

Frsh Kils Landl New Yor), 47,480

(2011), 437, 44142, 469
‘gcothermal springs and vents, 467
areen business developmen in, 534
life expectancies, high rate o, 141
mercury poisoning at Minamala, 353
Moju breeder reactor, 439
Ohito Declaration (1995), 32

37

reforestation progran
surface-wate quality i, 408

pIme for, 478,
Landsat? a6

Pucblo to People proj

megacity, 497
tsunami (2011), 310-311
waste-to-energy plants, 478
e pllat
wealthin,

lmmphawmrx forfuel production, 460

junk science, 47

K

Keseected species, 121
Keeling, David, 330

Kelp,pacifc, 86-87
Kennedy, John F, 26-27

Kenya, Greenbell Movement in, 99
kerogen, 432

Kerry, John, 571

Kew Gardens (England), 241
Keynes, John Maynard,

eysone speces, 8687, 257,40
Kids Saving I

Kinetc energy. 5

Kag, Mowess, T

Koran, 31
Kores, ot rstoruin progrns. 250
Kropokin, Pete, 1, 4

kudza vine, 231

Kuhn, Thomas, 47

Kuwait, agricultral water usc, 381
Kashiorkor, 183

Kyoto Protocol

L 81
LDS0, 168, 169

lead.asai pollaat, 351,352, 360-361 412
lead poisoning, 233

League of Conservation Voers, 542

learming skills, 3-5

legunes, itogen Tng by 0,70
Liopal At 195,
Libya, v.mlcr\lsngc Erh

chens

asair-pollution indicator, 77
ymbioc lonsips n, 85,95
Licbig, Justs von,

Licchtenstein, u.gm ngmul\um in. 212
life

74275, 281

clements of, 53-58
every o 961

life-cycle analysis.

nnupam, I mml 155

T lkpcl-b:m et g0
light-emiting diodes (LEDS), 47448
lghtndependentescions 60

light polution, 355

g

Limits 10 'smw The: A Reporfr the Cl
of Rome’s Project on the Predicament

liquefied natural gas (LNG), 435
Lisks, Adam, 463
e rducing, 482483
Tl e age,
T v, 107,10
livestock

concentrated animal feeding operatons, 185

2005), 20,338, 528,

L

La i
Fieaa Las Vegas, Nevada, 3

554

lakes
freshwater,
mwnlzrcnmpanmew\ 379

Tocally unwanted land uses (LULUs), 32

loguihnic e 13
logeing. See also w
se nldg’ere\munn 251,252
clear-cutting, 93,
cutand run,
in temperate forests, 255,257

Togical errors and fallacis, avoiding, 11
logical leamers, 5

logical tinking, §

logistic population growth, 119-120

long-term ecological research (LTER) programs, 282

Lo, wellads eoron, 270.271-272, 24,
2857286, 2

I ——
Lovins, Amory, 531, 533
low-cost sewage treatmen, 416
Tow-head hydropower, 464
input agriculture, 217-219
Lyell, Charles, 75

M

Mt Vange 12,22, 23,99 28
MacArthur,
MacKuy, Douglas vy
Madagascar
as biodiversity hotspot, 226,227
oy perivnle, i eed

genetc engineering of, 190
ideal growth conditions, 87
as major ood crop, 183
malaria, 157, 158, 159, 160 161, 399
malathion, 163
Malapi il s i 460
Ml conrweptve e, 14-150
mlnourish
Wl T 15, 134135, 146,522
Man and Biosphere (MAB) progranm
), 265
Man and Naiure, 21
manatees, 406
ineb, 163
mangroves, 108, 109
manipulative experiments, 42
mante,earth's,
manufictured capial, 517
manure, 458459
maramus, 183
Marburg fevers, 15
marginal costs and et 318
marine ecosystems, 84, 106-110

parks and preserves, 264
ke el 18
market forces, S28

Marsh Arabs, 285, 390
Marsh, George Perkins
Marshall, Robert, 23
marshes. |

M.)rx Karl, 135,519, 56
land, Columbia s planned community. 508

mas wasting,
Mather, Stephen, 21, 262
matter, 53
Mok, Butas, 40
MeDonough, William, 531, 533, 573

Index 605



high-temperature solar energ

Hhigh yield crops, 189

Hinduism, 3

HIPPO it dsrucion, e
Pollusion, Population, and

52454

ing).
Hispanics, environmenal acism, 33
Hispaniola, 86

i Raot ofOu el i The”

IVEAIDS: 17413, 141,155, 155-15, 161
o See also livestock
185

hydrochlorofluorocarbons (HCFC), 359
hydroclecticity, 424
hydrofluorocarbon (HFC-23), 359, 520

molecule, 54

industral waste, 474
toxic and hazardous waste, 485
toxic chemicals emissions, 355
el ron. 412

inecon ngcnh in human waste, 399400

y lecule, 54
hydrogen fuelcell-powered vehicles, 450
hydrogen sulfde, 426

I\vdmlnnlc ey 666,314

iropower, 27, 46
h\‘ym Fatisn mspmgmmg 9
I

sustainable faming, 219
Holdsworth, Andy, 91

oger, 30

ot spos, biodiversity, 225-227

Housing ind Urban Development, US.
Department of, 504

housing, energy efficient, 448

Howard, Ebenezer, 507, 508

Hubbard Brook Experimental Forest

Hubbert, Stanley, 522
human capial, 517
human development index (HDI), 526
Human Development Report (UNDP), 526
human distrbance, 112113
human lymphotropic virus (HTLV), 158
human populations
as acceleator for extnction, 233
bith dearth, 145
birth ates, 17, 137, 138, 143-144, 145
current debates abou, 135
dam s nd dispitcnent o 386,46
deathraes, 139, I

 immigration, 142-143
fertilty, 138-139, 147-148

futue of, 149-150

growh, 24-25, 133-136

historical oversiew, 133-134

larger populations, debate over, 135
life expectancy, 140-141

life span, 140-141

living longer, implications o, 141-142
Malthus and, 134-135

]

Marxand, 135
moralty, 139-
pronatlist pressures, 143

hybrid gasoline-¢lectric engines, 449450
hydrocarbons
asai pollutant, 347, 351, 355
conirols, 365
from o, 420

604 Index

h_vmmmg e 40

I

PAT formula, 136
ice caps, 377
Ieeland, 467

56,157-159
infilration, 377

inoganc ol 402, 404

Inguiry into the Nature and Causes of the Wealh
of Natons St 1

insecticides,defined, 205

insets, mutualstc relationships, 5

Tt Nasaml s Bodwen i (NBIO)
(o e, 28

igneous rocks, 300

Peope e Community Ry in Chicgo 503
savannas in, 278, 279-25

intangible esources, S
integrated gasification combined cycle (1GCC),
48,457

it es managrcn (1P 215-216

hicago, 530,
immigration, 121, 142-143
pull factors, 499
push factors,
amune system depressants, 162
incineration, 478479

types of incinertors, 479
indpendent il 35,43
index values,

India
i pollution in, 357, 368, 369, 500
arsenicin groundaer in West Bengal, 404
Chipko Andolan movemen, 254
cow dung used for fuel, 438
forest proservation in, 254

Imug\mmlmnnd Paclon Climte Change (PCC),

330331, 38,5

Inerior Depariment, US., 21, B

vomal et 20

inemational i

Inermaionsl Al»mxs El\crgy Agency
1Al

o] Comision o e Consrtionof
AdanicTunas 1CCAD 117118
International Geophysical Year,
International Insiute for Am.mm ey
etherlands), 304
Inemaions Nnckel Company (INCO), 361
intermational nongoernmental rganizations
0. 571

Interntional Rice I Pilpine. 15,41

Internaional Rivers, 386

Intermatonl Sl Refereceand nformaton Cenire
etherlands), 201, 258

2

wda River projct,displce
indigenous peaples by, 386

population contrl, I

population growih, 137, 139

infall in Cherrapunji, 22 metrs of, 374

sevage reament i e, 0

shums in M

tr ienan in Binrpal 02

Internaional Union for the Conservation of Nature
d Natural Resources (IUCN), 225, 236, 260,
63

Lumpcm.u... 5

imenpe
rpec ractions, 124
nteniae Highway Sy US. 505

intertidal zone, 107

waterpolion, oy
imlorspce, 1257
indigenous cultures, 25-
Indonesia
s ety ot ot 226,27
def

o
foret prosecio, i
informal markets in B
integrated pest managemen in, 215, 216
native land rights in, 29
il e . 460

ylowls 25
T,
volcanic zmplmn\m 15005 and 2010, 311
wetland disturbances in, 11

indoor i polluion, 355-356

inductive reasoning, in cience, 40

industry
energy consumption, 425

L83
interactions, 124-125

intraspecific spec
invasive species
estoration and conrolling, 273-274
asthrea to biodiversiy, 230
defic

fodi
i bond, 4

" Revling Loan Fund, 454
sustainable farm of Franzen family, 219
s, cwage eament, daar, 408

" enironmenal damagedu 0,382
methods, 382-

idand bmgc\iglwhy. 126
sty m.umy

iy, erupion of | T——
Izazk Walion League, 569, 570

huapyfwwmbhe.comfeunningham| e

1 2, Biodisersity: Preserving Landscapes 246

Lear

g Outcomes 246
Case Study Protecting Forests to Prevent Climate
Change 24

12.1 Woww FORESTS 248
Boreal and tropical forests are most abundant 248
Forests provide many valuable products 249
Tropical forests are especially threatened 250
Exploring Science Using GIS to Protect Central African

rests 253
Temperate forests also are threatened 254
What Can You Do? Lowering Your Forest Impacts 256
Exploring Science Saving the Great Bear Rainforest 257
12.2 GRASSLANDS 257
razing can be sustainable or damaging 258
Overgrazing threatens many U.S. rangelands 258
Ranchers are experimenting with new methods 259
12.3 PARKS AND PRESERVES 260
Vany counties have crsed e prseves 260
Not all preserves are pres
Marine ccomsems. need sreaer proecion 264
Conservation and economic development can work
together
Native people can play important roles in nature
tection 264

What Can You Do? Being a Responsible Ecotourist 265
Species survival can depend on preserve size and shape 266
Data Analysis: Detecting Edge Effects 269

13 Restoration Ecology 270
Lear

g Outcomes 270
Case Study Restoring Louisiana’s Coastal Defenses 271
13.1 HELPING NATURE HEAL 272
Restoration projects range from modest to.
ambitious
Restoration ecologists tend to be idealistic but
ragmatic 273

13.2 COMPONENTS OF RESTORATION 273

All restoration projects involve some common activities 273
13.3 ORIGINS OF RESTORATION 274

Sometimes we can simply let nature heal iself 275

Native species often need help to become reestablished 275
13.4 RESTORATION Is Goob For HUMAN ECONoMIES

AND CULTURES 277

Treeplaning can improe our ualy of e 278

Fire s often an important restoration tool 278
What Can You Do? Ecological Restoration in Your Own

Neighborhood 279
13.5 RESTORING PRAIRIES 280
re is also crucial for prairie restoration
Huge areas of shortgrass prairie are being pmmed 22
Bison help mainain prairies

13.6 RESTORING WETLANDS AND STREAMS 284
Restoring water supplies helps wetlands heal 285
Replumbing the Everglades s one of the costliest estoration
efforts ever
Exploring Science Measuring Restoration Success 287
‘Wetland mitigation is challenging
Constructed wetlands can filler water 289
Many streams need rebuilding 2
Severly dgradd or polaisd ses can be epied
or reconstructed

Data Analysis: Concept Maps 294

14 Geology and Earth Resources 295

Lear

g Outcomes 295
Case Study Earthquake! 296

14.1 EARTH PROCESSES SHAPE OUR RESOURCES
Earth is a dynamic planet
Tectonic processes reshape continents and cause
earthquakes 297

297

14.2 RoCKs AND MINERALS 299

‘The rock cyele creates and recycles rocks 300

Weathering and sedimentation wear down rocks 300
14.3 ECoNoMic GEOLOGY AND MINERALOGY ~ 301

etals are essential to our economy 302
Nonmetal lmncra.ls mclud.: gravel, clay, sand,
and gems
Exploring Scl:nce Rare Earth Minerals 303
14.4 ENVIRONMENTAL EFFECTS OF RESOURCE
EXTRACTION 30,

Mining can have serious environmental impacts 304

What Do You Think? Should We Revise Mining

aws? 305
Processing ores also has negative effects 306
145 CONSERVING GEOLOGICAL RESOURCES 307
Resycling s coegy s well malenals 307
New materials can replace 308

14.6 GEoLoGicAL Hazakps zos
‘Earthquakes are frequent and deadly hazards 308
Tsunamis can be more damaging than the earthquakes
that trigger them
Volcanoes eject gas and ash, as well as lava 311
Landslides are examples of mass wasting 311
Floods are the greatest gzologudl hazard 311
Beaches are vulnerable 3
Data Analysis: Mapping Geological Hazards 315
Data Analysis: Examining Tectonic Margins 316

15 Air, Weather, and Climate 317
Learning Outcomes 317

Case Study When Wedges Do More Than
Silver Bullets 318

Contents ix



15.1 WHAT IS THE ATMOSPHERE? 319
Absorbed solar energy warms our world 321
“The greenhouse effect is energy capture by gases
in the atmosphere 322
Evaporated water stores energy, and winds
redistibute it 322

15.2 WEATHER Has REGIONAL PATTERNS 323
Why does it rain?
The Corols ot xplinswhy winds sem
toane 324
Ocean curtents modify our weather 324
Much of humanity relies on seasonal rain 325
Frontal systems create local weather 326
Cyclonic storms can cause extensive damage 326
153 NaTuas Cuawars Vaammry 327
es tell s about climate history 327
Ear's movement explain som el 328
EI Nifio is an ocean-atmosphere cycle 329
15.4 ANTHROPOGENIC CLIMATE CHANGE 330
‘The IPCC assesses data for policymakers 330
s climate change work? 331
Posine feodbcks aceeete hange 332
How do we know recent change is human-

wsed? 332

15.5 WHAT EFFECTS ARE WE SEEING? 333
Effects include warming, drying, and habitat change 334
Global warming will be costly; preventing it might

5

the 3
Sealevel change will eliminate many cities
Why are there disputes over climate evidence? 337
15.6 ENVISIONING SOLUTIONS 338
stablish new rules and standards 338
Stabilization wedges could work now 33
What Do You Think? States Take the Lead on Climate
ange
Allemative pracices can be important 339
are many regional iniiatives 340
What Can You Do? Reducing Carbon Dioxide
Emissions 341
Data Analysis: Examining the IPCC Fourth Assessment
Report (AR4) 344

16 airpoliution 345

Learning Outcomes 345
Case Study The Great London Smog 346

16.1 THE AlR AROUND Us 347
re are many natural 2 pollutants 348

16.2 MATOR TYPES OF POLLUTANTS
Crieria pollutants were addressed first 348
Mercury and other metals are also regulated 352
Carbon dioxide and halogens are key greenhouse.

gases 353
What Do You Think? Cap and Trade for Mercury
ution? 354
Hazardous air pollutants (HAPS) can cause cancer
and nerve damage
Aesthetic degradation also results from pollution 355
Indoor air can be worse than outdoor air 355

x Contents

163 ATMOSPHERIC PROCESSES 356
Temperature inversions trap. po\lul.mls 356
Wind curtents carry pollutants worldwide 357
Stratospheric ozone is destroyed by chlorine 358
‘The Montreal Protocol is a resounding
success 359
16.4 EFFECTS OF AIR POLLUTION 360
Polluted air damages lungs
How docs polluion make us sck?
P suflercell g o ot poductiy 361
Acid deposition has many negative effects 362
Smog and haze reduce visibility 363
165 Am PouunoN ContRoL 364
s can be captured after combustion 364
What Cm You Do? Saving Energy and Reducing
Pollution 365
Fuel switching and fuel cleaning cut emissions 365
Clean ai legislation remains controversial 365
Clean air legislation has been very successful 366
16.6 GLOBAL PROSPECTS 367
Rapid industrialization and urban growth outpace
pollution controls 367
are also signs of progress 368
Data Analysis: Graphing Air Pollution Control 371

17 Water Use and Management 372
Learning Outcomes 372
Case Sludy ‘When Will Lake Mead Go Dry? 373

17.1 WATER RESOURCES
“The hydrologic cycle constantly redistributes water 374
‘Water supplies are unevenly distributed 374

17.2 MAToR WATER COMPARTMENTS 375
Oceans hold 97 percent of all water on earth

Glaciers, ice, and snow contain most aurf.lu lmh water 377

Groundwater stores large resources
Rivers, lakes, and wetlands cycle qulckly

379
‘The atmosphere is among the smallest of compartments 379

17.3 WATER AVAILABILITY AND USE 379
Many counties suffer water scarcity and water stress 380
Water use is increasing
Agriculture s the greatest water consumer worldwide 381
Domestic and industral water use is greatest in wealthy
countres 383
174 FkEusﬂEn SHORTAGES 384
Many people lack access to clean water 384
Groundwater is beng depeid 351
Diversion projects redistribute water 385
Dams often have severe environmental and
social impacts 386
What Do You Think? China’s South-Water-North
Diversion 387
Sedimentation limits reservoir life 388
Climate change threatens water supplies 388
Exploring Science How Does Desalmalmn Work? 389
‘Would you fight for water? 3

17.5 GETTING BY WiTH LEss WATER 390

Ganden Cities of Tomorrow (Howard), 507
aasoline
banning leaded, 351, 412
prices, 425
ol contamination from, 409-410, 41
Gause, G. F,
gender development index (GDI), 526
General Accounting Offce (GAO), US., 457
General Agreemen on Tarifs and Trade (GATT), 530
‘General Mining Law (1872, 305
e diverit, 24
6,121
frors cngmcmng 188192
reen revolution, 189
pest resistance and weed contrl, engineering for,
190-191
safety of, debate over, 191-192
technigues, 189-190

Gore, AL 469, 571

Gould, Stephen Jay, 79

‘Grameen Bank, 515, 530-531

Grameen Phone, 531

rasshopper effect, 211

grasshopper transpor, 358

raslands, 257258
g nd ovrgraing 255-259

Great Backyard Bind Count, 565
Great Barier Reef, 264
Great Bear Rainforest, 257, 261,265

Great Lakes, 386, 398, 399, 407
Great 2

08

531533

e 159-191 X

encties recce

conservation, 126-127 ancient, 30

DN &
relarionships, 224-225 Green Belt Movemen, 23, 278

o saic s, 76 Green Building Council, US., 572

enomes, reen buildings, 48

enuine. pm"mw index (GPI), 526 reen business, 331-535

Geographic 15),253 business models

‘eographic solaton, 79
‘geological hazards, 308-313
Geological Survey, U.S., 262,
methane sources, datd o, 4
mining data, 304
MTBE in groundwater, data on, 410

destruction as extinction threat, 229-230
sink, 12
source, 128
bl comervaion s (HCP), 238
hadal zone, 107
Hadiey el 323, 24
Hait

in,25
DI0ctqa n, 295,256,208
Hales,Stephen,
tuogers, m.rp\.u.mmu 353355
n, Jam

v G 522573
Hardy-Weinberg equilibrium, 126
Hawaian Islands
captive breeding programs, 241,242
endangered species in, 240-241
bt o of snd of Ruwsi, 41

brownfilds, 485
490

effciency and, 533-534
fast growth o, 564, 566
reen consumerism, 534, 568-569
reen plans, 556-557
ereen pricing, 4

59

Georgia, bungmwmmAllnnu 504,507
gemhenml enerny, 467468

H pollnuon eucion e Germany

ooV, 495,456,497
dioin emissions control in Bremen, West
Germany,
reen planning in, 509
ducton in, 340

e wbatn, S08.510
567-568

Greenbell Movement (Kenya), 99

ercentield developments

el 21, 3,458

reenhouse gases, 16, 67, 322, 331-332, 336, 464, 554

Greenland

defined, 45
exporting, 476477
ol ks sheical, 0,491

legislation, 486487
permanent retrievable storage, 490491
physical trcatment o,

processing,

production ofles, 488489

ol nequis nd 481

ecycling, 485.

retricvable )lumg\, 490
491

87
ice sheets, 327, 377
lileice age in, 328

465

wind energy us
Jaciers

shrinking glaciers, 334
as water compartment, 377, 378
‘lass-walled sunspacefgreenhouse, 451, 452
Genn A2
Glendening,
kel lnae mange i
imate change on, 16

Kyoto Protocol on, 338, 528
bl wegos, 3. 9
hortages due o, 388-389
Glokal Emironment MoecngSysen. 368
elobal environmentalism, 2
bl vaming Se gl i change

E\ufc:ml(e‘ )
osate (Roundup), 190, 207, 208, 210

ym\wlnhm California, 225, 511

‘old, mining, 305, 307

‘Goldman Prize, 23, 24

Greenpeace, 569, 571

Grinnell, George Bird, 21

erizzly bears, 128, 235, 237

‘ross domestic product (GDP), 25, 28,
161,336,447, 525

eross national product (GNP), 525

‘roundwater
coaminaion, 409411
depe

wate rmmpmmcn\ 7378
Grove Wil
Growing Por
Grumbine, R.E., 241
uanine, 57

uest workers, 143
Gudlnes o Susainable Bdngs TS
Gl o Spi oo 42,423, 24, 430,431
GulfStream, 324, 376

lly erosion, 203

H

HINI virus, 81

habitat
conservation, 1§
defined, 77

sorage of, 490-491

antibiotic and pesticide resistance, 160-161
conservation medicine, 159-160
ol sl e v ol 11
defined,
dietas aymmg
diseas eb«m.\,mngmg, 55156
discase, defines
et e 156, 157-159
ealth hazards

“Healihy Forest Iniiative”, 544
eap-leach extracton, 306-307
art disease, 156

heat
defined, 58
s release of energy, 54-55
Heinselman, M. L. 280
herbicides

ransgenic crops, 190

et 3,85, 848685

igh-level waste repository, 44

High-Temperature, ot Resctor
(HTGCR), 438439

Index 603



ethic. See also environmental ethics
defined, 29
i ool b, 0
on v

alue

e proservaion and,

Eopi sefuge ampe Addm Ababa, 502

ethylene dibronide (EDB), 4

Europe. See also individual Sontics
waste-t-energy plaats in westen, 4

Eumpenn Agency for Sn!ely ok o vk 165

European Clime Ex.
European Prjet for s (‘mmg 8
European Union
demanufactuing, 483
posure 10 oxias, data on, 165, 167
hydrogen fucl-ell-powered vehicles,
research on, 450
el ndvaste ncicrain,
of, 485

mm S picile,adoption o, 541
cutoptic ake, 401
cutrophication, in marine ecosystems, 402

Farm Bill(1985), 265
Federal Agency for Tovic Substances and Discase
Registy, 3
Federa ey Manigent Agey
MA), 3
feedin nn!h -

fenity, 513,61, 14718
fertlization abilty, 143
fertlzers, 204-205

fire adapled grasslands/forests, 94
fi

res
forests, 278-280
management, debatc over, 255-256
for praie restoration, 281-282
savannas, 278-279
firewood, 204, 249, 250, 356, 457458
Firs Nations people
and Great Bear Rainforest, 257
o perks o o, 65
fish

Everglades National Park (Florida, restorai
efforts, 286, 288

wululmmr) species concept (ESC), 224
ewaste,
ol ain, 168
executive branch, 530-552
existence value, 228
experimental design, and science, 4
exponential growith, in populations, i3
exteral costs, 518
extinction

acceleratng raes, 229-23(

commercial products and, s

defined, 229
Dt desrcton a 20-290
human population a extincton accelerator, 233

i comystem o ucepible 0, 232
live specimens collecting and, 234-235

Esson Valde,oi spill, 423, 432, 476,549
ExxonMobil Cﬂlpuullﬂn. 8,425

F

faith bm comeron, eneonmeaal
1

nvmm . 3-89

e metad, 14514

defined, 148

fertlty control, 148
velopments in, 149

worldwide use of contracepives, 149-150
famines, 135, 180-181

602 Index

e reciiaion dumage o, 362
blucfin tuna, 116, 17-118, 119

363

endangered species in wetlands, 111, 284
Tead sho, data o use of, 233

food resources, 16, 183-156. See also nution
major crops, 183-184
meatand dairy, 184-185

scafood, 185-186
ol fond g, o, 15183

Ford, Henry. 3
Forest Landscape Restoration nitaive, 277
Forest Service,

ecosystem wmrmnemenl 256

fire control policy, 2

old mining permits, s

historical overview, 21, 274

National Report on Sustainable Forests, 256

oadless Area Review and Evaluation, 255

forests, 248-257

acid precipitation damage i

i
boreal, 8-
climate zlmvg: mvd pmveumg, "
sl caop

cloud, I

oo, 108,105,113

fire management, debate over,
forest products, 249-250
and global warming, 38, 42
loging e ogging
- growth forests, 249, 255
pmmcmm 252,254
temperate (see temperate forests)
wopical (see wopical forests)
formaldehyde, 162, 355, 356
Fortune magazine, 389, 532
fosslfuel, 16, 17, £24-425
founder effect, 126
fracking, 434, 435

France, SuperPhenix breeder reactor, 439
Frankenfoods, 191

Franklin, Jery, 255

frec.rider problem, 522

recovery plans for endangered species,
prepaation of, 237238
pecics protectin, lawsuils over 237, 238
fish adders, 387
fishing
commersit sanon. 28

fagship p«
Flannery, Mait e 515

lorida
endangered manatees in, 406
Sprin

ystems, 110-112
acid precpitation, effects of, 362-363
lakes, 110
sreams estoration, 285, 289-291
wetlands (see wetlands)

Fricdman, Milion, 532

Friends of the Earth, 22, 569

fuelassembly, 436
e cel vehicls, 450
e cels, 456457

similaritics, 456-457
fuehwood, 249, 457458

energy
Everglades National Park, 286, 288
Florida Keys, manipulative experiments in,

i mumg/\mwsm Delaney Clause, 170

349

Fukushima-Daiichi nucar reactors accident,
Japan (Q011), 437, 441442, 469

08

fumigants,
fungicides, 205
imigation, 382

G

Galdpagos Islands, 75,79, 81

U
appm»al of new bith control products, 149
carcinogens i food. 170
sl it cops, ol on. 191

food chains, 62, 6

Gandii, Indie. 140
o

);!m':nques.)lﬂ 508

huapyfwwmbhe.comfeunningham| e

17,6 INCREASING WATER SUPPLIES 391
Domestic conservation can save water 391

" a
Prices and policies have often discouraged
conservation
What Can You Do? Saving Water and Preventing
Pollution 393
Data Analysis: Graphing Global Water Stress
and Scarcity 395

18 Water Pollution 396
Learning Outcomes 3%

Case Study Protecting Our Nation’s Water 397

18.1 WATER POLLUTION 308
Water pollution is anything that degrades water
ality

18.2 TYPES AND EFFECTS OF WATER POLLUTANTS 399

Infectious agents remain an important threat to human
health 399
Bacteria are detected by measuring oxygen levels 400
Nutrent enrichmen leads to cultural eutrophication 400
Eutrophication can cause toxic tides and “dead zones” 401
Tnorganic pollutants include metals, salts, acds,
2

Explormg Science Studying the Dead Zone 403
Organic pollutants include drugs, pesticides, and other
vl whiances 404
Sediment also degrades water qualty 405
“Thermal pollution is dangerous for organisms 406

18.3 WATER QuALITY TobaY 406
Clean Water Act protects our water 406
“The importance of a single word 407
Water quality problems remain 407
Other countries also have serious water pollution 408
Groundwater is hard to monitor and clean
e are few controls on ocean pollution 411
18.4 WATER POLLUTION CONTROL 412
ource reduction i often the cheapest and best way 1o reduce
pollution
Controlling nnnpmm sources requires land
management

What Do You Thmkl Watershed Protection in the

atskills
Haan vaste dispose oxcurs sy whe csneniions
are low 413
Wt remediion may invole consinmen, exiacion, o
Phytoremediation
18.5 WATER LEGISLATION 417
“The Clean Water Act was ambitious, bipartsan, and largely
successful
What Can You Do?  Steps You Can Take to Improve Water
uality
Clean water reauthorization remains contentious 419
Other important legisltion also protects water
quality 419

Data Analysis: Examining Pollution Sources 421

19O Conventional Energy 422

Case Study GulfOil Spill 423

19.1 ENERGY RESOURCES AND Us
ow do we measure energy? 424
Fossil uels supply most of the world's energy 424
W do we use energy? 425
192 CoaL 426
Coal resources are vast 426
Coal mining is a dirty. dangerous business 426
Bumning coal releases many pollutants 428
Clean coal technology could be helpful 42§
19301 429
Have we passed peak oil? 429
What Do You Think? Ultradeep Drilling 430
Like other fossil fuels, oil has negative impacts 431
Ol shales and tar sands contain huge amounts
of pettoleum 432
194 Naruas Gas 433
of the world's known natural gas s in a
Moo 455
New methane sources could be vast 433
What Do You Think? Coal-Bed Methane 434
Gas can be shipped to market 435
Other unconventional gas sources 435

19.5 NUCLEAR POWER 436
do nuclear reactors work? 436
There are many different reactor designs 437
Some altemative reactor designs may be safer 438
Breeder reactors might extend the ffe of our
nuclear fuel
19.6 RADIOACTIVE WASTE MANAGEMENT 439
We luck safe storage for radioactive wastes 44
Decommissioning old nuclear plants is expensive 441
19.7 CHANGING FORTUNES OF NUCLEAR POWER 441
Data Analysis: Comparing Energy Use and Standards
of Living

2. Sustainable Energy 445

Learning Outcomes 445
Case Study Desertech: A Partnership for Renewable
Energy 446
20.1 RENEWABLE ENERGY 447
ere are many ways (o save energy 447
Green buildings can cut energy costs by half 448
Transportation could be far more efficient 449
202 SOLAR ENERGY 451
Solar collectors can be passive or active 451
What Can You Do? Some Things You Can Do to Save
Energy 451
High-temperature solar energy 452
Public policy can promote renewable energy 454
Potoolecels gt clocriiy diecly 454
‘Smart metering can save mone;

Contents



203 FUL CELLS 436
All fuel cells have similar components 456
204 BiowASs ENErc 457
n burn biomass 457
M:lhane from biomass is clean and efficient
Ethanol and biodiesel can contribute to fuel supph& 459
Cellulosic ethanol may offer hope for the future 460
Could algae be a hope for the future?
205 HYDROPOWER 462
‘alling water has bc:n used as an energy source since
ancient time
Exploring Scl:nce Can Biofucls Be Susainable? 463
206 Winn
‘Wind could meet all our energy needs 465
We need a supergrid 466
207 OTHER ENERGY SOURCES 467
Tides and waves contain significant energy 468
Ocean thermal electric conversion might be useful 468
208 WhaT'S OUR ENERGY FUTURE? 469
Data Analysis: Energy Calculations 471

2.1 Solid, Toxic, and Hazardous Waste 472
Learning Outcomes 472
Case Study Plastic Seas 473

211 SoLb WASTE 474
‘The waste stream is everything we throw away 474

21.2 WASTE DisposaL METHODS
Open dumps release hazardous materials into
air and water 475
Ocean dumping is nearly uncontrollable 476
‘We often export waste to counties ill-equipped
to handle it
Landfll receive most of our waste
Incineration produces energy but causes pnnmm 478

21.3 SHRINKING THE WASTE STREAM 479
Recycling captures resources lmm garbng: 419
Recycling saves money, materi

and energy

What Do You Think? I:nvuonm:mal Jusuce 481
Recycling plastic is especially difficul
Commercial-scale recycling and composlmg are arcas

of innovation 3
Demanufacturing is necessary for appliances
and evaste 483
Reuse is even more efficient than recycling 484
Reducing waste is often the cheapest option 484
What Can You Do? Reducing Waste 485

21.4 Hazarpous AND Toxic WasTEs 485
Hazardous waste must be recycled, contained,
or detoxified 485
Superfund sites are those listed for federal cleanup 487
Brownfields present both liability and opportunity 488
Hazardous waste storage must be safe
Exploring Science Phytoremediation: Cleaning Up Toxic
Waste with Plants 489

xii Contents

What Can You Do? Alternatives to Hazardous Houschold
Chemicals 491

How Much Do You Know About

Recycling 493

Data Analysis

7,2, Usbanization and Sustainable Cities 494

Learning Outcomes 494
Case Study Vauban: A Car-free Suburb 495
22.1 URBANIZATION 496
ies have specialized functions as well as large
‘populations 497
e cities are expanding rapidly 498

22.2 Wiy Do Crttes Grow? 4
Tmmigration is driven by push and pull factors 499
Government policies can drive urban growth 49

22.3 URBAN CHALLENGES IN THE DEVELOPING WORLD 500

affic congestion and air quality are growing

Insufficient sewage treatment causes
llution
Many cities lack adequate housing 501
22.4 URBAN CHALLENGES IN THE DEVELOPED WORLD 502
What Do You Think? People for Community

ery S

Urban sprawl consumes land and resources 504

Transportation is crucial in city development 505

Mass transit could make our cities more livable 506
22.5 SMART GROWTH 507
s and few lowns were early examples

of smart growth

New urbanism advanced the ideas of smart growth 508

Green urbanism promotes sustainable cities 509
What Do You Think? The Architecture nrHope 510

Open space design preserves landscapes
Data Analysis: Using a Logarithmic Sczle 513

2.3 Ecological Bconomics 514
Learning Outcomes 5i4
Case Study Loans That Change Lives 515
23.1 PERSPECTIVES ON THE ECONOMY 516

Can development be sustainable? 516

Remumﬂ can be renewable or nonrenewable 516

lassical economics examines supply and demand 518

Neoclassical economics =mpnmm erowth

assigns cost to 5
Iudz pmmmnmg, mgummg,

23.3 POPULATION, TECHNOLOGY, AND SCARCITY 522
Communal property resources are a classic problem
in ecological economics 522
Scarcity can lead to innovation 523

mying capa
classial, 5155
communal prﬂly Resourees, 522-523
defined, 516
demand, 518
ccological cconomics, $19-522
environmental, 516
srowth scenarios, comparison of, 525
measuring growth, 525527
neoclassical, 519
open access system, 523
perspectives, 516-519
scarity, 523524
trade, intemational, 529-530
ecosystem managemen, forests ind, 256
comysem s, 21
ecosystems

island ecosystems, suscepibilty 1o invasive
ies, 232
marine, 84, 106-110,
phosphorus cycle in nqu:mc i
shallow water, 87
temperate forest, 87
ecotones, 90

o e ot v . 254
edgec"zm 90,266,269

eical communities, 90,92
m.mumg England), 22
effluent sewerage, 416
Egypt

LakeNases,wnr bt i 464

age treatment in Cairo, 501

Eimich. Pa, 136,224 524

decicty

Endangered Species Act, US. (ESA), 235-237, 238,
418, 545, 547

endemic plan species, 8.
docine dspis, 162163

-

alemaive enerey sources, 365

ol (see col)

conservation, 447448

consunpion, 425425
defined, 58, 424

oot 8

fossilfuels (see fossl fuels)

forlife, 9-61

nucear (see nuclear energy)

i

environment

government role in, 547-545
historical oversiew, 542-544
i, $48-850
Iubbymg

U emonmen o, 543
Tepltony eencien, 551552
SLAPPue S0
satute law,

environmental memy, 562-563

vicnmeral i, s

influcniia, 369-5

Emimmens Prtormance ndex EPD, 526

environmental policy
basic principles, 340-542
corporate money influences on, 541-542
cyele, poliy, 546
defined, 540
public avareness and action and, 542

environmental protection,jobs creation
and, $34-535

Environmental Protection Agency, US, 551
air pollution, data on, 347, 353, 360, 366
ot iy sandards, daa o, 49
e i

Cacer . dota o, 161
Chesapeske Bay, dsaon, 2,53
coal burning, data on, 42
coliform bactria, regulaion of, 400
crcation of, 543

problems, 555-556
et condions, 152
ined, 1
dful:\l[puvmy
environmental mmm 1517
human populations and, 134-135
information and education, 1§
et o, 2)
signs of hopr.
Em.mmm c;..m 556
33,570

m

environmentl toxin, data o, 167

el ey of psnger eicls, o, 49
water polluion, 4

Eomioo o ot of, 161

Jation, debate
mnmvmmlnp remmz\ mining i on, o
d data on, 206, 207, 404405

Corommentl oo 316
environmental education, 562
ook,

e

e ienc, 56356
leacy P
i

ey consumption by p 425
from nuclear plnts, 436

cectonc vaste ¢ vase), 476

electrons,. 53

clements. 5

elepmnl:,Alman 51500

emﬂﬂemduemn a159
ertics,

nigon, 131, LI

ension i 52

cmphy

. 36
ndangered pecis
acts as key to protection, 239-240
12

environmental effects of resource
extracton, 304-307
30

environmental ethics, 2

2

i o syl e 30

moral value in, 30

enironment] foprin, 25

Environmental Grant-Making Foundaior
tal health. See health,

sk acepiance 172,14
fivers and streams survey.
solid waste, data on U.S. ymnmmn of, 474
Superfund stes and, 488
1ol maimm il st 407

entory, 3

wmwnmmn S

emionmestal iewe
fined, |

o dimcasons o, 24-26
Enionmeal Vorkag Group, 18,211,542
environmentalism, 2
environmental q\mhl) and social progress, 23-24
20

environmental impctstatements (EIS), 544
envirnmentl jusice

defined, 3
ool s, 3,481
movemen, 481

wal ) 1992),33

Comaton o e Tocs Endangered
Speses CITES) 24

huning i fishing Lm, eueuwem. of,235
importation of et

products, 234-2 i
large-scale, regional planning, 240-241
private land s essential 0, 238
recovery plans, 237-238
in wetlands, 111

environmental I
adminisraive law, 350-552
adversaral spproaches, 549-550
case law, 548-550
civil law, 549
common law, 549
courtsystem, 548549
criminal law, 549-550
criminal prosecution, 54955
executive branch, 550-552.

slobal
historical versi
startof, 23
enzymes, 5§
epigenome, 17
epilimnion layer, 110
o

cover crops, use of, 216
soil, 202-203
s anthe Pl of Ppsiton
hus), 75, 134-13
couer 08,10
ethanol, 459-460, 461, 463

Index 601



creatve thinking,
eredit, in emissions trading, 528
mia 3450

er pollutants, 348, 366, 545
el o 76
citcal imits, 76
ritical-thinking skill, 2, 8-10, 11,47
Crockett, David, 53
crude birth rae, 138
e, 19, 4

357,350
piin pecies . 126

cultural capital, 517

cultural eutrophication, 400-401

culture, environment and, 134-135

cutand run logging, 2

‘Cuyahoga River, Ofio, 396,397, 3

cyanide, usein metal processing. o
cyclones, 326

cyclonic storms, 326

cyclonic winds, 324

cytosine, 5T

Crech Republic,susainable development in, 27

D

Dai Qing. 24

ooy o 386387
dam. carthquake, 386
ecosystems, a.«ng: 10, 386387
failures, 46

human populmm splcemen o, 86,463
hydropow

impacton yyme

removal, 387

sedimentation, 355

optimistic view, 146

women'srighs and, 147-148
demographics 130-143

defined, 136
Denmark

climate conference in Copenhagen (2009),

555,561

green planning in Copenhagen, 509

ercen plans, 55

renewable energy islands n, 458

solar power in,

wind energy use, 463

wind pover n, 341, 458
denstependentpopultionfors

Ab:lm\y mma:m pupummn factors,

dwx\n\wnudcu o (DNA). See DNA
yribonuclei acid)

decnd:ncy ratios, 142

dependent variables, 35, 43

depression, 156

dslmion, 84,399
T emrgy project,
446,450, 452

desertification, 203, 204, 258

saiaion n, 501
 reatment in, 501
i rdon, 95, 500-502

onersaton declopment, 11
ercenfield developments, 509

% 2,26,
3 devel d
Darvin, Charles, 74, digbetes, 156, 164
DDTMKMBmdlphznyImcmomﬂhmve)‘ 163 Diamond, Jured, 126
banning, 20 diarthea, 1
e onscamiion biomagnification, 166 dieldrin, 167
as chlorinated hydrocarbons, 208 diesel e

discovery of, 206
historical overviw 206
indisriminate use of, 211
use in malaria-prone countres, 160
as water polluant,

dead 7ones, 203, 400, 401402, 403

death rates, 137, 139, 141, 145146

decp-sea thermal vents, 107, 108

Deepuiater Horizon accident, Gulf of Mexico (2010),

422,423, 424,430,431
decr, white-ail population, debate over, 122

g i 383
Delucchi, Mark,

i i it conoics, 18
demanufactuing, 4

sraphic borlenecks, 126

demographic transition, 145-148

defined, 143

development, role o, 145-146

600 Index

i oo from, 360,365,431
eficency of, 450
Bigh ol ent crop ordiesl .

diet nﬂcnlmg i 164
dioxins, 162,405, 479

double-blind experimens, 43
drip irigation, 383

doughn 256,33, 300381389
s ey s, 71-228
Duany. Ands

Duck Siamp yet (1934288
Docks Ui, 59
duckweeds, 4

Dunping on Drw (Bullad), 481
dang 3%

mg.AV n. 29,264
et i polluant, 352, 3
dustbowl, in Great Plains ( wm. 30
dust domes, 356

E

earth
carbon cycle, 67
composiion, 297
gl 5-66
lay.

nt uencydz 6870
hosphors e, 0

picure

planct o, 23,297

sulfurcycle, 70-71

tectonic processes, 297-299
Earth Charter Council, 575
Earth Day (1970), 23
earth-imaging stelies, 65
Earth Island Intitute, 22
carbuabes

cause,

dam-induced, 386
effects of, 308-310
nd Fulkshins Dt e, (211,

Hait, Zml\unm\mkem 205,296, 308
San Francisco carthquakes
(1906 and 1989), 309
Exthvich 51

licin siess prci
oo sl prks

:cu]uglul diversiy, 224
cologicl coonomic, 519-522
engincering.-

mxogum foopein cals.uh\mg‘ 19
s, 1

cLu]uglul p)mmuh. s
ecological siructure, 8§
ogical 0

¥ ¥9), 156
discharge, ivers, 379
disease burden, 155-156, 161
diseases, infections, 17, 156, 157-159
Disney Corporation, 30, 549
dissolved oxygen (DO) content, 400
disturbance-adapted species, 94
disturbances

i biological communites, 93-94

ined, 0

human diswrbance, 12113
insystems, 46
disulfde (pyrie), 70

diversity, inbiological communities, §7-88, 89-90

DNA (deoryribonucleic acid),
in genetic engineering, 189
i naturalselecton, 76, 79,80

ecology
bldersiycnogcl beneis o, 228

defined, .
zcnlnglml footprint,calculating, 19
landsc:

Eaoloy of Commeree, The (awken),

cconomic geology and mincralogy, 301304

See also mining
conservation of geological resources,
1308

el 02
s il for o, 08
Sonmtal mineral, 302
recycling, 307-308
Economic Policy Insitut
economic thresholds, 214

huapyfwwmbhe.comfeunningham| e

Carrying capacity is not necessarily fixed 524
Economic models compare growth scenarios 525
234 MessurG Growti 525
s our dominant growth measure 525
Nhemt st s o v being 526
Cost-benefit analysis aims to optimize benefits 526
23.5 MARKET MECHANISMS CAN REDUCE POLLUTION 528
Using market forces 5
Is emissions trading the answer? 528
Sulfur trading offers a good model 529
Carbon trading is already at work 529
23.6 TRADE, DEVELOPMENT, AND JoBS.
International trade brings benefits but also intensifies
inequities 530
Microlending helps the poorest of the poor 530
237 GREEN BUSINESS 531
New busiess sl fllow concepts of ecology 531
What Do You Think? Eco-Efficient Business
Practices
fliciency starts with product design 533
sumerism gives the public a voice 534
Environmental profection creates jobs 534
What Can You Do? Personally Responsible
Economy 534
Data Analysis: Evaluating Human Development 537

2 4 Environmental Policy, Law,
and Planning 538

Learning Outcomes 53§

Case Study Can Policy Protect Elephants? 539

24.1 Basic Concepts IN POLICY 540
Basc priniples uide enironmental plicy 541
Corporate money influences policy
Publc areneseand action sape pliy

24.2 MAIOR ENVIRONMENTAL LAWS 542
NEPA (1969) establishes public oversight 544
“The Clean Air Act (1970) regulates air emissions 544
“The Clean Water Act (1972) protects surfuce water 545
The Endangered Species Act (1973) protects
wildlife
‘The Superfund Act (1980) lists hazardous sites 546

24.3 How ARE POLICIES MADE?
Congress and legislatures vote on statutory laws 547
Judges decide case law 548
Executive agencies make rules and enforce laws 550
How much government do we want? 552

244 lmmmwu CONVENTIONS 552
jor International Agreements 353
Eniorcement ofen depends on national pride 554
24.5 NEW APPROACHES To POLICY ~ 555
Community-based planning uses local knowledge 555
Green plans outline goals for sustainability 556
Bolivia's Law of Mother Earth

Data Analysis: Examine Your Environmental Laws ~ 559

2.5 What Then Shall We Doz 560

Learning Outcomes 560
Case Study 350.org: Making a Change 561
25.1 MAKING A DIFFERENCE 562

25.2 ENVIRONMENTAL EDUCATION 562
Environmental literacy means. umlcn\andmg our
environment 562
Citizen science encourages everyone 1o partcipate 563
Environmental careers range from engincering to
education 564
Green business and technology are growing fast 564
Exploring Science Citizen Science and the Christmas
Bird Count~ 565
253 w“u CAN INDIVIDUALS. Do" 566
ow much is enough?
We can choose (o mduc: our cnvlmnm:nml m.pms 567
“Green washing” can mislead consumers
What Can You Do? Reducing Your Impdc\ 567
Certification identifies low-impact products 568
Green consumerism has limits
25.4 How CaN Wi WoRrk TOGETHER? 56
National organizations are influential but sometimes
complacent 569
New players bring enerey to environmental policy 570
International nongovernmental organizations mobilize
many people 571
25.5 CAMPUS GREENING 572
Electronic communication is changing the world 572
Schools can be environmental leaders 57
Your campus can reduce energy consumption 574
25.6 SUSTAINABILITY Is A GLOBAL CHALLENGE 574
Data Analysis: Campus Environmental Audit 578

Glossary 579
Credits 593
Index 596

Contents xiii



Preface

P

ENVIRONMENTAL SCIENCE Has
NEVER BEEN MORE IMPORTANT

A serene tropical coastline, shown on the cover, invokes some of
the profoundly important, diverse, and fascinaring environmenal
systems that you can explore in environmental science. Though
we live firmly on dry land, our lives are intricately tied to life
offshore. Coastal coral reefs, salt marshes, estuaries, mangrove
forests, and seagrass beds sustain three-quarters of all commer-
cial fish and shellfish during some part of their life cycles. These
species are the main protein sources for at least 1.5 billion peo-
ple, onefifth of all humanity, and are important nutritional
sources for billions of others. Oceans, which store and distribute
heat, strongly shape our climate and ecosystems on land.

These systems are also increasingly vulnerable to our actions,
Overfishing and destructive harvesting techniques imperil marine
ecosystems. Since 1989, 13 of the 17 major marine fisheries have
declined dramatically or become commercially unsust
Commercial fisheries settle for smaller and smaller species, as
more populations disappear. Pollutants, plastic debris, and nutri-
ents washing off the land surface severely contaminate marine
systems. Climate change and warming seas threaten valuable
coral reefs, and ocean acidification, resulting from high carbon
dioxide emissions, debilitates corals and shellfish. We don’t know
when the ocean systems we depend on might reach a tipping
point and spiral into instability.

What can we do with such challenges? Plenty. A first step is
o understand the issues and systems better by studying environ-
mental science, as you are now doing. As we begin to understand
environmental systems, we have some hope of working to keep
them stable and healihy. As you read this book, you may discover
many ways to engage in the issues and ideas involve
mental science. Whether you are a biologist, a geologist, a chem-
ist, an economist, a political scientist, a writer, or an artst or poet
who can capture our imagination, you can find fruitful and inter-
esting ways o engage with the topics in this book.

Another step is to understand how our policies and economic
decisions influence the systems on which we depend. We've
spent far more money traveling to the moon than we have explor-
ing the ecological treasures on earth and under the sea. We spend
more effort debating climate change than it would cost to address
it. We often follow shortsighted policies, degrading habitats and
biodiversity or exploiting energy resources unsustainably.

At the same time, there is abundant evidence of the progress
we can make. Human population growth is slowing almost every-
where, as education for women and economic stability allow for
small, well-cared-for families. New energy technologies are prov-
ing 10 be reliable alternatives to fossil fuels in many places. Solar,
wind, biomass, geothermal eneray, and conservation could supply
all the energy we need, if we chose to invest in them. We have
also shown that we can dramatically improve water quality and
air quality if we put our minds to it.

vernments around the world are the costs
of environmental degradation and are taking steps to reduce their
environmental impacts. China has announced ambitious plans to
restore forests, conserve water, reduce air and water pollution,
and develop sustainable energy supplies. China has even agreed
10 reduce greenhouse gas emissions, something it refused to con-
sider when the Kyoto Protocol was signed a decade ago.

In the United States, there has been renewed respect for both
science and the environment. Citizens and voters need to remain
vigilant 1o protect the status of science in policy making, but
experienced scientists have been appointed to goverment posts
previously given to political appointees. President Obama has
involved scientific evidence and analysis in guiding federal pol-
icy. He has taken many steps to safeguard our environment and
its resources, and public support for these steps has been over-
whelmingly enthusiastic. Grants and tax incentives are supporting
more sustainable energy and millions of green jobs.

Businesses, 100, now recognize the opportunities in conser-
vation, mcyclmg. producing nontoxic products, and reducing
their ecological footprints. Many are hiring sustainability experts
and beginning to recognize environmental impacts in accounting.

This is a good time to study environmental science. New jobs
are being created in environmental fields. Public opinion supports
environmental protection because the public sees the importance
of environmental health for the cconomy, society, and quality of
life. College and university students are finding new ways to
organize, network, and take action 1o protect the environment
they will inherit.

Ecologist Norman Meyers has said, “The present has a
unique position in history. Now, as never before, we have techni-
cal, political, and economic resources to solve our global envi-
ronmental crisi if we don’t do it now, it may be too late
for future generations to do so.” We hope you'll find ideas in this
book to help you do something to make the world a better place.
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WHAT SETS THIS BOOK APART?

As practicing scientists and educators, we bring to this book
decades of experience in the classroom, in the practice of sci-
ence, and in civic engagement. This experience can help give
students a clear sense of what environmental science is and why
it matters.

A positive viewpoint

Our intent with this book is to empower students to make a dif-
ference in their communities by becoming informed. critical
thinkers with an awareness of environmental issues and the fac-
tors that cause them and some ways to resolve them. IU’s easy to
be overwhelmed by the countless environmental problems we
face, and certainly it is essential to be aware of these issues and
10 take them as a wake-up call. I is also essential t0 see a way
forward. Throughout this text we balance evidence of serious
environmental challenges with ideas about what we can do to
overcome them.

We recognize that many environmental problems remain
severe, but also there have been many improvements over past
decades, including cleaner water and cleaner air for most Amer-
icans, declining hunger rates and birth rates, and increasing
access 10 education. An entire chapter (chapter 13) focuses on
ecological restoration, one of the most important aspects of ecol-
ogy today. Case studies in most chapters show examples of real
progress, and “What Can You Do?" lists give students ideas for
contributing to solutions.

A balanced presentation encourages
critical thinking

Critical thinking is an essential skill, and environmental science
provides abundant opportunity to practice critical analysis of con-
tradictory data, conflicting interests, and opposing interpretations
of evidence, Among the most important practices a student can
learn are to think analytically about evidence, to consider uncer-
tainty, and to skeptically evaluate the sources of information. We
give students many opportunities to prcie cnncal lhmkmg in
brief “Think About It” questions, in “What
ings, in end-of-chapter Discussion Qucsuons, i Lhmughcut e
text. We present balanced evidence, and we provide the tools for
students to discuss and form their own opinions

 also devote a special introduction (Learning to Learn) to
an explicit examination of how to study, and how o practice
critical, analytical, and reflective thinking.

Emphasis on science

Science is critical for understanding environmental change. We
emphasize principles and methods of science through the use of
quantitative reasoning, statistics, uncertainty and probability. Stu-
dents can practice these skills in a variety of data analysis graph-
ing exercises. “Exploring Science” readings also show how
scientists observe the world and gather data

An integrated, global perspective

spotlights the of

concerns, as well as economies. To remain competitive in a global
economy, it is critical that we understand conditions in other coun-
tries and cultures. This book provides case studies and topics from
regions around the world, as well as maps and data showing global
issues. These examples also show the integration between environ-
mental, social, and economic conditions at home and abroad,

L™

Google Earth™ placemarks

‘Throughout this book you'll see small globe icons that mark top-
ics particularly suited to exploration in Google Earth. This online
program lts you view amazingly detailed satellte images of the
earth that will help you understand the geographic context of
these places you're studying. We've created placemarks that will
help you find the places being discussed, and we've provided
brief descriptions and questions to stimulate a thoughtful exploration
of each site and its surroundings. This interactive geographical
exploration is a wonderful tool to give you an intemational perspec-
tive on environmental issues.

ou can download placemarks individually (from
www.mhhe.com/cunningham12e) or all at once (from
EnvironmentalScience-Cunningham blogspot.com). You'll also
find links there for downloading the free Google Earth program
as well as suggestions on how (o use it effectively.

Active learning resources

“The Google Earth placemarks, questions for Discussion and Crit-
ical Thinking, “Think About It” notes, and other resources are
designed 10 be used as starting points for lecture, discussion in
class, essays, o other active learning activities. Some data anal-
mple polls of classes, which can be used
for graphing and interpretation. data analysis exercises vary in
the kinds of learning and skills involved, and all aim to give
students an opportunity to explore data or documents on their
own, o conduct their own evaluation and learn about the resources.
available to them. These activities can serve as starting points for
lab exercises as well as independent projects.

'WHAT’s NEW IN THIs EDITION?

OF the 25 chapters in this book, 17 have new opening case stud-
ies, which introduce new developments, classic cases, and key
ideas and problems for a chapter. Discussions of many topics are
updated, with the latest available data used throughout the book.

Specific changes to chapters

+ Learning to Learn has a new boxed essay that explores
ritical reading of the news (*How Do You Tell the News
from the Noise?”) as well as revised discussions of critical
and analytical thinking strategies.
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Chapter 1 opens with a new case study about Rizhao,
China, where 99 percent of all households use solar
collectors for water heating. Rizhao claims 1o be the first
carbon-neutral city in the developing world. Updates are
also given on Brazil's reduction in forest destruction by
about two-thirds in the past five years, while protected
areas have increased nearly fivefold in two decades.

Chapter 2 has a new case study demonstrating the design
of field experiments to test the effects of climate change
on boreal forests. The case study shows how fiel
experiments are similar to and yet different from controlled
lab approaches to understanding environmental change.
Chapter 3 has a new opening case study on nutrients in the
Chesapeake Bay watershed and a data analysis exercise on
the Chesapeake environmental report card.

Chapter 4 includes two new boxed readings, one on the
evolution of influenza strains, which shows evolution in
action as well as offering important insights into
community health; the other examines the ecological
effects of carthworm invasions in northern forests, a
surprising and important example of species interactions.
Chapter 5 opens with a new case study discussing
reforestation by Kenya’s Greenbelt movement. An
expanded explanation of climate graphs precedes the
discussion of biomes,

Chapter 6 begins with a new case study on population
biology of the overfished bluefin tuna, a subject of ongoing
disputes over endangered species listing. A new Exploring
Science reading about how we study population viability in
fish accompanies the new case stud)

Chapter 7 includes a new boxed reading on China’s highly
successful but controversial one-child-per-faily policy.
“This provides an opportunity o discuss family planning,
population control, and demographic trends. World
demographic data have been updated to the latest available
information. A new data analysis feature includes links to
and questions about interactive population data with the
revolutionary data visualization tools of GapMinder.org.

Chapter 8 opens with a new case study about the dangers
of bisphenol A (BPA). The heartening story of the control
of guinea worms has moved to an Exploring Science
reading. Conservation medicine has been enhanced with
short case studies about white nose disease in bats and the
worldwide Chyridomycosis epidemic in amphibians. An
Exploring Science box introduces the important topic of
epigenetics and the role of environmental factors in a wide
variety of chronic discases.

Chapter 9 provides updated data on hunger and obesity,
new discussion of why food costs rise despite falling farm
income, including factors such as palm oil and ethanol,
and climate change, and a section on the economics of
food production and agricultural subsidies. Discussions of
seafood and other meat protein sources are expanded.

Preface

Examination of herbicide tolerance and genetically
modified foods has been updated.

Chapter 10 has a new boxed reading on the Growing Power
urban youth farming program and a new data analysis box
on graphing pesticide usage. Updated and revised discussions
of pest control, pesticide usage, and organic and sustainable
agriculture have been added. New reports on UN studies
reporting the importance of sustainable techniques for
improving global food production are added.

Chapter 11 opens with an updated case study on
protecting northern spotted owls. This chapter introduces
some novel invasive species, including Asian carp and the
emerald ash borer, and a new Exploring Science box
considers the role of bison in prairie restoration.

Chapter 12 has a new opening case study on an
unprecedented partnership between Norway and Indonesia
to protect tropical rainforests as part of the UN REDD
(reducing emissions from forest destruction and
degradation) program. We discuss rapidly increasing palm
oil production in Southeast Asia, and the importance of
tropical peatland protection in reducing carbon emissions.
Efforts 10 save temperate rainforests in Canada are
described in a new Exploring Science box.

Chapter 13 the opening case study for this chapter is on
restoring Louisiana’s coastal wetlands which takes on
added importance after the 2010 Gulf oil spill. The history
of ecological restoration and the goals and techniques of
successful restoration projects are reexamined in light of
recent disasters as well as global climate change.
Chapter 14 includes a discussion of the 2011 tsunami

in Japan and a new opening case study on the 2010
earthquake in Haiti that killed at least 230,000 people and
left millions homeless. A new Exploring Science box
explains the crisis in high-tech manufacturing in 2011,
when China (which currently produces 97 percent of the
total world supply) cut its exports of rare earth metals by
half to protect domestic production of electronic
components. A new section examines dams, water
diversion projects, and sedimentation in reservoirs.

Chapter 15 has revised discussions of climate circulation,
energy in the atmosphere, storms, and climate history,
including lessons from the 800,000-year record from
EPICA ice core data, which doubles the 400.000-year
Vostok core record. We have revised discussions of how
climate change works, what greenhouse gases are, and how
we know that recent change is anthropogenic. A new
section considers some of the reasons we dispute climate
change. A new boxed reading details houschold CO,
emissions, and an updated discussion of climate solutions
ends the chaper.

Chapter 16 has a new opening case study on the Great
London Smog, which helped to redefine our ideas about
air pollution. Discussions of criteria pollutans, CO,, and
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halogens are updated, including the relative impact of
different halogens. We also present recent findings on
economic benefits of the Clean Air Act.

Chapter 17 opens with a new case study on declining
water levels in Lake Mead. Expanded coverage is given to
the importance of freshwater in daily life, causes and
effects of shortages around the world, and desalination,
a new but expensive freshwater source in coastal areas.
A new boxed reading looks at China’s current project to
channel water 1,600 km north from the Yangize River to
the dry plains around Bejing.

Chapter 18 focuses on the origins of the Clean Water Act
inits case study. The Exploring Science box on the Gulf
dead zone has been updated to include effects of the 2010
Gulf oil spill. Living machines, rain gardens, and other
natural systems for treating polluted water are discussed.
Chapter 19 has a new opening case study on the causes and
effects of the 2010 Gulf oil spil. Uttradeep drilling s explored
further in a new boxed reading that explains how wells are
being diilled in more than 4,000 m of water and up to 10,000
m beneath the ocean floor. Estimates that we have already
passed “peak oil” are discussed, along with alternative ways
that we could obtain and use fossil fuels more effciently
including carbon sequestration. Questions about unconve
sources, such as the very deep and tight Marcellus shale
formation in the eastern United States, and Canadian tar sands
are examined, along with ideas about a “nuclear renaissanc

Chapter 20 has a new opening case study about
Desertech, an ambitious plan to link about 36 large new
concentrating solar plants in North Africa and the Middle
East with at least 20 offshore wind farms through a vast
system of high-voltage direct-current undersea transmission
lines 1o provide most of the electricity used in northern
Europe. We examine the latest advances in capturing
renewable energy, including wind, solar, geothermal, and
biomass, which many analysts say could supply all our
energy if we invested in them now.

Chapter 21 opens with a new case study on Papahinau-
mokuikea Marine National Monument, a national treasure
that is threatened by plastic marine debris. Discussions of
e-waste, municipal solid waste, waste disposal methods, and
Superfund and hazardous waste management are updated.
Chapter 22 has a new case study on Vauban, a car-free
suburb in Germany, and an expanded discussion of mass
transit and the growth of private avtomobiles in both the
developed and developing countries

Chapter 23 provides an updated discussion of economics,
including expanded discussion of cost externalization. The
chapter also has expanded discussions of ecological economi
including ecosystem services and accounting for atural capital

Chapter 24 has a new case study examining the Convention
on International Trade in Endangered Species (CITES), as
well as a revised discussion of policy formation, including
the impact of the Supreme Court’s decision in the Cilizens
United case on campaign financing. There are revised

discussions of international conventions, enforcement, and

the importance of citizen action in policy formation.

Chapter 25 opens with a new case study about 350.0rg, a
new global, youth-oriented organization working on climate
change. New environmental leaders are featured, including
Majora Carter and Van Jones, who combine environmental
concerns with social justice.
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GUIDED TOUR

A global perspective is wital to learning about environmental science.

Case Studies

Atthe start of each chapter, case studies utilize stories to por-
tray real-life global issues that affect our food, our quality of
life, and our future. Seventeen new case studies have been

of environmental protection progress.

Google Earth™ Placemarks
This feature provides interactive satellite
imagery of the carth to give students a geo-
graphic context of places and topics in the
text. Students can zoom in for detail or they
can zoom out for a more global perspective.
Placemark links can be found on the website
hitp://www.mhhe. com/cunningham 1 2¢.
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many regions of the world. Students are exposed to the fact tat environ-
mental issues cross borders and oceans.
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Critical thinking skills support understanding of environmental change.

Exploring Science

Real-lfe environmental issues drive these readings as students learn
about the principles of scientific observation and proper data-gathering

techniques.

‘What Do You Think?

This feature provides challenging environmental studies that offer an
opportunity for students to consider contradictory data, special interests,
and conflicting interpretations within a real scenario.

Data Analysis
At the end of every chapter, these exercises ask students o graph and
evaluate data while critcally analyzing what they observe.
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Sound pedagogy encourages science

Learning Outcomes

Found at the beginning of each chapter, and organized by
major headings, these outcomes give students an overview
of the key concepts they will need to understand.

Conclusion
This section summarizes the chapter by highlighting key

inquiry and application.

Learning Outcomes
Afer studying his chapter; you should be able to:

20.1 Describe renewable energy resources.

202 Explain how we could tap solar energy.

203 Grasp the potential of fuel cells.

204 Explain how we get energy from biomass.

205 Summarize the prospects for hydropower.

206 Report on the applications for wind power.

20.7 Visualize the uses of waves, tides, and geothermal energy.
208 Discuss our energy future,

"CONCLUSION

ideas and relating them to one another.

i g Learning O

REVIEWING LEARNING OUTCONES

Related 10 the Learing Outcomes at the beginning of
each chapter, this review clearly restates the important
concepts associated with each outcorme.

Critical Thinking and Discussion
Questions

Brief scenarios of everyday occurtences or ideas challenge
students o apply wha they have learned to their ives.

Practice Quiz
Short-answer questions allow students to check their knowl-
edge of chapter concepts.

‘What Can You Do?

“This feature gives students realisti steps for applying their

Think About It

These boxes provide several opportunities in each chapter
d

apply scientifc principles.

1522« CRITICAL THINKING AND DISCUSSION GUESTIONS

FRACTICE QUIZ

Bt e

Saving Energy and Reducing Pollution
* Comerve snerey: cpo, ks, wal, e pbic rsnspor, nd
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(oo chape 20 orother gt
Dot e pollting <yl gslioscnies il o
el modesare vl for avmowers,bost motors.
By ofrigetors ad i conditoners desigd for CFC

Think About It

What barriers do you see to walking, biking, or mass transit
in your hometown? How could ciies become more friendly to Sus-
tainable transportation? Why not write a letter to your city leaders
or the editor of your newspaper describing your ideas?

tives. I you have o appliancs o oher CFC soutes,dispose of
them responsily

+ Planta tre andcare for it (every year),

+ Wit o your congresional representativesand support  ransi-
tion (0 an energy-eficient economy.

1 green-picng aptons are avalable in your ares, buy renewable
encrzy.
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Y

sellvake T oo 01090 it
um oxide extracted rom crushed

zero population growth (ZPG)  The number of births
‘atwhich people are just rplacing themselves; also

d.and
protect wildife; due to politcal and economic
pressures,refuges offen allow hunting, rapping.
mineral exploitation, and other actviies that

o oxygen:a et of veimgair
water scarcity Annual ayailible e sup-
plics less than 1,000 m’ perperson.
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windbreak R

level of ety
et et Upe sl ers i b i

onc o laching Th ayer of s o bt the
topsoil where water percolates, removing solu
ble Jate in he subsoil

wind flow, reduce sail erosion, and protect sen-
sitive crops from high winds.

zone of saturation  Lower soil layers where all
spaces are filled with water.

hutpsffwembhe.comfeunningham1 Ze

Teaching and Learning Tools

& connect

Eﬂ lenvironmental science

McGraw-Hill Connect” Environmental Science is a Web-based assign-

entand asessnnt plfom hat give studnts he means o btter con-

nect with their coursework, with their instructors, and with the important

conceps that they will need to know for success now and in the future.
With Connect” Environmental Science, instructors can deliver

assignments, quizzes, and tests online. Nearly all the questions from the

text are presented in an auto-gradable format and tied to the text’s learning

P It i i g g o s o

problems,

ALearnSmart

MecGraw-Hill LearnSmart™ is available as an integrated feature of
Connect™ Environmental Science and provides students with a GPS
(Guided Path to Success) for your course. Using artificial inelligence,
LearnSmart™ inteligently assesses a student’s knowledge of course con-
tent through a series of adaptive questions. It pinpoints concepts the stu-
dent does not understand and maps out a personalized study plan for
sucses. This innovative sty ool also has festures thtallow instuctors
1o see exactly what accomplished, and a bu

ool for graded assignment:

o inslaron t he el overll_ith detaled gndc vepﬂns, integrate
‘grade reports easly with Learning Management Systems (LMS) such as
‘WebCT and Blackboard”, and much more.

By choosing Connect Environmental Science,instructors are provid-
ing their students with a powerful tool for improving academic perfor-
mance and tuly mastering course material. Conneet Environmental
Science allows students to practice important skills at their own pace and
on their own schedule. Tmportanly, students’ assessment results and
instructors” feedback are al saved online—so students call continually
review their progress and plot their course t0 success

Some instructors may also choose ConnectPlus” Environmental
Science for their students. Like Connect Environmental Science.

ments and assessments, plus 24/7 online access to an eBook—an online
edition of the text—10 aid them in successfully completing their work,
wherever and whenever they choose.

“To leam more, visit
awhilleonn

www.me tcom

the site below for a demonstration.
www.mhl

rmsmart.com

My Lectures— McGraw-Hill Tegrity™
MeGraw-Hill Tegrity records and distributes your class with just a click
of a button. Students can view anytime/anywhere via computer, iPod, or
‘mobile device. It indexes as it records your PowerPoint” presentations and
anything shown on your computer 5o students can use keywords to find
exactly what they want 10 study. Tegrity™ is available an integrated fea-
re of Connect Science or as standalone.

Guided Tour xd



Online Teaching and Study Tools
“Text Website: http://www.mhhe com/cunningham12e

Electronic Textbook

CourseSmart s a new way for faculty (0 find and review eTextbooks. I's
I . i

Ewironmental Science: A Global Concern. Isiructors can obiain teach-
ing aids by calling the Customer Service Department a 1-800-334-T344,

Presentation Center (ISBN-13: 978-0-07-733714-8;

ISBN-10:0-07-733714-X)

Presentation Center is an online digital library containing assets such as

photos, artwork, PowerPoints, animations, and other media types that can
lectu

compelling course websites, and attractive printed support materials. The

following digital assets are grouped by chapter

Color Art Full-color digital files of illustrations in the text can be

readily incorporated into lecture presentations, exams, or custom-

made classroom materials. These include all of the 3-D realistic art

found i this edition, representing some of the most important

concepts in environmental science.

Photos Digital files of photographs from the text can be reproduced

for multiple classroom uses.

‘Tables Every table that appears in the text s provided in electronic

format,
* Vidoos Thisspoial clletionof 6 uderwater vido lips dipays Aﬂ"uﬂl Editions:
iteresting habit many

CourseSmart the
most commonly adopted textbooks across hundreds of courses from a
wide variety of higher education publishers. It s the only place for faculty
1o review and compare the full text of a textbook online, providing imme-
diate access without the environmental impact of requesting a print exam
copy. At CourseSmart, students can save up to 50 percent off the cost of a
print book, reduce their impact on the enironment, and gain access to
powerful web tools for learning including full text search, notes and
highlighting, and email tools for sharing notes between classmates,
www CourseSny

Learning Supplements for Students
Website (www mhhe con/cunningham 2¢)
The A Global C

resources such as multiple-choice practice quizzes with immediate foed-
back and grade, Google Earth links and questions interactive maps, ani-
mation quizzes. and a case study libray.

Animations One hundred full-color animations that illustrate many
ifferent concepts covered in the study of environmental science are
available for use in creating classroom lectures, testing materials, or
online course communication. The visual impact of motion will

d

11/12 by Sharp

(MHID: 0-07-351556-6)

This Twenty-Eighth Edition provides conve-

nient, inexpensive access to current articles

selected from some of the most respected maga-
nd

Test Bank A computerized test bank that uses testing software to
quickly create customized exams i available on for this text. The
wser-riendly progra allows instructors to search for questions by
topic or format, edit existing questions or add new ones; and
seramble questions for multiple versions of the same test. Word files
of the test bank questions are provided for those instructors who
prefer to work outside the test-generator software,

Global Base Maps Eighty-eight base maps for all world regions
and major subregions are offered in four versions: black-and-white
and full-color, both with labels and without bels. These choices
allow instructors the lexibility to plan class actvities, quizzing
opportunities, study tools, and PowerPoint enhancements.
PowerPoint Lecture Outlines Ready-made presentations that
combine art and photos and lecture notes are provided for each of
the 25 chaplers fte text. Theseolines an b wed astheyare or
tailored to reflect your preferred lecture:

Organizational features include: an annotated
listing of selected World Wide Web sites; an
annotated table of contents; a topic guide; a gen-
eral introduction; brief overviews for each section; and an instructor’s

with Using Anmual Editions in the Class-
roomis also offeed as a practcal uide for nsiuctos.

Taking Sides: Clashing Views
on Environmental Issues,
Expanded Fourteenth Edition by Easton
(MHID: 0-07-351445-4)

‘This Expanded Fourteenth Edition of Taking
Sides: Environmental Issues presents two addi-
tional current controversial issues in a debate-

PowerPoint Sldes For instructors who prefer (0 create their
lectures from scratch, all illustrations, photos, and tables are
preinserted by chapter into blank PowerPoint sldes for
convenience.

Course Delivery Systems With help from WebCT and
Blackboard®, professors can take complete control of their course.
content. Course cartridges containing website content, ol

testing, and powerful student tracking features are readily el
for use within these plaforms

xii Guided Tour

and develop critial thinking skill. Each issue is ~ [EMEIMEINESE
thoughtfully framed with an issue summary, an
issue introduction, and a postscript. Taking Sides
readers also feature annotated lstings of selected
World Wide Web sits. An instructor' resource guide with esting material
is available for ach volume. Using Tuking Sidesin he Classroom s also an
excellentinsiructor resource.

symparic speciation  Species that arise from 4
common ancestor duc to biological or behav-
foral bartiers that cause reproducive isolation
cven though the organisms lve in the same
place

synergism _An ineraction in which one substance
exacerbates the effects of another. The sum of

the interaction s greatr than the pars,

synergist ‘When an injoy caused by
sure to w0 environmental factors together is
grcate than the sum of cxposure 1o each factor
individually.

ystemic A condiion r pocess thataffcts the whole

thermodynanics, second law  With each succes-
sive energy transfer or transformaton, less en-

engy i available 0 do work.

thermosphere  The highes! atmospheric zone; a e
o f . e gaes o the mesopers
extending oul 1o sbout 1,600k (1000 m)
from the earth's surfce

Tird Word Levdeveloped counrie hat e o
cither capitalistic and industrialized (First

roplnl eaahets Foress o which sl i
wndan s 200 80, e

and temperatures are warm 10 hot year-1 mmvd
Amplu.l seasonal forest  Semi-cverzteen or partly
mm«um lorewv: s eding covrd open wood.
ith scattered,
ﬂmughl esant e specis disinct wek ind

dry seasons, hot year-round.

tropopause The boundary betwieen the troposphere

{Second o ot ended o der
hreatened specis A pecis il abundmvl
e of i ol range o
e

trpephete sy of i s 0 s s
satace ot emperure and presars ally
Screase wi crasing st

sstems Networks of neaction among muny in-
terdependent factors

T

taiga The northemmost edge of the boreal forest,
including species-poor woodland and peat de-
posits; intergrading with th arctc tundra

tailings Mining waste left after mechanical or
chemical separation of minerals from crushed

taking Unconsiitational confiscation of private

on the verge of extincton in certain regions or
throughput The flow of enerey and matter into,

tidal station A dam built across 4 narrow bay or
estuary that traps tide water flowing both in and
out of the bay. Water flowing through the dam
spins turbines atached to clctric generators

tide pool Depressions in a rocky shoreline that are
oded i high et off o e ovn s

nmnmme m o, e ighet i cdge
arks the beginning of the trecles
ulvmemn i

ar

technological optimists Those who believe that
tsclogyd s wl fadures
for all our problems. Also caled Promethean
eminneslisn,

tectonic plates  Huge blocks of the carh's rust that
slide around slowly. pulling apart 10 open new
ocean basins or crashing ponderously into each
other 0 create new,larger andmasses,

emperseriiret The oo, dee, iy nm
of the n

tornado. A violen! storm characterized by strong
swirling winds and updrafts. Tomadoes form
when a strong cold front pushes under a warm,
moistair mass over the and.

tort law  Court cases that seck compensation for

famages.

total fertility rate The number of children bom to
an average woman in a population during her
entie reproductivelife.

nother
nach o h time; dominated by g coifers
temperature A measure of the speed of moion of 1

ovelying colr s rppng plleanis sess
vel.

{ertogens. Cheicals o ther actrstat specf
cally aise tnormallis g enbryonic
erowth and develoy

erracng Shaping h et v sheves o
arth to hold water a extensive
hand labor or expensive machinery, but enables

resling fom bk, det, i, sod

(ol i daly loads (TMDL)Theamounc
of paticular pollutants that a water body can -
ceive from both point and nonpoint sources and
still meet water quality standar

toxie mlamnlnm S e v ok

tsunami move rapidly

from the center of a submarine carthquake: can
100 20 meters high when they reach shor

e bt of cen housds of lemeters

llmdn Tl:e\ess an.m. or e e cmmw
arsh wine

i polenml for ot my ot of e
year, vegetaton includes low-growing perennial
plants, moses, and lichens.

U

mcomventona i polants Tovi o hraions
substances,such as asbes ne, beryllium,
e, poeoated b\phmyl»‘ and vinyl
chloride, not lisied in th original Clean Air Act
becauseat that ime they were ot released i large
quaiios oo cald et ol

uncomventional o es such as shale oil and.
e s |Im o he ligufed nd ved e i

underne s than
o pemm ot mmry ke cra
long time period; they lack energy for an acive,
productive e and are mre susceptibie o infec-
tious diseases.

undiscovered resources  Speculative o
s or o that e et xen lhDugM
about

universalits Those who belee thtsome fnda-
‘mental ethical principles are universal and un.
chanin. In this wsion, e i are
vl ediss of e conet ot st

territoriality _ An intense form of inraspecific com-
petion in which organisims define an area sur-
rounding their home site or nestng site and
defend it, primarily against other members of
i own specics

fentary tratmemt The ol of orgaic i
i s s e iy o -

Ar, reatmentof sewage.
hermal plame A plin of ht watr dischared
into a stream or lake by a heat source, such s

thermocline In wate, a disinciive temperature
wransition zone tha separaes an upper layer
that i mixed by the wind (the epilimnion) and
3 colder decp et s ot mised (e
hypolimaion)

hermogyeamies A brash of physes ta dels
wilh transfers and conversions of enerzy

or created; e, energy is conserved.

upwelling ents within b
TRl sy Aty i O cam u\lmem o botom s
Superund Amendments and Reauthorization .
Actof 1984 ha reqires mafactuing facili
ot many cit
ties an o fesinto  large metropolian area
materas. rhan ares
toxins_Poisonous chemicals hat et wih specfc e ot detly desndent o ol e

cellular components 1o kill cells o to alier
rowth or development in undesirable ways; of-

based occupations
o nereasing concenation of the
population in ifies and a ransformation of land

tenh
tradable permits _Pollution quotas or vriances that
ombelaugtor ok,
tragey o the com nexorable process of
Waradaton of o ommina oo o . ¢
selfishness of “free riders” who use or destroy
more than their fair share of common propery.
See apen access system,
transitional zone A zone in which populitions
fum 0o mors ot commalis et

e oo ne Corporate accounting that re-

ports social and environmental costs and ber
s weln el sronomic o
trophic evel A sep in e movenent of rey

through an ccosystem; an organis
status n an ecosysiem.

ecding

use 03
willarin comerrtion A phloghy bt
s should be used for the geatest good for
the glnheu number for the longest im.
tarianism _ See uilitrian conservation.
tarians ~ Those who hold thatan action s right f
it produces the greatest good for the greatest
nuniber o people

v

values An estimation of the worth of things: sets of
ethical belicfs and preferences that determine
peope's e of ight nd rong

verbal learner - Someane who understands and re-
e bt by itenin 0 e spoke word
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secondary succession  Succession on a site where.

species A population of morphologically similr or-

s«ondnrv Am!mtm Bacterial decomposition of
articulates and dissolved organic
wmrollnm it remain aher ey sovags

cure andill A sli-vaste disposa st ned
and capped with an impermeable barrier o pre-
vent leakage or Ieaching. Drain tles, sampling
wells, and vent systems provide monitoring and
pollution control.

selves but that camnot produce fertie offspring

when mated with oher organisms
species diversity The number and relative abur-
dance

strip mining Removing surfuce layers over coal
scams using giant carth-moving cquipment (o
create 2 huge open pit; coal is scoaped up by
hines and trans-
e by ks maleutive o dosp e,
struct

‘species recovery plan A plan for restoration of an
endangered species through protection, habitat
management, captive breeding, discase control,
or other techniques that increase. populations
and encourage survival,

place long enough, or s cosered with enough ma
ferial, 1o compact o stone; examples include

ston, breccia, and conglomerates.
Sedimentation The deposiion of organic maerials
or minerals by chemical, physical, or biological

res Facton i e evioumes ot
favor the successful reproduction of individuals
posssng comin bl st i o

duce the viability and fertlty of individuals that

seriously undernourished Persons who receive
less than 80 percent of ther minimum daily ca-
loric requirements
shantytowns Setlements created when people
move onfo undeveloped fands and build their
n shelirs with cheap or discarded maerials.
Some e simply kgt subdvsons where 3
It el D

sprawl ity bound-
aries that lowers population density, consumes
open space, generates freeway congestion, and
cases decay in cenral ciies.

Spring overturn  Springtime lake phenomenon that
ccurs when th surfaceice melts and the surface:
e emperiur vams s s densty

tion, bolh wum o functional, in community
Student Environmental Action Coalition (SEAC)
Sdentsed emironmenal orgaation
s both an umbrell oganization and a grassoots
to faclitate environmental action and

mmum on college campuses,
et ‘which one tectonic plate
i pmhed down below another as plates erash into

other

subsidence A setting of the ground surface caused
by the collapse of porous formations tha result
from a withdrawal of arge amounts of ground

4C and then
g, st b vl

wate, oil
subsoil A layer of soil beneath the topsol tha has

squatter town
out oviner's permission. Some are highly orga
nized movements in defiance of authorities;
others grow gradualy

of fine mineral particles; often contains soluble:
compounds and clay particles carred down by
percolating watr,

sulfur eyel

among the physical and biologial facors in an
ccosystem o

which sulfur moves into or out of storage and

stable runoff The fraction of water avilable year-
round: usually more important than total unoff
when determining human uscs.

re lnd
et voion T eling off of i ayersof sl
from the land surface: accomplished primarily
by wind and w
sick building syndrome Headaches, alergics,
chronic fatigue, and other dby

fn
urbanized region with at st 100,000 inhabitant
with sirong economic mm sl e 08 o
ity of at least 50.000 ps
sanding The nght o ke vﬂmn legal proceedings.
state shift A permanent or long-lasting change in &

P
e

significant numbers  Meaningful numbers whose.
accuracy can be verified.

sinkholes A large surface crater caused by the col-
lapse of an underground channel or cavern; often
triggered by proundwater withdraval

sludge A semisolid mixture of organic and inor-

statisties Numbers tha let you evaluate and com-
pare things.

statute faw  Formal documents or decrees enacted.
by the legisative branch of government

statutory kaw  Rules passed by a stae or national
egislatre,

steadystae economy  Carctrizd by ow bith

sewage reatment plant.
slums Legal but inadequate mulifamily tenements
rooming houses; some are cusiom built for

ent o poor people, others are converted from
some other use.

s vt Effin s of o ad
exising urban infrasruct

smeling Heaingares 1o exict metls

smog. The term used to describe the combination
of smoke and fog in the stagnant air of Lon-
don; now often applied to photocheical pol-
uian products or urban air pollution of any

socal justice Equitable access o resources and the.
beneits derived from them;  system that recog-
nizes inalenable rights and adheres (0 what is
air, honest, and moral,

A complex mixtue of weathered mineral mate-
i from rocks, partally decomposed organic
molecules, and a hostof living organisms.

ol horioas Horzonal eyr e el sy

g

m,yt]mg of e, nd cophuis cn durabil-
effciency, and stabili

tewariip A phitsopy it blds i hmans

have a unique responsibilit to manage, care for,

sulfur dioxide A colorles, corosive gas directly
damaging to both plants and animals

Superfund A fund esiablished by Congress 0 pay
for containmen, cleanup, or remediation of
abandoned toxic waste sites. The fund is fi-
anced by s pad by o wasie oo

trecovery from cleanup p

oty “he uanity ofaprodut being e for
sale at various prices,other things being equal

surace mining The miving of minerls rom su-
fce i e i,

surface soil - The first true ayer of sol; the layer in
i organic el i ived wih mira
particls; hickness ranges from a meter or more
under virgin pririe to 2ro in some deserts.

surface tension A condition in which the water sur-
Tace meets the ai and acts ke an elastc skin

sk The e of spoplan ey

ing a give the proporiion of th
i i spn o the et reached by sny
individual

sustainability ~Living within the bounds of nature
based on renewable resources used in ways thit
don'tdeplete nonrenewable resources, harm es-
sential ecological services, orlmit th abilty o

butare
brought merely to inimidate and harass private

eco-
strategic metals and minerals  Materials 4 country sl ysem umrdwy ol comentg,
essental for

materials or rocesses. mmmmmy
stratosphere The zone in the atmosphere extending  sustainable development A real increase in vell-

h
above the carth's suface; temperatures are sia-
ble orrise slightly with atitude; has very litle
water vapor but i ich in ozone.

stratospheric ozone The ozone (0) occurring i
the sratosphere 10 10 50 km above the earls

stress-related diseases  Discases caused or aceenlu-

eing and sandand of e orthe average person
can be maintained over the long-term without
degrading the environmen or compromising the
abilty o futue generations 0 meet their own s

sustained yield  Uslization of & renewable resource.
ata ate that does not prevent the resource from
being fully renewed on  long-term basi.

soll p.um et hym e ions ot
make upa sol in  partcular place.

Southern pine forest A U.S. coniferous forest co-
system characteized by a warm, moist climate,

speciation  The generation of new species.
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strip farming Planting different kinds of crops in
alemnating stips along land contours. When one:
crop i harvested,the other crop remains 0 pro-
tect the soil and prevent water from running
straight down a hll

swamp A wetland with tres, such as the extensive.
States.

‘swidden agriculture  See milpa agriculure.

‘symbiosis The intimate lving together of members
of two different species; includes mutualism,
commensalism, and, in some classifications,
parasiism.
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Field & Laboratory Exercises
in Environmental Science

Seventh Edition, by Enger and Smith
(ISBN: 978-0-07-290913-5; MHID: 0-07-290913-7)

with hands-on
exprinces tht s rlevant,easy 1o understand, pplcale (0 the St
den’s life, and presented in an interesting, informative forma. Ranging
from field and lab experiments to conducting social and personal assess-
ments of the environmental impact of human activiies, the manual pres-
ents something for everyone, regardless of the budget or facilities of each

D
with any introductory environmental textbook.

Global Studies: The World

at a Glance,
Second Edition, m Tessema
(ISBN: 978. MO8-0;

MHID: 04)7—340408%)

‘This book features a compilation of up-to-
date data and accurate information on
some of the important facts about the
world we live in. While it is close to
impossible to stay current on every
nation’s capital, type of government, cur-
rency, major hnguages. population, reli-
gions, political structure, climate, economi more, this book is
intended 1o help students to understand these. et ot i onlet 10
make useful applications.

Sources: Notable
Selections in
Environmental Studies,
Second Edition, by
Goldfarb

(ISBN: 978-0-07-303186-6;
MHID: 0-07-303186-0)
This volume brings together primary
source selections of enduring intellec-
tal value—classic articles, ~book
excerpts, and research studies—that
ave shaped environmental studies and
our contemporary understanding of it The book includes carefully edited

and present
ing major areas of study: energy, environmental degradation, populat
issues and the environment, human health and the environment, and envi-
ronment and society.

Student Atlas of
Environmental Issues

by Allen (ISBN: 978-0-69-736520-0;
MHID: 0-69-736520-4)

‘This atlas is an invaluable pedagogical
100l for exploring the human impact on
the air, waters, biosphere, and land in
every major world region. This infor-
mative resource provides a unique
combination of maps and data that help
students understand the dimensions of
the world’s emvironmental problems
and the geographical basis of these

roblems.
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selected species  Specics that tend to have rapid
eproduction and high offspring mortliy. They
frequently overshool the carrying capacity of
their environment and display boom-and-bust
life cycls. They lack intrinsic population con-
trols and tend to occupy lower trophic levels in
than k- ulz:un species
nce from a common an-
el o 1w o o e specis
radioactiv

rehabilitate To rebuild elements of structure or
function in an ecological system without neces-
sarly achieving complete restoration (o its
reinlcondion
abliaton of bod A wiixin prog o
"k a e el 0 b
Those vho e "t ol s
s dependent o the particular situaton.
remediaton Cleting p chemial conuninans
fuma ol e
renewable resour sourees normally replaced
or vep\emdved by e processes; resources.

e

rock cycle The process whereby rocks are broken
down by chemical and physical forces; sedi-
e are moved by o, vt md grsy

e o, et mmmu.ua o
new forms.

rotaonal graing Confing sl 1 4 sl
b e o aly 4 dy o )
before \mflmt',lh:m 102 new locs

b o b el 1

of energy

rdioncive decay A chnge in e e of i
actve isolopes that spontancausly emit high-
energy electromagnetic radiation_and/or
subatomic particles while gradually changing

different elemen.

radionul
rainforest A forest with high humidity. constant
temperature, and sbundant rainfall (generally
over 380 cm (150 in] per year;can be tropical

or temperate.

rain shadow A dry area on the downwind side of a
mountin,

rangeland - Grasslands and open woodlands sitable

forlvestock grazin
rational choice  Publi decision making based on
reason, | c

wliren
and fisheies, biological organisms, and some
biogeochemical eyces

reveable waler mpples Annl svtr s
fice rnolf plus annual nfilraton inlo under-
ground reshir aquifers it e acessble
for human use,

replication Repeting studies or ests 10 verify
eliabil

reproducibilty The capacity fo a particulr esu

Funoft
the main source of surface water and, in brosd

current of only a few kilometers per hour
rural area An area in which most residents depend
on agriculture or the harvesting of natural re-

reproductive isolation Barrirs (zcographical, be-
havioral, or biological) that prevent gene flow
between members of a specics.

residence time The length of time & componen,
such as an individual water molecule, spends in
 prtclar compatnent o ocaon befors i

recharge zone  An area whre water inflates an

aquifer.

reclamation Chemical, biological, or physical
cleanup and reconstructon of severely contami
Tt o deadd S 0 e 10 s
thing ik thei original opography and vegetaion.

recoverable resources  Resources accessible with
current technology but not cconomical under
e oo

re-cre entirely

yel

resionce. The iy of s commty or oy dem
o tecoter from disturbances.

resistance (inertia) The ability of a communty o
reist bing chnged by poenialy duptve
events

resource In cconomic terms, anything with poten-
e crang welhor o lcion
ree paritioning In a biological commur

arious popilions shaing niromment

et mom il communy o repace on

en destroyed on tha or another site.

myennz Reproocnin o dscaied maeis it
new, useful products; not the same as reuse of
materials for thei original purpose, but the
terms are often used nterchangeably.

sl A oplton esposin o boom o i

i specialization, therchy reduc-
2 direct s.umpenlmn Seealso ecological niche.
resource searcity A shortage or deficit in some

resration Eigag sametin bock 08 ormer
contion, o et vles i
manipulion of nature 1o eaeae condions
roanc

S

Scarme An Sabopd cue tht dec g

[ A —
sodium chloride)in  given volume of waer.
nfaton A s i ich il sl s
multe in ing planis; oceurs when
il dry cimates e e profsely
saltmarsh - Shallow welands along coastlines that are
o ey sty vl scavaer
saltwat Movnat of vt i
s e here ground-
ater s i st s e,
salvage logging Harvesting timber killed by fire,
disease,or windihrow,
sample To analyze a small but representative por-
o f s populaion st e chartrs-
the entir clss
sﬂmulv landfills A landfil in which garbage and
nicipal waste are buried every day under
crough soil or 1l o clminte odors, v,

1

ute, single-celled marine organisms called i restorston gy Anares of slogy ks aumlme
fagellues Biliomat esecelscarsccamine o repair or savannas
i protected bays, where the toxins they contain human actons. scavenger Amugammlhm feeds on the dead bodies
cn pms(nmmummn:hk riders  Amendments atahed to il n confrence of other organist
science

. o e s
we energy and water, nd increase crop yields.
rellctve ki sk it s il )
former A devie ta s ydrogen o fols

o i ey e adied

ill erosion  The removal of thin layers of soil by
litlerivulets of running water tht gather and cut
small channels in th soi,

risk The pr able will

refuedened el - Proceing of soid vase tor-

pellets, and dried 10 make fuel for power plants
regenerative farming  Farming techniques and land
\‘ewimshlp tht restore the health and produc-
soil by rotating crops, planting
fround covs, poesing e e il rop
residue, and reducing synthetic chemical inputs
and mechanical com
regulations Rules established by administrative
agencies. Regulations can be more important
than sty ow n th day-oday manae-
ent of resour

sk assessment Evaluation of the short-erm and
Tong-term ke e with particular ac-
tivity or hazard; usually compared to benefits in
o beneit il

RNA Ribonuelec acid: nucleic acid used for ran-
serption and translation of the genetic code
found on DNA molcules.

Rosdless rle A Clnon-er. b on ogeng, roud
building, and other development on the lands
identified as deserving of wilderness protection

the Roadless Area Review and Evaluations
RE).

(RA
rock " A s, coesv agrgae of one o e
erystalling minerals.

Ap
aly and gl
slentfc consensus A general agreoment among
informed scholars.
scietifc method A sysematic. prcs, objctve
way o study & roblem, Geneal s e
veraion, s devcpmat s
s b e
nific 4 Splnaton sipored by
oy e et s e o
of scientists.
dary polltants Chemical hatacquireahz-
o form afe enerin the air o tha are
fommed by hemical reacion a components of
he i neract
seomdry ey e g s
o e e o el o s
o well sz mor o o e
secondary standards. Regulaions o e 1972
i Air Ac iended to protet. mateis,
crop, ity cimate, o persons somfor,
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parts per million (ppm) Number of parts of @
chemical found in | millon parts of & particular
2as,liquid, o solid mixtu.

parts per trillon (ppt) - Number of parts of a chemi-
cal found in 1 trillion (10°) parts of a partiular

gas.lquid,or solid mixture.

ive heat absorption  The use of natural mater

als or absorplive structures without moving part
Lo gaher and hld beat, e simplestand 1dst
use of solar energy.

pastoralists Peaple who make a living by herding
domestic fivestock.

asture - Grazing lands suitable for domestc livestock,

patchiness Within 4 lrger ecosystem, the presence
of smaller areasthat dife in some physical con

physical or abiotic factors - Nonliving factors, such
as temperature, light, water, minerals, and cli-

0.55

M e-loating, utoiro-

hic oganisms thc Tnction a5 produers &
aquatc ccosystems

ploneer species In primary succession on  terres-
tralsite, the plans, lichens, and mictobes that
first colonize the it

plankton  Prinarily microscopic organisms that o
cupy the upper water layers i both freshwater
and marine ccosystems

plasma A ot electrically neutral gas of ions and

Plugein hybrids Vehicles with hybrid gasoline.

munities;  diversity-promating phenomenon

pathogen  An organism that produces disease in @
host oz

alarger batery ar-

predator  An organism that feeds directly on other
organisms i order o survive:live-feeders,such
as herbivores and carnivores
pedatormedinted competilon A stusion in
which predation reduces prey populations and
givesan mhmvhm ooompeion Tt mighc o
otherw sl
premises roducory taemens ha st up or
a problem. Those things taken as

ven ignificant deterioration A clause of
the Clean Air Act that prevents degradation of

existing clean air; apposed by indusiry s an un-

necessary barrier {0 development.

st situation in which supply and de-

‘mand of a commoxity respond 10 price.

onthe batteries alone) and a plug-n 1o recharge

or more metabolic functions in fesponse (o the
presence of the organism,
peat Deposits of moist, acidic, semidecayed organic

matter
pelagicZones in he vrticalwater column of  water

petagrn Lase, oo, e, darte, d-
e s gt shou by it e

ineypophan andiac

oo mor aming clslnked by a pepide

bond.
perennial species Plants that grow for more than

o yars.

ermalet_ A peapenyfroea e of il
underles the actic tun

permanent ererable sorage. Plcog st s

ntainers i 2 secure building, salt mine,or

bedtock cavern whete they can be inspected pe-
riodically and etreved if necessary

persistent organic pollutants (POPs) Chermical
compounds that persst in the enironment and
etain biologicalactviy for long t

pest " Any oo ha redces the vl
qualit, or value of a useful resource,

pesticide  Any chemical that kills, controls, drives
‘away, or moifies the behavior of a

pesiide el ted for consnlyncrsing

primary forest native
species, where there are no clearly visible indi-
cations of human activity and ccological pro-

poachers
point sures e oatons o Highly concen-
trated pollution discharge, such as factories,

power plants, sewage treatment plants, under-
o ol mies, il el
pllhrv A socictal plan or statement of intentons in-
ended 0 sccomplishsome sl o,
plicy excle Th proces by which pablems are
identified and acted upon n the public arena.
iical cconomy The branch of economics con-
cemned with modes of producton, distibution of
benefis, social instittions,and clas relationships.
pollton Anytin that ks the enionment
unclean, dirty; any physical, chemical, or
hluh\zlcul change that adversely affects the
health, survival,or activites oflving organisms
or that alters the environment in undesirable
on charges  Fees assesed per unit of pole
i, based on the “polluter pays” principle.
polwcnmz complex A city with several urban
ores surrounding a once-dominant. central
population A group of individuals of the same spe-
cies occupying a given arca
population crash A sudden population decline
caused by predation, waste accumulation,or e

oll

pest m...g.m.- Rebound of pest populations due
o acquired resistance to chemicals and nonsp-
cific destructon of natural predators and com.
pettors by broadscale pesticides.

PH A value thatindicates th acidiy or akainity of

soluton on a scale of 0 (o 14, based on the.

proportionof H: ions present

phosphorus cycle The movement of phosphorus
atoms from roc

population explosion Growth of & population t ex-
ponential ates 0 a size that exceeds environ-
usually followed by a

mental carrying capac
population crash

population momentum A potential for increased
population growth as young members reach re-
prod,

oductive age.

primary pollutants Chemicals released directly
o theai in  harmful form.

primary productvity ~ Synthesis of organic materi
als (biomass) by green plans using the cnergy
captured in photosynihesis

primary standards  Regulations of the 1970 Clean
At mendd oot hanan e

primary succession  An ecological succession that
begas i an ra where 00 biotic commnity
previously o

primary treament “* process that remves solids
from sevage bfrs s dchargd o st

urther.

pnncl,nlz of compettiveexclson, A reut of
I selection whereby two similar specics

in 3 commniy oceupy diffrent sologel
niches, thereby reducing competition for
Toad.

producerAn oraris \vmhmn\ food mol-
s fom norgnic
external energy so
oonyiners

tion frontier  The maximum output of two

competing commodities at different levls of

production.

uctivity  The synthesis of new organic mateial

synthesis done by green plants using solar en-
ergy s called primary productivity.

prokaryotic _Cells that do not have a membranc-
bounded nucleus or membrane-bounded
organelles

Dromoters Agents that are notcarcinogenc but that
assst in the progression and spread of tumors:

ds by using an
"mon producers are

further enhance

drosphere and back to ocks.
photochemical oxidants  Products o secandry at-
ospheric reactions. See smog.
photodegradable plastcs Plastcs that bresk down
when exposed to sunlight or 0 a speific wave-
ength oflight
photosynthesis  The biochemical process by which
green plants and some bacteria captue light en
ergy and use it 0 produce chemical bonds. Car-
bon dioxide and water are consumed while
oygen adsimpl st rodocs,
photosynthetic effciency ~ The percentage of avail
"l Tt capared by plants nd wed 0 ke
useful producs.

that factor or condition,
postmaterialist values A philosophy that empha-
sizes quality of life over acquisiton of material

oods,

postmodernism A philosophy that rejects the
optimism and universal claims of modern
ositv

tenti gy Stored energy that s latent but
el o s ot e, ock posed s
e g f o e s ek o
power The e of ety delvery mesured n
horsepower or

precautionary The decision 10 leave @
margin of safety for unexpected developments.

An energ
captures solar energy and direcly con
elecrical curten,

st 1o

588 Glossary

precycling decisions
athe store and reducing waste before we buy.
predation A predator’s actof feeding.

pronatalist pressures Influcnces that encourage
people o have children.

proteins Chains of amino scids linked by peptide
bonds,

proton ly charged subatomic particle
found i the nucleus of an atom.

proven reserves  See proven resources

proven resources  Resources that have been thor
oughly mapped and are economical (o recover at
curent prices with available technolog

public trust A doctrine obligating the
o maintain public lands in a natural state as
rdians o b et

pul factors _(in urbanization) C:
pople rom he couny i he

push factors ~(in urbanization) Conditions that
force people out of the country and into the
ity

overnment

fons that draw

huspsffwembhe.comfeunningham 12

Learning to lear i a lfelong skil

Learning Outcomes
Aftr studying this introduction, you should be able to:

L1

i)

L3

L4
LS

IS

Form a plan to organize your efforts and become a more
effective and efficient student.

Make an honest assessment of the strengths and
weaknesses of your current study skill
e D N G
this class

Set gmls. schedule your time, and evaluate your
Use this textbook effectively, practice active reading, and
prepare for exams.

Be prepared to apply critical and reflective thinking in
environmental science.
e e e T
it in your studying.

Learmnu to Ledrn

“What kind of world do you want to
live in? Demand that your teachers
teach you what you need to know to
build it.”

~Peter Kropotkin



Why Study Environmental

Case Study Science?

‘Welcome to environmental science. We hope you'll enjoy learn-
ing about the material presented in this book, and that you'll find
it both engaging and useful. There should be something here for
just about everyone, whether your interests are in basic ecology,
natural resources, or the broader human condition. You'll see, as
you go through the book, that it covers a wide range of topics. It
defines our environment, not only the natural world, but also the
built world of technology, cities, and machines, as well as human
social or cultural institutions. All of these interrelated aspects of
our life affect us, and, in turn, are affected by what we do.

You'll find that many issues discussed here are part of cur-
rent news stories on television or in newspapers. Becoming an
educated environmental citizen
will give you a toolkit of skills
and attitudes that will help you
understand current events and

e 4 more interesting person.
Because this book contains infor-
mation from so many different
disciplines, you will find con-
nections here with many of your
other classes. Seeing material in
an environmental context may
assist you in mastering subject
matter in many courses, as well
as inlife after you leave school.

One of the most useful skills

ingenuity and enterprise have |
brought  about a  breathtaking
pace of technological innovations
and scientific breakthroughs. We
have leaned to produce more goods
and services with less material. The

breathtaking spread of communication tech-

nology makes it possible to share information worldwide nearly
instantaneously. Since World War 11, the average real income in
developing countries has doubled; malnutition has declined by
almost one-third; child death rates have been halved; average
life expectancy has increased by 30 percent; and the percent-
age of rural families with acce
to safe drinking water has risen
from less than 10 percent to almost
75 percent.

The world’s gross domestic
product has increased more than ten-
fold over the past five decades, but
the gap between the rich and poor
has grown ever wider. More than
a billion people now live in abject
poverty without access to adequate
food, shelter, medical care, educa-
tion, and other resources required for
a healthy, secure life. The challenge
for us i 0 pread the benefts of our

you can leam in any of your

technological and progress

classes s critical thinking—a  FIGURE L.1 What does it al mean? Stuying environmental scence gives  more equably and to find ways o live

principal topic of this chapter.
Much of the most important
information in environmental science is highly contested. Facts
vary depending on when and by whom they were gathered. For
every opinion there is an equal and opposite opinion. How can
you make sense out of this welter of ever-changing information?
‘The answer is that you need to develop a capacity to think inde-
pendently, systematically, and skillfully to form your own of
ions (fig. L.1). These qualties and abilities can help you in many
aspects of life. Throughout this book you will find “What Do You
‘Think?” boxes that invite you to practice your critical and reflec-

tive thinking skills.
“There is much to be worried about in our global environment.
Evidence is growing relentlessly that our environ-

you an opportunity to develop creative, reflective, and ciitical thinking skl

sustainably over the long run with-

out diminishing the natural resources
and vita ecological services on which al ife depends. We've tried to
strike a balance inthis book between enough doom and gloom to give
you blemn: p
‘give hope that we can discover workable solutions:

What would it mean to become a responsible environmen-
tal citizen? What rights and privileges do you enjoy as a member
of the global community? What duties and responsibilities cam
us the rights and privileges of citizenship? In many chapters of
this book you will find practical advice on things you can do to
conserve resources and decrease adverse environmental impacts.
Etical pespctvs s an importan par of our relationsip to

ment and consuming resources at unsustainable rates. Biodiversity
is disappearing at a pace unequaled since the end of the age of dino-
saurs 63 million years ago. Iireplaceable topsoil erodes from farm
fields, threatening global food supplies. Ancient forests are being
destroyed to make newsprint and toilet paper. Rivers and lakes are
polluted with untreated sewage, while soot and smoke obscure
our skies. Even our global climate seems to be changing o a new.
regime that could have catastrophic consequences.

At the same time, we have better tools and knowledge than
any previous generation to do something about these crises.
Worldwide public awareness of—and support for—environmental
protection is at an all-time high. Over the past 50 years, human

tand the other people with whom we share it. The
um. jon of ethical principles and worldviews in chapter 2 is a
key section of this book. We hope you'll think about the ethics of
how we treat our common environment

Clearly, to become responsible and productive environmental
citizens each of us needs a basis in scientific principles, as well
as some insights into the social, political, and economic systems
that impact our global environment. We hope this book and the
class you're taking will give you the information you need to reach
those goals. As the noted Senegalese conservationist and educator,
Baba Dioum, once said, “in the end, we will conserve only what
welove, we will love only what we understand, and we will under-
stand only what we are taught”

N

NAAQS  National Ambient Air Quality Standards
federal standards specfying the maximum al-
lowable levels (veraged overspecifictime peri
ods) for regulated pollutants in ambient
(outdoor)ar

tally Th productionof o vl y i,
hatching, germination, orclo

nturs xpesiment A stdy of e ht bve o
ready happened

natural history  The study of where and how organ
isms carry out ther e cycles.

natural increase - Crude death rate subiraced from
crude birthrate.

natural organic pesticides “Botanicals” or organic
compoundsmatually oecoming i g, an
mals,or microbestht erve s pesicides,

natural resources - Goods and services supplied by
the environment

atural slectonThe mechanism for xoluonary

best adapted for present environmental conds-

forming bacteria Baceria that combine
ummonia with oxygen o form itrites.
itrogen yleThe ciraatonand retiizaion of

oligotrophic The condition of rivers and lakes that
i clear water and low biological productivity
(oligo = litle;rrophic = nuriion); usually clear,

phases
itrogen ing bacera. Biceris ot comert i
wogen from e amosphere or a soil solution

cold,
omnivore An organism that eats both plants and
animals

A comn

nitrogen ighly reactive gases formed v
nitcogen in fuel or combuston air i hested to

which there
open canopy A forest where tree crowns cover less
than 20 percent of the ground; also called

over 650°C (1.200°F) i the preseace of oxygen, woodland.
openrange Unenc

containing compounds Vot i erassland.

noneriteria pollutants See uncomventional air  open system A sysiem (hat exch

ollutans.

nongovernmental org s (NGOS) A tem
elrin collcinly 1o presur and research
groups, advisory agencies, politcal partcs, pro-
fessional societis, and other groups concerned
about environmental quality resource use, and

many other issues

nonpoint sources - Scatered, diffuse sources of pal-
Tutants, such as runoff from farm filds, golf
o, d consveon e

negative feedback loop A situation in which a fac-
tor or condition causes changes tha reduce that

neocassicalcconamics A branch o cononics hat
atemps o apply the principles of modern sc-

a mathemaically

rous, noncontextual, sbstract, predictive

eo-Luddites  Peaple who rejecttechnology. believ-

ing that it s the cause of environmenl degrad
tion and social disruption. Named after the
followers of Ned Ludd, who tred to turn back
e il Revoion i England.

nonrenewable res s, fosil fucls, and
st presentincxentaly e s

nuclear fission The radioactive decay process in
which isotopes spit part 1o create two smallr
atoms,

mucear fusion. A process in which o smalle
atomic mucle fuse ito one larger nucleus and e
e enrey e sure of powr i hydogen
o,

nocele akds Lrg i molcules made of -
cleotides that function in the transmission of
hereditary tais, n protein synthesis, and in con

trolof cllula aciviis.

nucleus The center of the atoms; occupicd by pro-
tons and neutrons. In cels, the organelle that

matter with ts environmen.

optimum  The most favorsble condiion i regard to
an environmental factor.

orbital - The space or path n which anelectron obits
the nucleus of an atom.

organic compounds ~ Complex. molecules organized
around skeletons of carban atoms arranged in
vings orchains; includes bomolecules, molecules
ez by ing g

okl o uhichone

P

overburden u»uvm v o monconmercial
sedimens that must be removed to reach a i
eral or coal deposit

overgrazing  Allowing livestock to at so much for
age that the ecological health of the habitat is

mage

overharvesting  Harvesting so much of a resource.
that it existence i threatencd.

overnutrition  Receiving too many calorics.

overshoot  The extentto which a populaton exceeds.
the carying capacity of it environment

oxygen eyele The circulation and reutlization of
g n e e,

oxygen sag Oxygen decline downstream from a
pn\lnnmv source that introduces materials with

igh

acteized by scarcity and competcion, with to0
many people fighting for too few resources.
Named for Thomas Malthus, who predicied a
dismal cyele of misery. vi

nuées ardentes Deadly, denser-than-ir mixtures of
ot gases and ash ejected from volcances.
numbers pyramid A diagram showing the relative

ozone. A highly reactve molecule contaning three
gen atoms; a dangerous pollutant in ambient
. howeer,ozone forms an

ctsus i

resull o human overpopultion.

NEPA  National Environmental Policy Act, the cor-
nerstone of U.S. environmental policy:. Autho-
tizes the Council on Environmental Quality,
directs federal agencies 1o take environmental
consequences into account when making deci-
sions, and requires an environmental impact
stement o vy o el projct ely
1o hase adverse environmental

net energy yield Total useful energ) rduced o
i the lifctme of an entire cnergy system minus
the energy used,lost, or

o

obee Generally conierd o be s body mas
greater than 30 ke/’, or roughly 30 pounds

above normal for an average
occanic islands  Islands in the ocean; forme
brsking vy fomaconienl i

oral formatio, or a combination

of

energy available
neurotoxins  Toxic substances, such as lead or mer-
cury,tha specificaly poison nerve cells.

new towns - Experimental urban environments that

seck o combine the best features of the rural
village and the modern cty.
ists A

ocean shorelines Rocky coasts and sandy beaches.
song e couzs, hich sppont i, e

ocean n.m.m Getrc comersion (OTEC) En
rzy derived from temperature differentials be-
ween warm ocean surface waters and cold deep
il can be used o drve ur-
s attached to electic generalors.

decadal oscillation (PDO) A lre paol of

warm water that moves north and south in the
Pacific Ocean every 30 yearsor so and has large:
effects on North America’s limate.

paraboi mirtors  Cured mirors s s g
from a large area onto a single, central point,
{hercby concenirating slar energy and produc
ing high temperatures.

paradigm A model that provides a framework for

interpreting observations.
‘An organism that ives in or on another or-

ganism, deiving nourishment a the expense of
s host,usually without kiling it

parsimony  Choosing the simplr of two equally
plausible explanations.

ing or purpose other than a dark, cruel, unceas-

NIMBY  Not In My Back¥ard: the ralling cry of
those apposed (0 LULU:

nitrate-forming bacteria Bacteria that convert i
it into compounds tht can be used by green
plants to build proteins.

qulsy ruuhlmn\ thalovsapallurto Mm
larion of control equipment on one sourct
i an “ffcuing ol recion a 1
other source
oilshale A

dust,ash, soot,lnt, smoke, pollen, w
ol and oher Suspendd e The term
originally was applied only o sold particis but
vowis el o dspletf id

organic matrial called kerogen. When beated, the
n liquefies o produce a lid peroleu el

rof parts of a chem.
1 fouad i | billonpas of 4 price s,
liquid,or solid mixture.
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logarithmie seale A scale that uses logarithms as
units in a sequence that progresses by & factor
of 10, That i, each subsequent increment on
the scale s 10t

marsh Wetland without trees; in North Americs,
this type of land is chracterized by cattails and

Jogcal earer Someone who underands and e
memers bt b ki ough o opc nd

mass burn
mass wasting Mass movement of geologic materi-
als downhill caused by rockslides, avalanches,

finding

Jogicl thinking _ Asks, can the rules o logi help
understand this?

Togistic growth _Growth rates regulated by internal

matter

mixed perennial polyculture Growing a mixiure of
diffrent perennialcrop species (where the same
plant persistsfor more than one year) together in

the same plo.
ol Simpe repesetaions of moe conples

mo!.ecnk " combination o two or mre stoms

Holding wastes in

n Anaverage.
mediation  An informal dispute resolution process

lm\h:rgmu nd mines or seure surfuce faclis,
such as dry casks, where they can be watched

i environmenal resources
ongeiy mn gth or duration of life: compare
low-head hydmpmvu Smallscale hydro technol

ogy tha can extract encrey from small headr

cpenlyutin vichl deisions werexhedby
consensus and any partcipant can withdraw at

time
Mzdnen:nnn climate areas  Specialized land-
ith warm, dry summers; ool, wet wir-

dams;causes much e
Tow-input high-diversity biofuels ~Fucls derived
frmnied iyl ofpercnit e sp-
quire only minimal amouns of culi-

o, Tl e gaion, o peties whea

grown'as nergy crops.

low-quality energy Diffuse. dispersed. low-
e e thatis diffcul 0 gather and

use forp purposcs.
LUt Loczlh‘ Lummen Lo Ve, s
. incinerators, smeltrs, airpors,
mmm "I b soutes of oot
economic, or social degradation.

M

magma_ Molien rock from decpin the earth's intrior;
called lava when it spews from volcanic vents

magnetic confinement A technique for enclosing a
nucear fusion reaction in  powerful magnetc

 Tevels o endemism,
mchqny .\euuega\mm
megalope nown 35 2 megacity or super-
uVy o b e i o 1o i
inhabitants.
megawatt (MW) Uit of clectrical power equal to
1,000 kilowats or 1 million wats.

monwlllurt ngm{nrcnrv mieum Dlmvlmx ula

pt)m;l o mwnm pm i

ease infestations and conflcts with wildife
habital or ecreational uses.

monsoon A seasonal reversal of wind_pattemns
cansed by the different heating and cooling rates
of the oceans and coninens.

montane coniferous forests Coniferaus forests of
the mountains, consistng of belts of different
forest communites along a alitudinal gradient.

moral agents Beings capable of making distnc-
tions between right and wrong and acting ac-

mesosphere The atmospheric layer above the cordingly. Those whom we hold respansibl for
statosphere and below the thermosphere; the their actions.
e layer. y very ? Expansion

I

low,

metabolism  All the energy and matter exchanges
that s wiin  ving sl o s o
kcmel e ,muw

mm moﬂm«\ hy o »Nmne anteheme

meapopulaton A collcton of poulations hat
have regular or intermittent gene flow between
‘eographically separate units.

malignant tumor A mass of cancerous cells that
Dave e et s of orig.igsed thrsugh
the body. and invaded normal tissues,
rowing out of ontrol.

malnourishment A nutritional imbalance caused
by lack of spsicdieary comporents or an

ity o sbio o s esemidl ntrionts.
Man and Biospere (MAB)program A desen for

wdrate  Small bubbles or individual mol-
s of mthne (il g2 e 3
crystalline mat of

micraal agets Beneel mrohes (bceis
fungi that can be used to suppress o conrol
pess: also caled biologial controls

vl genrsors Sl pves gecriers

ing ofinherent value o ights o persons, organ-
isms, or things that might not be considered
worthy of value or rights under some ethical
philosopies

morals A sct of cthical principles that guide our
actions and relationships.

moral subjects  Beings that are not capable of i
tinguishing between right or wrong of that are
not able 1o act on moral principles and yet are
capable of being wronged by others.

moralvlue The vlue or worlh of sometingbased

Indostrilized
o cheterizd by high et capa -
comes, low birth and death ates, ow population
‘rowh rates, and high levels o industialization

zones with different purposes. A highly pro-
tected core s sumounded by a bufler zone and
peripheral regions in which multple-use re-
souree harvesting is permilied

mangroves Trees from a number of geners that live

nsall vater
manipulative experiment  An experiment in which
conditions are deliberately alered while
othersare eld constant fosudy cause-and-effect
relationshi
mantle A hot, piabi layerof rock that surrounds the
carhs core and underliesthe cool, uter cus
marasmus A widespread human protein-deficiency

thatan be s n e hers 0 provde and urbanization.
I pover forfour 0 mortality

them for- ne.

cign cnergy supplics. Muellerian Evolution of o specics, both

mid-ocean ridges  Mountain ranges on the ocean
floor created where molten magma i forced up
through cracks n the planet’s crust,

Milankovitch eyeles - Periodic variations in i, cc-

c inthe carth's orbit; Milu-

tin' Milankovitch suggested that these are
responsible for cyclic weat

millennium assessment A set of ambitious envi-
ronmental and human developmen goals estab-
lished by the United Nations in 2000

milpa agriculture  An ancient farming system in
which small patches of tropical forest are

tein or imbalanced in esenial amin acids.
i benefits

p
rculture, and then the land is lef fallow for

of which are unpalatable and have poisonous
stingers or some other defense mechanism, to

mulch Protective ground covers, including both
Dl products s sytetc maral, vt
Pt the ol s v, preven wed

il ise Many uss hatoceursmuncous:
 component of forest managemen; limited (o
mutsally compatible uses

mutagens  Agents, such as chemicals or radiation,
it danage o lergecic el ONA) in

i A shuge, it sponmeous o by e

of producing one additional unit of a good or
service.
marine _Living i o pertaining o the ses.

man

mineral A naturally occurring, inorgani, crystal-
lio sl vith dflne chemielconpoiton

supply and demand under a given setof ondi-
tions ina“free”

propert
e The number of

mininuum viable population

mal factors, of acell. Mu-
(aionsn the gametes (s cell) can e nherted
by future gencrations of organisr

teem A sy hionip bewe o
Viduals of 1y rent species in which both
speces mm lmm the association.

o goverment terventons).

market forces  Dynamic relationships in “free” mar-
Ket systems that capitalis systems rely upon to
achieve natonal goals.
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and endangered species

mitigation Repairing or rehabiltaing a damaged
ecosystem or compensating for damage by pro-
viding a substitue or replacement area.

foots of most plant species and certain fungi.
‘The plant provides organic compounds o the
fungus, while the fungus provides water and nu-
trients o the plant.
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L.1 How CANIGET AN A
IN THis CLAsS?

“What have T gotten myself into?” you are probably wondering
as you began 1o read this book. “Will environmental science be
worth my while? Do I have a chance to get a good grade?” The
answers 10 these questions depend, to a large extent, on you and
how you decide to apply yourself. Expecting to be interested and
10 do either well or poorly in your classes often turns out to be a
self-fulfilling prophecy. As Henry Ford once said, “If you think
you can do a thing, or think you can’t do a thing, you're right”
Cultivating good study skills can help you to reach your gouls
and make your experience in environmental science a satisfying
and rewarding one. The purpose of this introduction is to give you
some tips to help you get off to a good startin studying. You'llfind
that many of these techniques are also useful in other courses and
after you graduate, as well

Another thing that will help you do well in this class—and
enjoy it—is to understand that science is useful and accessible,
if you just take your time with it. You might be someone who
Toves science, but many people consider science unfamiliar and
intimidating. To do well in this class, it will help to identify
the ways that science connects with your interests and with the
things you like to do. Most environmental scientists are mot
vated by a love for something: a fishery biologist might love
fishing: a plant pathologist might love gardening; an environ-
mental chemist might be motivated by wanting to improve chil-
dren’s health in the city in which she lives. All these people use
the tools of science to help them understand something they get
excited about. Finding that angle can help you do better in this
class, and it can help you be a better and happier member of
your community.

Most people think science is the domain of specialists in lab
coats. But in fact science is practiced by all kinds of people in
all Kinds of ways, every day, including you. Basically, science
is just about trying to figure out how things work. Understand-
ing some basic ideas in science can be very empowering: lear-
ing 10 look for evidence and to question your assumj
life skill building comfort with thinking about numbers can help
‘you budget your groceries, prioritize your schedule, or plan your
vacation. Ideas in this book can help you understand the food you
eat, the weather you encounter, the policies you hear about in the
news—from energy policy to urban development to economics. A
Tot of people think science is foreign, but it belongs to all of us,
and this book is about helping you see how a better understanding
of science can make the world more understandable and interest-
ing for you.

Environmental science, as you can see by skimming through
the table of contents of this book, is a complex, transdisciplinary
field that draws from many academic specialtis. It s loaded with
facts,ideas, theories, and data. It highly
contested subject. Topics such as environmental contributions to
cancer rates, potential dangers of pesticides, or when and how much
global warming may be caused by human activities are widely

disputed. Ofien you will find distinguished and persuasive experts
who take completely opposite positions on any particular question.
It will take an active, organized approach on your part to make
sense of the arguments and ideas you'll encounter here. And it
will take eritial, thoughtful reasoning to formulate your own posi-
tion on the many controversial theories and ideas in environmental
science. Learning to learn will help you keep up-to-date on impor-
tant issues afier you leave this course. Becoming educated voters
and consumers s essential for a sustainable future,

Develop good study habits

Many students find themselves unprepared for studying in college.
In a survey released in 2003 by the Higher Education Research
Institute, more than two-thirds of high school seniors nationwide
reported studying outside of class less than one hour per day. Nev-
ertheless, because of grade inflation, nearly half those students
claim to have an A average. It comes as a rude shock to many to

iscover that the study habits they developed in high school won’t
allow them to do as well—or perhaps even to pass their classes—
in college. Many will have to triple or even quadruple their study
time. In addition, they need urgently to learn to study more effi-
ciently and effectively.

What are your current study skills and habits? Making a frank
and honest assessment of your strengths and weaknesses will help
‘you set goals and make plans for achieving them during this class.
‘Answer the questions in table L. 1 as a way of assessing where you
are as you begin o study environmental science and where you
need to work to improve your study habits

One of the first requirements for success is to set clear,
honest, attainable goals for yourself. Are you willing to com-
mit the time and effort necessary to do well in this class? Make
‘goals for yourself in terms that you can measure and in time
frames within which you can see progress and adjust your
approach if it isn’t taking you where you want to go. Be posi-
tive but realistic. It's more effective to try to accomplish a po
tive action than to avoid a negative one. When you set your
‘goals, use proactive language that states what you want rather
than negative language about what you're trying to avoid. I’
good to be optimistic, but setting impossibly high standards
will only lead to disappointment. Be objective about the obsta-
cles you face and be willing to modify your goals if necessary.
As you gain more experience and information, you may need
10 adjust your expectations either up or down. Take stock from
time to time to see whether you are on track to accomplish what
you expect from your studies. In environmental planning, this
is called adaptive management.

One of the most common mistakes many of us make is to
procrastinate and waste time. Be honest, are you habitually late
for meetings o in getting assignments done? Do you routinely
leave your studying untl the last minute and then frantically
cram the night before your exams? If so, you need to organize
your schedule so that you can get your work done and still have
alife. Make a study schedule for yourself and stick to it. Allow
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Table L.1 Assess Your Study Skills

Rate yourself on each of the following study skils and habits on a
scale of 1 (excellent) to 5 (needs improvement). If you rate yourself
below 3 on any item, think about an action plan to improve that
competence or behavior.
___ How strong s your commitment to be successfulin ths class?
____ How well do you manage your time (e.., do you always run
late or do you complete assignments on time)?
Do you have a regular study environment that reduces distrac-
tion and encourages concentration?
How effective are you at reading and note-taking (e.g., do you
remember what youive read; can you decipher your notes after
youlve made them)?
Do you attend class regulary and listen for instructions and
important ideas? Do you partcipate actively in class discus-
sions and ask meaningful questions?
Do you generally read assigned chapters in the textbook
before attending class or do you wait urtil the night before
the exam?
Are you usually prepared before class with questions about
materil that needs clarification or that expresses your own
interest in the subject matter?
___ How do you handletest aniety (9., do you usally feel prepared
for exams and quizze o are you trrifed ofthem? Do you have
ety or tum it i

Do you actively evaluate how you are doing i a course based
on feedback from your instructor and then make corrections to
improve your effectiveness?

Do you seek out advice and assistance outside of class from
your instructors or teaching assistants?

enough time for sleep, regular meals, exercise, and recreation so
that you will be rested. healthy, and efficient when you do study.
Schedule regular study times between your classes and work.
Plan some study times during the day when you are fresh; don’t
Teave all your work until late night hours when you don’t get
much done. Divide your work into reasonable sized segments
that you can accomplish on a daily basis. Plan to have all your
reading and assignments completed several days before your
exams so you will have adequate time to review and process
information. Carry a calendar so you will remember appoint-
ments and assignments.

Establish a regular sudy space in which you can be effctive
and productive. It might be a desk in your room, a carrel in the
library, or some other quiet, private environment, Find a place
that works for you and be disciplined about sticking to what you
need to do. If you get in the habit of studying in a particular
place and time, you will find it easier to get started and to stick to
your tasks. Many students make the mistake of thinking that they
can study while talking to their friends or watching TV. They
may put in many hours but not really accomplish much. On the
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other hand, some people think most clearly in the anonymity of
a crowd. The famous philosopher, Immanuel Kant, found that
e could think best while wandering through the noisy, crowded
streets of Konigsberg, his home town.

How you behave in class and interact with your instructor can
have a big impact on how much you learn and what grade you get
Make an effort to get to know your instructor, She or he is prob-
ably not nearly as formidable as you might think. Sit near the front
of the room where you can see and be seen. Pay attention and ask
questions that show your interest in the subject matter. Practice
the skills of good note-taking (table L.2). Attend every class and
arrive on time. Don'tfold up your papers and prepare to leave until
after the class period is over. Arriving late and leaving early says to
your instructor that you don’t care much about either the class or
your grade. If you think of yourself us a good student and act like
one, you may well get the benefit of the doubt when your grade is
assigned.

Practice active, purposeful leaming. Itisn't enough to passively
absorb knowledge provided by your instructor and this textbook.
You need to actively engage the material in order to really under-
stand it. The more you invest yourself in the material, the easier it
will be to comprehend and remember. It is very helpful to have
study buddy with whom you can compare notes and try out ideas
(fig. L.2). You will get a valuable perspective on whether you're
getting the main points and understanding an adequate amount by
comparing. It's an old adage that the best way to lear something
is 10 teach it to someone else. Take tums with your study buddy
explaining the material you're studying. You may think you've

Table L.2 Learning S Taking Notes

1. Identiy the important points in a lecture and organize your
notes in an outline form to show main topics 2nd secondary or
supporting points. This willhelp you follow the sense of the
lecture.

2. Write down all you can. Ifyou miss something, having part of the

notes wil help your instructor identify what you've missed.

Leave a wide margin in your notes in which you can generate

questions to which your notes are the answers. If you can't wrte

a question about the material, you probably dor't understand it.

. Study for your test under test conditions by answering your own
questions without looking at your notes. Cover your notes with a
sheet of paper on which you wite your answers, then slid it to
the side to check your accuracy.

5. Go al the way through your notes once in this test mode, then go

back to review those questions you missed.

6. Compare your notes and the questions you generated with those

of a study buddy. Did you get the same main points from the

lecture? Can you answer the questions someone else has witten?

Review your notes again just before test time, paying special

attention to major topics and questions you missed during study

time.

Source: Or Mevin Northup, rad Valley State Unversity.
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hybrid gasoline-electric vehicles  Automobiles that
fun on electric power and a small gasoline o
die g

hydrologi “The natural process by which wa

teris pu St nd e o cvpors

integrated pest management (IPM) An ecologi
caly based pest-control sirategy that relcs on

Gl wwh«\ s o s

freshwater available for biological lfe.
hypothesis A provisional explanaion that can be
Tested sientificaly

1

fomeus ks Crylin miners sl rom

mate Change
e e orgmmua.. formed
1o assess global climate change and its impacs.
“The IPCC is concerned with social, cconomic,
and environmental impacs of climate change,

kinetic energy ~Energy contained in moving objects,
such as a rock rolling down a hill, the wind
blowing through th tres, o waer flowing over

adam,

oo remress Resoures ththaveten ol
have not been compltely mappes

i conomial i h o

Kwashiorkor A widespread human prosein-deficincy
disease resuling from a starchy diet ow n proein

vioumest Prorunme nd e Word Metsr-
logical Organiz
Ineraa coss” The cxpenses, monctr or e

i mmm vt granite are

interplaning _The system of planting two or more

exampls. rops, cither mixed together or in altemaing
inbreeding depression _In a smll population, an ac rows, in the same field; protects the soil and
cumulation of i ficient use of the land
mutations and Towers

the viability and reproductive success of cnough

tion and descripion of entire objects or systems
1y

independent variable A factor not affected by
the condition being altered in a manipulative
experiment,

rather
interspecific competiton - In 4 commurity, competion
frsours et membesof e specis.

Kyoto Protocol - An intemational agreement o re-
duce greenhouse gas emissions.

L

La Nifa_The partof a large-scale oscilltion i the
Pucife (and, perhaps, other osan) i whieh
trade winds hold warm surface waters in th

st prt o h b andcavse apweing of

cold, nutrientrch, deep wate in the eastern part

Il Land disposal i o sold vt Refuse
Fdintto

iy, compe.

inde
s0that they are all onth same scale or magnitude.

tiion the same
species

it can be used o judge environmenial condiion.
inductive reasoning Inferring gencral principles
from specifc examples
industrial revolution  Advances in science and
"echnology tht have ieh us poer 0 wder
nda orl

industrial timber Trees used for lumber, plywood,
veneer, particlebaard,chipboard, and paper;also

inertial confinement A nuclear fusion process in
which a small pelet of nuclear fuel is bor
arded with extremely high-inensity laser lght

infltration The process of water percolaion into the
il and the pores and hollows of permeable ocks,

informal economy  Small-scale fumily businesses
in temporary locations outside the control of

inherent value  Ehical values orrights tha exist as
an intrinsic or essential charactersic of a par-

Organisms tha thrive i new terri-

tory where they are free of predators, diseases,
or resource imitations that may have controlled
heir populsion inthei ative abit.

i adon s ifeaion, viad-
blown debris, and leaching by

Jand eform Detocrate redieution of andown-
ershipto recognize that those who work the land
have 4 right to a fair share of the products of
their labor.

diaion or ric subatomic particls released
nuclea
fonosphere et

of spatal pater on ecological procescs. The
sudy of how landscape history shapes the features

fons” Elcccally <hared toms hat e gained or
lost electrons

LPAT formula A formula that says our environ
mental impacts (1 are the productof our popula
tion size (P) times our affluence (A) and the
technology (T) used to produce the goods and
services we consume.

istand biogeography The study of ates of coloni-

|§o|4)pu "Fom of a gl e e difer in

ticula thing or class ply by

inholdings _Privat lands within public parks, orests,
or ildie refuges.

i e et mch 1
met as pesticides.
ottt X chemi ot e
insolation _Incoming solar radiaton.
instrumental value - The alue or worth of abjects

that satisfy the needs and wanis of moral agens.
Obfst it canbe e 5 s o e -
munznbk resoures_ Ftors s s open pace,

neutrons in the nuceus.

J

Jcurve A J-shaped growth curve that depits expo-
nential growih,

jet streams  Powerful winds or currents of air that
circulate in shifting flows; similr 1o ocean
curtentsin thei extent and efect on climte.

|oult A it of ey One e e gy o

1 second by a current of | amp flow-
ohm,

, serenity, wi
o i camen b gmpﬁﬂ e i
caly, these resources can be both infinite and
exhaustible

integrated gasification combined cycle (IGCC) A
power plant that heas ful (usually coal, bt could

K

kadeted specks Spoces  rerodice more
owty. ooy e o el e ewer

and pressures n the presence of 96 percent oxy-
gen. Hydrogen is separaed from hydrocarbons
and separated from €O, and other contaminants,
‘The hydrogen is bumed in a gas turbine and sur-
plus heat drves a steam urbine, both of which
geneate clectriciy.

mmm\ 5 population gmwh Tan rlecred

speci

Keytone species A speces whose mpacs on s
community or ecosystem are much larger and
more influential than would be expected from
mere abundanc.

as ourreaction o, and interpretaion o, the land
landslide The sudden fall o rock and earth from &
hill or hiff. Often triggered by an earthquake or

heavy rin,

Tatent heat  Stored energy in a form that is not sen-
sible (cannot be detected by ordinary senses).

LDSO. A chemical dose lethal t0 50 percent of a test
population.

less-developed countries (LDC) - Norindustialized
o ez by o prcpls o,
gt Hlts s ks, i prlion
o s, and ko e of echncogcal

velopr

Illvcyclz amalyse The cvilunion of matral and
energy inputs and outputs at each sage of manu-
factue, use, and disposal of a product,

life expectancy The average age that individuals
born in 4 particular time and place can be cx-
pected to atain.

life span The longest duration of lfe reached by a

ype of organism.

ting factors  Chemical or physical factors that

Timit he existence, growdh, abundane, or disri-

bution of an organis.

1 A sonplroraic conpnd s ol

i water but solube in solvents, such as alcol
and cthers includes fts, oil, stroids. phn\phu
lipids, and carotenoids

iquid mea fast breeder A nuclear powr plant that
converts uranium 238 1o pltonium 239; thus, it
creates more nucear fuel than it consumes. Be

Tobbying Using persanal contacts, public pressure,
or poitcal action o persuade legislators o vote:
na particular manner.

Tocavore  Someone who eas locally grown, seasonal
food,
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fungi  One of thefive kingdom classifcations. Fungi
e nonphotosynhei, cokiryotc orgnisms
el vl W abs

mils off the coast of Calfornia almost 0 Japan,
Rt refse nd s s acumlatd

carcinogenic, o teatogenic to humans or other
life-forms; or ignitabl, corrosive, explosie, o
with other materials,

tive nuti
fide A hemical kil fong

G

Gaia hypothesis A theory that theliving organisms.
of the biosphere form a singl, complex nteract.

Py
it

health ILbeing;
the absence of

plastic tha has been ground up into tiny partcls.

greenfield development ~ Housing projects bult on
previously undeveloped farmlands o forests on
the outskirts of lrge ciies.

heapleach extraction A technique for separating
‘ol from exremely low-grade ores. Crushed ore:
s piled in huge heaps and sprayed with a dilte
alkaline-cyanide soluton, which percolates

parent 1o visible light but absorb infrared (heat)
s sur

L whichis seps

b named after Gaia, the Greek “Earth
mother” goddess.
‘gamma rays  Very short-wavelength forms of the.

spectrum.
A biogeographical technique of map-

greenhouse gases I compounds that trap
Destin e stmospher T il srpo-
genic e gases are carbon dioxide,
e Slrahucmhons, v vt
fuoride.

5

green plans

ﬂmlgmr» between protected. e rml emeer

red habilts vulnersble to

w«m ity A new town wih wem\ emphiss on
landscaping and rural ambience.

gasohol A mixture of gasoline and ethanol

gene A unitof heredity; asegment of DNA that con
s infornaton o ytess ofa i

sein, such as n enzy

ty rateCrude birthrate multiplied by
the percentage of reproductive-age
i The disappearance o a species

senetc drin. The gradual hanges i gne roqen-

v poplaton du o fndon cvent
‘genctic engineering _ Laboratory manipulation of
etic. material using molecular biology
techniques to create desired characteristics in

organisms.
etically modified organisms (GMOS)  Organ-
ms whose genetc code has been aliered by ar-
tificial means such as interspecies gene transier,
‘genuine progres; (GPI)An alternatve o
P or GDP for cconomic accounting that
measues real progress in quality of life and
ity

2

raphic n systems (GIS) A system
o paial . such o boundaries o rod et
works, and computer Software to display and
analyze those data.
geographic isolation  See allopri speciation.
gmlneim growth Growth that follows a geomeic:
m of increase, such as 2, 4, 8, 16, ... e
Exponetl rowi.
‘geothermal energy _Energy dravn from the internal

pla
for reducing pollution and resource consumy
tion while achicving sustainable development
and environmental restoraion.

green political parties - Polical organizations based
on eavironmental protection, partcipatory de-
ocracy, grassroots organization, and sustin-

able dc‘«clupmznl

m pric N

rices 0 encourage conserva-
plans that invite cus-
tomer to pay & premium for energy from
renewable s
green rvalution Dramaicaly el il
fnl oo bomght shout by ke
sl eqirs Bigh npts of
e ,,m. uients, and pestcdes

rated from the effluent in a processing plant. This
water

heat A form of encrgy transferred from one body o
another because of adifference in temperatures

heat capacity  The amount of heat enerzy that must
be aiedor wiacied 0 chang e ner-
ture of a body; water has a high heat capacity.

heat of vaporsaion. The amount of e éncy
required to convert water from 4 liquid 10 a gas.

herbicide A chemical thatkills plans,

herbivore ~An organism that eas only plans.

heterotroph  An organism that s incapable of ynihe-
sizing its own food and,therefore, must feed upon

rganic compounds produced by othe organisms

Higrierel wase epsory | place e ey

radioactive wastes can be buried and remain un-
posed 0 groundater and: unnqmm o s

of thousands of years.

high-quality energy Intense, concentrated, and
igicmperaur nere hatispcily el

ing out work

HIPPO. Hbin desttion s pcic

tion, Population (human), and Overhar mu,.g,

activity within national boundaries
gross national product (GNP)  The sum total of all

olise science. The Sy of e, g s
tems rather than solated pars; often takes a de-

omy: G dometic prdact (GDP) i i
inguish economic activity within a country

from hatof afshore corporaions.
groundwater Waterheld i gravel depasits or porous
tock below the earth's surface; does not include:

i
homeostasis The mainienance of & dynaic, stcady
e in 4 ing sy trough oppoing, com-
sating
Hometead Ac Leghlaion pased in 1562 alow
ingay U, citanor it o m.mmp

rocks or moisture in upper il layers.
sl erson Remoal o yers o i, crsting

channels or ravines 100 lurge (o be removed by
ol tilage operations

H

habitat The place or set of environmental condi-

wer 21
T o pulc and by ning on tanda
vating it or five

bt orgasim An orgeism that provides Iodging
fora paraste.

-

hot desert Deserts of the American Southwest and
Mexico; characterized by extreme sumimer heat
and cacti

Hubbertcurve A curve describing a pesk and decline

tions in
habitat conservation plans  Agreements under which
perty owners are allowed (0 harvest resourees.

or develop land as long as habitat s conserved or
replaced in ways that benefi esident endangered

eatof the eath, ithr through geysers, fuma-
voles, h springs, or ober natural gothermal
eatures, o
sroundwater

germ plasm Genelic malerial (plant seds or par
or animal egs, sperm, and embryos) that nmy

or hreatened species in the long run. Some in
dental “taking’ or loss of endangered species i
eneally allowed i such plns

Hadley cells Circulation patters of atmospheric

and ecological purposes.

as they sink and isc in sev-
eral intermediat bands

human development index (H]
quality of life using lfe expectancy
vival, adultliteracy, childhood education, gender
equity,and aceess o clan water and sanitation as
well a5 income.

human ecology The study of the interactions of hu-
ans i e cnvonen,

hum: Huma i, experence,

humusSicky. brown, ..M.mm residue from the

for and act hazardous e of dend ives soil ts
el " s, sen- stucture, coatng e particles and holding
Sobelizion The mein o izers, scis them source of plant
ransportation, ina relatively hanmless i diloed concentrtions. nutiens
brough abor mmmm,u‘eme,mm S v o pollutants (HAPs)  Especially dan s yclorc st il ey
tional economies, gerousair - nin 119 kahr (74 mph),
grasslands A biome dominated by grasses and as- " tagens, era id gasol e engine A sl solne

socited herbaceous plas
Great Pacific Garbage Patch A huge expanse of the
Pacifc Ocean, sttching from sbout 500 autical
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hazardous waste  Any discarded material contin-

ing substances Known to be toxic, mutagenic,

engine in
batteries and powers an electric motor that
drives a vehicle’s whecls,
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FIGURE L.2 Cooperative learning, in which you take turms
explaining ideas and approaches with a friend, can be one of the
best ways to comprehend material

mastered a topic by quickly skimming the text but you're likely
{0 find that you have to struggle o ive a clear description in your
own words. Anticipating possible exam questions and taking turns
quizzing each other can be a very good way 10 prepare for fess.

Recognize and hone your learning styles

Each of us has ways that we leam most effectively. Discovering
techniques that work for you and fit the material you need to leam
is an important step in reaching your goals. Do any of the following
it your preferred ways of learming?

+ Visual Learner: understands and remembers best by read-
ing, looking at photographs, figures, and diagrams. Good
with maps and picture puzzles. Visualizes image or spatial
Tocation for recall. Uses flash cards for memorization,

Verbal Learner: understands and remembers best by listen-
ing to lectures, reading out loud, and talking things through
with a study partner. May like poetry and word games. Mem-
orizes by repeating item verbally.

+ Logical Learner: understands and remembers best by think-
ing through a subject and finding reasons that make sense.
Good at logical puzzles and mysteries. May prefer to find
patterns and logical connections between items rather than
memorize.

+ Active Learner: understands and remembers best those
ideas and skills linked to physical activity. Takes notes,
makes lists, uses cognitive maps. Good at working with
hands and learning by doing. Remembers best by writing,
drawing, or physically manipulating items.

The list above represents only a few of the leaming styles iden-
tified by educational psychologists. How can you determine

which approaches are right for you? Think about the one thing
in life that you most enjoy and in which you have the greatest
skills. What hobbies or special interests do you have? How do
you learn new material in that area? Do you read about a proce-
dure in a book and then do i, or do you throw away the manual
and use trial and error to figure out how things work? Do you
need to see a diagram or a picture before things make sense,
or are spoken directions most memorable and meaningful for
you? Some people like to learn by themselves in a quiet place
where there are no distractions, while others need to discuss
ideas with another person to feel really comfortable about what
they’re learning.

Sometimes you have to adjust your preferred learning style to
the specific material you're rying to master. You may be primarily
a verbal learner, but if what you need to remember for a particular
subject is spatial or structural, you may need to try some visual
learning techniques. Memorizing vocabulary items might be best
accomplished by oral repetition, while developing your ability to
work quanitative problems should be approached by practicing
analytical or logical skills.

Use this textbook effectively

An important part of productive learning is to read assigned
material in a purposeful, deliberate manner. Ask yourself ques-
tions as you read. What is the main point being made here?
Does the evidence presented adequately support the assertions
being made? What personal experience have you had or what
prior knowledge can you bring to bear on this question? Can
you suggest alternative explanations for the phenomena being
discussed? What additional information would you need in
order to make an informed judgment about this subject and how
might you go about obtaining that information or making that
judgment?

A study technique developed by Frances Robinson and
called the SQ3R method (table L.3) can be a valuable aid in

Survey
Preview the information to be stuied before reading.
Question

Ask yoursel critical questions about the content o what you are
reading

Read

Conduct the actual reading in small segments.

Recite

Stop periodicaly to recite to yourself what you have just read.
Review

Once you have completed the section, review the main points to
make sure you remember them clearly.
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improving your reading comprehension. Start your study session
with a survey of the entire chapter o section you are about to
read so you'll have an idea of how the whole thing fits together
What are the major headings and subdivisions? Notice that there
is usually a hierarchical organization that gives you clues about
the relationship between the various parts. This survey will help
you plan your strategy for approaching the material. Next, ques-
tion what the main points are likely to be in each of the sections.
Which parts look most important or interesting? Ask yourself
where you should invest the most time and effort. Is one sec-
tion or topic likely to be more relevant to your particular class
Has your instructor emphasized any of the topics you see? Being
alert for important material can help you plan the most efficient
way to study.

After developing a general plan, begin active reading of the
text. Read in small segments and stop frequently for reflection
and to make notes. Don’t fall into a trance in which the words
swim by without leaving any impression. Highlight or underline
the main points but be careful that you don't just paint the whole
page yellow. If you highlight too much, nothing will stand out
Try to distinguish what is truly central to the argument being
presented. Make brief notes in the margins that identify main
points. This can be very helpful in finding important sections
or ideas when you are reviewing. Check your comprehension at
the end of each major section. Ask yourself: Did I understand
what T just read? What are the main points being made here?
Does this relate to my own personal experiences or previous
knowledge? Are there details or ideas that need clarification or
elaboration?

As you read, stop periodically to recite the information
you've just acquired. Summarize the information in your own
words to be sure that you really understand and are not just
depending on rote memory. This is a good time to have a study
group (fig. L.3). Taking tums to summarize and explain material
really helps you internalize it If you don’t have a study group and
you feel awkward talking to yourself, you can try writing your
summary. Finally, review the section. Did you miss any impor-
tant points? Do you understand things differently the second time
through? This is a chance to think critically about the material
Do you agree with the conclusions suggested by the authors? Can
you think of alternative explanations for the same evidence? As
You review each section, think about how this may be covered
on the test. Put yourself in the position of the instructor. What
would be some good questions based on this material? Don't try
to memorize everything but try to anticipate what might be the
most important points

After class, compare your lecture notes with your study
notes. Do they agree? If not, where are the discrepancies? Is it
possible that you misunderstood what was said in class, or does

ur instructor differ with wha's printed in the textbook? Are
there things that your instructor emphasized in lecture that you
missed in your pre-class reading? This is a good time to go back
over the readings (o reinforce your understanding and memory of
the material.

6 INTRODUCTION  Learning to Learn

FIGURE L.3 Explaining ideas to your peers is an excellent
way to test your knowiedge. ff you can teach it to someone else,
than you probably have a good grasp of the material

Will this be on the test?

Students often complain that test results don’t adequately reflect
what they know and how much they’ve learned in studying. It may
well be that test questions won't cover what you think is important
or use a style that appeals to you, but you'll probably be more suc-
cessful if you adapt yoursel to the realities of your instructor’s test
methods rather than trying to force your instructor to accommo-
date to your preferences. One of your frst prioritis in studying,
therefore, should be to lear your instructor’s test style. Are you
likely to have short-answer objective questions (multiple choice,
true or false, ill in the blank) o does your instructor prefer essay
questions? If you have an essay test, wil the questions be broad
and general or more analytical? You should develop a very dif-
ferent study strategy depending on whether you are expected to
remember and choose between a mulitude of facts and details, or
whether you will be asked to write a paragraph summarizing some
broad topic.

Organize the ideas you're reading and hearing in lecture. This
course will probably include a great deal of information. Unless you
have a photographic memory, you won't be able to remember every
detail. What's most important? What's the big picture? If you see
how pieces of the course fit together, it will all make more sense
and be easier to remember. As you read and review, ask yourself
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demanufacturing  Disassembly of products so
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ecological economics A relatively new field that
s the insights of ccology 1o economic
analysis.
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that sill exceed allowed levels.

endangered species A species considered (0 be in
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some possible test questions in each section. If you're
Ilkcly 1o have factual questions, what are the most slgnmcam factsin
the material you've read? Memorize some benchmark figures. Just
afew will help a lot. Pay special attention to tables, graphs, and dia-
‘grams. They were chosen because they illustrate important poins.

You probably won't be expected to remember all the spe-
cific numbers in this book but you probably should know orders
of magnitude. The world population is about 6.5 billion people,
not thousands, millions, or trillions. Highlight facts and figures in
‘your lecture notes about which your instructor seemed especially
interested. There is a good chance you'll see those topics again
on a test. It often helps to remember facts and figures if you can
relate them to some other familiar example. The United States, for
instance, has about 295 million residents. The European Union is
slightly larger, India is about three times and China is more than
four times as large. Be sure you're familiar with the bold-face
key terms in the textbook. Vocabulary terms make good objed
questions. The Practice Quiz at the end of each chapter generally
covers objective material that makes good short-answer questions.

A number of strategies can help you be successful in test-
taking. Lok over the whole test at the beginning and answer the
questions you know well firs, then tackle the harder ones. On
multiple choice tests, find out whether there is a penalty for guess-
ing. Use the process of elimination to narrow down the possible
choices and improve the odds for guessing. Often you can get
hints from the context of the question or from other similar ques-
tions. Notice that the longest o most specific answer often is right
while those that are vague or general are more likely wrong. Be
alert for absolutes (such as always, never, all) which could indicate
wrong choices. Qualifiers (such as sometimes, may, or could) on
the other hand, often point to correct answers. Exactly opposite
answers may indicate that one of them s correct.

I you anticipate essay questions, practice writing one- or two-
‘paragraph summaries of major points in each chapter. Develop your
ability to generalize and to make connections between important
facts and ideas. Notice that the Critical Thinking and Discussion
Questions at the end of each chapter are open-ended topics that can
work well either for discussion groups or as questions for an essay
test. You'll have a big advantage on a test if you have some carefully
thought out arguments for and against the major ideas presented in
ach chapter. If you don’t have any idea what a particular
tion means, you often can make a transition to something you do
understand. Lok for a handle that links the question to a topic you
are prepared to answer. Even if you have no idea what the question
means, make an educated guess. You might get some credit, Any-
thing is better than a zero. Sometimes if you explain your answer,
you'll et a least some poins. 1 the queston means such and such,
then the answer woul  may get you partial credit.

Does your instructor like thought questions? Does she/he
expect you to be able to interpret graphs or to draw inferences
from a data table? Might you be asked to read a paragraph and
describe what it means or relate it to other cases you've covered
in the class? If so, you should pracice these skills. Making up and
sharing these types of questions with your study group can greatly

4

ques-

increase your understanding of the material as well as improve
your performance on exams. Writing a paragraph answer for each
of the Critical Thinking and Discussion Questions could be a very
‘good way to study for an essay test.

Concentrate on positive attitudes and building confidence
before your tests. If you have fears and test anxiety, practice relax-
ation techniques and visualize success. Be sure you are rested and
well prepared. You certainly won't do well if you're sleep-deprived
and a bundle of nerves. Often the worst thing you can do i to
stay up all night to cram your brain with a jumble of data. Being
able to think clearly and express yourself well may count much
more than knowing a pile of unrelated facts. Review your test
when it s retumed (o learn what you did well and where you need
to improve. Ask your instructor for pointers on how you might
have answered the questions better. Carefully add your score to be
sure you got all the points you deserve. Sometimes graders make
simple mathematical errors in adding up points.

L.2 THINKING ABOUT THINKING

Perhaps the most valuable skill you can learn in any of your
classes is the ability to think clearly, creatively, and purposefully.
In a rapidly moving field such as environmental science, facts and
explanations change constantly. It's often said that in six years
approximately half the information you learn from this class will
be obsolete. During your lifetime you will probably change careers
fourto six times. Unfortunately, we don’t know which of the ideas
we now hold will be outdated or what qualifications you will need
for those future jobs. Developing the ability to leam new skills,
examine new facts, evaluate new theories, and formulate your own
interpretations is essential to keep up in a changing world. In other
words, you need to learn how to learn on your own.

Even in our everyday lives most of us are inundated by a
flood of information and misinformation. Competing claims and
contradictory ideas battle for our attention. The rapidly growing
complexity of our world and our lives intensifies the difficulties
in knowing what to believe or how to act. Consider how the com-
munications revolution has brought us computers, ¢-mail, cell
phones, mobile faxes, pagers, the World Wide Web, hundreds of
channels of satellite TV, and direct mail o electronic marketing
that overwhelm us with conflicting information. We have more
choices than we can possibly manage, and know more about the
world around us than ever before but, perhaps, understand less.
How can we deal with the barrage of often contradictory news and
 that inundates us?

“To complicate our difficulty in knowing what to believe, dis-
tinguished authorities disagree vehemently about many important
topics. A law of environmental science might be that for any expert
there is always an equal and opposite expert. How can you decide
what is true and meaningful in such a welter of confusing infor-
mation? Is it simply a matier of what feels good at the moment
or supports our preconceived notions? Or are there ways to use
Togical, orderly, creative thinking procedures to reach decisions?
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By now, most of us know not to believe everything we read
or hear (fig. L.4). “Tastes great ... Low, low sale price ... Vote
for me . .. Lose 30 pounds in 3 weeks . .. You may already be
a winner . . . Causes no environmental harm . .. I'll never lie
0 you ... Two out of three doctors recommend . . > More and
more of the information we used to buy, elect, advise, judge,
or heal has been created not to expand our knowledge but to
sell a product or advance a cause. It would be unfortunate if we
become cynical and apathetic due to information overload. It
does make a difference what we think and how we act.

Approaches to truth and knowledge

A number of skills, attitudes, and approaches can help us evalu-
ate information and make decisions. Analytical thinking asks,
“How can I break this problem down into its consituent pas
Creative thinking asks, “How might 1 approach this problem
in new and inventive ways?” Logical thinking asks, “How can
orderly, deductive reasoning help me think clearly?” Critical
thinking asks, “What am I trying to accomplish here and how
will T know when I've succeeded?” Reflective thinking asks,
“What does it all mean?” In this section, we’ll look more closely
atcritical and reflective thinking as a foundation for your study of
environmental science. We hope you will apply these ideas con-
sistently as you read this book.

FIGURE L.4 “There is absolutely no cause for alarm at the
nuclear plant!”
‘Source: © Tibure Media Senices. Reprnted vih parmisson.
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As figure L5 suggests, critical thinking is central in the
constellation of thinking skill. It challenges us to examine theo-
ries, facts, and options in a systematic, purposeful, and respon-
sible manner. It shares many methods and approaches with other
methods of reasoning but adds some important contextual skills,
atitudes, and disposi t challenges us to plan
methodically and 1o e he process of thinking as well as the
implications of our decisions. Thinking critically can help us dis-
cover hidden ideas and means, develop strategies for evaluating
reasons and conclusions in arguments, recognize the differences
between facts and values, and avoid jumping to conclusions. Pro-
fessor Karen J. Warren of Macalester College identifis ten steps
in critical thinking (table L.4).

Analytical Creative
thinking ~~<€——————  thinking
. _—
How will | solve How could | do
{his problem? this diferently?

N/

Critical
thinking
What do I want
to accomplish?

7 N\

Logical Reflective
thinking ————————thinking
Can orderly « What does it
reasoning help? all mean?
FIGURE L.5 Different approaches to thinking are used to

solve different kinds of problems or to study alternate aspects of
asingle ssue.

Table L.4 Steps in Critical Thinking
. What s the purpose of my thinking?

. What precise question am 1 trying to answer?

. Within what point of view am I thinking?

. What information am I using?

How am I interpreting that information?

What concepts or ideas are central to my thinking?

What conclusions am 1 aiming toward?

What am I taking for granted; what assumptions am I making?
. 1F T accept the conclusions, what are the implications?

What would the consequences be, i I put my thoughts into
action?

ren Warren, ge St.Pal, M
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cloud forests  High mounain forests where terper-
atores are uniformly cool and fog or mist keeps
eglonuel e

coal gasification The heating and partal combus-
tonof col 0 1 Nleme \‘ohme ases, such as
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o s hecome effcint,
clean-burning fel

coul-to-liquid (CTL) technology  Technology that
s coal nto liquid uel

coul washing ~ Coal technology that involves crush

8 col and wasing out sl sulfr con-

pounds with water or

Constal Zone Management i “Leattaion of
1972 hat gave federal money to 30 seacoast and
Gt Lakes s ordvlapnent nd restor
tion projec

corcomponting. Microial decomposiion of or
o matrl nsold st nto el sl

confined animal feeding operations ~Facilites in
h large numbers of animals spend most or

all of thei lif in confinemen.
contes in

‘cornucopian fallacy The belef that naure s limit
less inis sbundance and that perpetual growth s
ooy possibl bt e

mam devlopment Cosiesion of an-

corridor A
.mmm e presnes o allo migraion of
organisms from one place 1o anothe

CBA

Inglczl i it s Uwvg jrins

zoning, covenants, and other design fe-

s o s biion e resered
farmland, or naural ae

as open space
conervaton A medical ﬁem that at-
iempts o understand howenvironmental
hanges et ou own bt 5 el s tht
of the natural communities on which we depend
forecological servces.
conservation of matter In any chemical reaction,
matter changes form; it is neither created nor
destroyed.

terils, such as sewer \mm. animal manure,
leaves, and grass clippings, are added 10 solid

coined by econ-

omist and social crite Thorstin Veblen o de-

scribe buying things we don't want or need in
i

more useful,
coevolution  The process in which specics exert sc-
ive pressure on each other and gradually
evolve new features or behaviors as a fesult of
those pressures.
cogeneration The simuliancous production o elc-
iricity and steam or ot wate in the same plant.
oot A g bosndyof il g

coll(onn aceria Bacterahat lveinte ineines
including the colon) of hum:
s e s et of e preenc of e
in water or soil

commensalism A symbiotic relationship in which
one member is benefited and the second is ei-

‘consumer  An organism that obtains energy and nu-
trients by feeding on other organisms or their

remai rotroph.

consumption The fraction of withdrawn water that
i ost in transmission or hat is evaporated, ab-
sorbed, chemically transformed, or otherwvise:
made unavailable for ther purpases as a result
of human use.

contour plowing Plowing along hill contours; rc-
a

control rods - Neutron-absorbing material inseried
into spaces between fuel assemblies
reactors o regulae fssion reactions
controlled studies - Studis in which comparisons arc
made between experimental and control popula-

community-supporied sgrcltre (C5A) A po-
i e you ke a ol conibuion
107 Jocal farm in et for weekly defvries of

shar” of whateer the farm produces.

compettve exlusion A theory that 10 o popula-
tions of difernt species will cccupy the same
icheadcompete o eaclyhe same esourees
in the same habia or very o

couploty coogea The mumbe f seis ¢
ch ophc e a e number f top el
in  communiy

composting_The biological degradation of organic
matrial under setobic (oxygen-ich)conditions
1o prdue compos uint ich sl amend-
ment and condi

compound A mlecule made up of two or
Kinds of atoms held together by chemical

bonds,
conclusion A sttement that follows logicaly from

condensation The aggregation of water molecules.
from vapor to liquid or solid when the sauration
concentrtion i exceeded.

confidence fimits A statistical measue of the qual-
ity of data tha els you how close the sample’s
average probably is 0 the average for the entie
population o tha specis.

ot s o a5 o) il v
ed.

convecton currentsRising or sinking i curens
hat st the atmospher and ransprthea fom
ene e e Comestion s e
curin valer: see spring o

conventional pollutants T\w\zww s el
(sulfr dioxid, carbon monoxide, part
hducarhon, g 0xes ]»lvmm,lmmcz\
ovidans, and lad) identified and egulated by

‘cool deserts Deserts such as the American Great

Basin carterized by ol winkers and
rush.

coral beching Wiitcing of cols cased by

expuson of symbiaic lgae_afen resuling

igh waler temperaturcs, pollution, or

scale public projects by comparing the costs and
benelils that accrue from the.

cover erops Plants, such as rye, alflfs, or clover,
that can be planied immediaely afer harvest to
i procr e

Asks,how could | do this diffrenly?

et Anmantol ‘pollutiona company is allowed
1o sell when they reduce emissions below their
allowed cap. See cap-and-rade.

criminal la f court decisions based on
federal and state statutes concerning wrongs
against persons or society.

criteria pollutants - See conventional pollutans,

eritieal factorThe sngle environmentl factor los-
est 10 a tolerance limit for a given species at 3
sivn time. See liniting factom

critcal An ability to evaluate information
and opinions ina systemati, purposeful, efficient

>

croplands Lands used to grow croy

rude birth rate - The number of births in a year di-
Vided by the midyear populaion.

erude death rate The number of deaths per thou-
s ornsin 3 ghenyear: o clled e

il
<nm m ) - ot e of e
plible, un-

Serngoers il othe -t on s bowl o
warm pudding

cultural eutrophication  An increase in biological
productivity and ecosystem succession caused
by human actvites.

D

debtfor-nature swap Forgiveness of international
in exchange for nature protecton in devel

countics

deciduous Trees and shrubs that shed thei leaves at
the end ofthe growing scason

decline spiral A catastrophic deterioration of  spe-
cies, community, or whole ecosystem; acceler-
ates as functions are disrupted or Tost in 4
dnwm\aldc:nmde

composers  Fungi and bacteria that break down

e amplexorgane matrl o smaller molecle

deductive reasoning  Deriving testable predictions
about wecmc cases from general w.uuwe.

 skeletons produced by coral animals;
waly fomed along edges of shllo. ub.
ocean banks or along shelves in varm,

o vt s

core (earth's) The Gense, inensely hot mass of
molten metal, mosty iron and nicke, thousands
ofkilometer in diameter a the cart's centr

core habitat - Essental habta for a species,

core region The primary industrial esion of a
couniry; usully ocated around the capial or
Jargest port: has both the greatest populaion
density and the greatest economic actiiy ofthe

country:

Coroliseffect  The influence of iction and drag on
i layers near the carth; deflects air currents 0
the ditection of the arths otaton.

deep ecology
s out s b o e
degradation (of a water resource) Deteriortion
in water quality due to contamination or pollu-
on: ke water unsutale for et desrable

Delaney dause A conoversil amendment 1 the
Federal Food, Drug, and Cosmetic Act, added in
1958, prohibitng the addition of any known
cancer-causing agent 1o processed foods, drugs,

delta - Fan-shaped sediment deposit found athe mouth
of ariver
demand The amount of a product that consumers.
willing and able to buy at various possible
prices, assuming they are free (0 express their
preferences.
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biological pests  Organisms tht reduce the availabil

bronchitis A pensisint inflammation of bronchi and

cellular respiration The process in which a cell
breaks down sugar o other orgaric compounds

ity quality

Helgiarsaurs. The ' g,

biomagnification. An increase in the concentration rechimed polluted industial ics
i e o for gl heaty

metals o fa-soluble pesticides) in succassively
Highr rophic el o fod hn o weh.

biomassThe total mass or weight of all the lving
organisms in a gven population or rea,

biomass fuel - Organic matrial produced by plants,
animals, or microorganisms that can be burned
il st e comeried o -
cous o liqui

biomass pyramid A rmuphor or diagram that ex-
plains the relatonship between the amounts of

terized by distincive climate and.
0d  diinte i of molomx cmmmnmy
adapted to
Voremetason o sl Velogcal ganisns to
femove or detoxify pollutants from  contami-
nated arca
omphere The oo, b o ver e e
e cath that i
hlmphcu e Word besnge s mes .aem.m
JUCN a5 w

Vil efoge S s of mgn bmlogr
cal diversity o unique ecological features.
biota Al organisms in a given ara,
iotic

brownfields - Abandoned or underused urban areas n
which redevelopment i blocked by libility or
financing issues elatd 10 oxic contamination,
buffalo commons A large open area proposed f
the Greal Plains in which wildlife and native
people could ive as they ance did without inter-
ference by industrialized socicty

C

cancer_Invasive, out-of-control cll growth tht re-
s g s

cap-and-trade  An approach to controlling pollu
tom by mammmg et s e cap) on
how pecific in-

use ; may
angerobic or aerbic, depending on the valabil
ity of oxygen.

cellulosie Composed primarlyof cellulose.

chain reaction A selfsusaining reaction in which
the fsson of nucle produces subatomic part-
cles that cause the fision of other nucle

bt ems Syt i v

may not necessr who

wmvl:x s e m e e

clulurul ik, des, oy, evergren scub
found in Mediterranean climaes.
chemical bond - The force that holds atoms together
in mnl:cu\ﬂ 0d oo,
vential energy stored in chemi-
e bonde mulm\e

dusy s allowed 0 entt. Companie ht can
cut pollution by more than they e required to
can sell the credit (o other companies that
have more difficulty meeting their mandated

levels,

capital Any form of wealth, resources, or knowl-
edge available for use in the production of more
wealth.

captive breg ing plants or animls in zoos
o othr contolled conions 1 produce sck

by iving organsms.

carbamates Urelhanes, such as carbaryl and aldi-

unlimited rsources and idealen-
Voonmeit coniions. Compare enironmesa

carbohydrate  An organic compound consistng of
aing or chain of carbon atoms with hydrogen
and oxygen attached; examples are sugars,
tarches, cellulose,and gl

c]\ldwg sbumerc, delyed mariag. o
s or medications that preven
.mpmmm.. o rlzed rygoen, and ced
abortions.
ack lung disase Inflummaton and o
by accumulation of coal dust in the lungs
or airways. See respiratory fbrotic agens.
blind :xpenm:mx Exptinents s uhich e
out the experiment don't know, until
mer !he gilh:ﬂng and amlyss of i, which
experimental treatment and which was
ol
blue revolution  New techniques of ish furming that
may contibute as much to human nutrition as
miracle cereal grains but also may create social

and environmental prob
body burden The sum total of all persistent toxin
in our body that we accumul

wate, diet, and surroundi
bog An area of waterlogged soil that tends to be
peay; bogs ar e miny by precipiaton nd

carbon cycle The circulation and reuilization of
carbon atoms, especially via the processcs of

rocess in which inorganic

et hydrogen sulfde (HS) or hy-
drogen gas (H'), serve as an energy source for
synthesis of rganic molceules

chlorinated hydrocarbons Hydrocarbon mole-
cules 0 which chlorine atoms are attac

ebloroflvrscarbons (CFC5) Chemical con-
pounds

e stshed coorne and e s
Commonly used as rerigerants, solvens, fire
retardants, and blowing agents,

loropats gyl conating rgcles i
eukaryolic organisms; sies of photosynthesis.

chronicltts Long ing sl ot 04
toxin; can be caused by a sngle, acute exposure:
or a continuous, ow-level exposure.

chronic food shortages Long-term underutition
and malnutiton: usually caused by people’s
lack of money to buy food or lack of apportunity
o grow it themselves.

imitai nghlv toxic gas produced by -
complete oot of o, et ot
biomass or solid wast, o partially anacrobic
dsomposionof e sl
carbon neutral A system or proce
release more carbon (o the a.mphm oo

carbon sequestration  Storing carbon (usually n the
form of COy) in geological formations or 1 the
bottom of the ocean.

chamslk h

chronically undernourished Those people whose.
diet doesn’t provide the 2,200 keal per day, on
average,considered necessary for a healthy, pro-
ductive life.

llznscience Priecs i vhich e vl
wor e researchers to answer real-

city A differentiated community with a suffcient
population and resource base to allow residents
o specialize in arts, crafts,servies, and profes-

is (organic compounds
wn.mu o sahomatcy cabon st
arbon cycle for moderately

Tong 10 very log peiods f .
carbon source The originating point of carbon that
reenters the carbon cycle: sources include cellu-

oo cvles P\vpuhlmn eyeles charac-
oty by repeated overshoot of the carrying
Capacty of e emironmenstlloved by o
lation crashes.
boreal forest A broad bund of

crciogens

Taw A body of laws regulting relations be-
e il o b s tnd
corporations, concerning property righs, per-
sonal digniy and freedom, and personal injury.
clasical economics - Modern, Wester economic he-
oris ofthe effcts of resource scarciy, monetary
policy. and competition on supply of and demand

Thisis

Carrying capaty The misimam numher of inds
stof s it e spporei o

deciduous irees that stretches across northern

case law Precedents from both civil and criminal

dlear-cutCutting every tree n a given ara, regard-
less of species or size; an appropriate harvest
method for some species; can be destrucive if
not carefully controled.

climate A description of the long-term patiern of

North America (and also Europe and Asi); its cour ca
i casherops Cr consumed
artic ndra or barered.

BPT See best practical control technology.
breeder reactor A nuclear reactor that produces
fuel by bombarding isotopes of uranium and
igh-<nery neutrons that convert

inert atoms to issinable ones.
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catastrophic systems  Dynamic systems that jump.
abruply from one seemingly seady state 0 an-
ithout any intermediate st
cell Minute biological compartments within which
the processes oflfe are caried out

climax community A relatvely sable, long-lasing
community reached in & successional series:
usually determined by climate and sol ype.

closed canopy A forest where tree crowns s
over 20 percent of the ground; has the potential
for commercial timber harvests,
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How Do You Tell the News From the Noise?

‘With the explosion of cable channels, web logs (blogs), social networks,
and email access, most of us are interconnected constantly to a degree
unique in history. There were at least 150 million blogs on the Web in
2010 and 15,000 new ones are added every day. More than a billion peo-
ple are linked in social networks. Every day several billion emails, tweets,
text messages, online videos, and Facebook postings connect us 1o one
another. Handheld devices make it stil easier to surf the Web, watch vid-
eos,or link to friends. In 2010, there were 4.6 billion mobile phones in the
world, or enough for two-thirds of humanity to have one.
‘There are many benefits from social networks and rapid communi-
cation. The i t
in the Middle East. And they help people find others with compatible
interests or talents. Whatever you want to discuss or learn about, you
can probably find a group on the Internet. You may be the only person
in your community fascinated by a particular topic, but elsewhere in the
world there are others just ke you. Together you make a critical mass
that justifies a publication or an affinity group. But there’s a darker side
of this specialization and narrowing focus. Many people use their amaz-
ing degree of interconnection not so much to be educated. or to get new
ideas, as to reinforce their existing beliefs. A study on the State of the
Media by the Center for Journalistic Excellence at Columbia University
concluded that the news is becoming increasingly partisan and ideologi-
cal. Rumors and outright lies fly through the net at light speed. Con-
spiracy theorists and pohmxl a,mum spread sensational accusations
that are picked up an in the echo chambers of modern media.
Newseasters find Lhc)‘ o hve 10 at s ks any more. With
so many channels available, they can cater t0 a narrow sector of the
population and give them just what they want to hear.
ffect of separate conversations for separate communities has
been the growth of hyper-partisan news programing. which increasingly
i their

opponents rather than weighing ideas or reporting objective facts and

sources,because shouting matches are exciting and sell advertsing. Mot
aid off almost all

television stations have abandoned the traditional written and edited news

story. According to the Center for Joumlm.c Excellence, more than two-

m ds of all TV news segments n

of on-site “stand-up” reports

out any backeround or perspective. Visual images seem more immedi-
ate and believable: after all pictures don’t lie—although they can give a
very selective view of the truth, Many topics, such as policy issues, don't
make good visuals, and therefore never make it into TV coverage. Crime,
accidents, disasters, lifestyle stories, sports, and weather make up more
than 90 percent of the coverage on a typical television news program.
An entire day of cable TV news would show, on average, only | minute
each about the environment and health care, 2 minutes each on science
and education, and 4 minutes on art and culture. More than 70 percent of

the segments are less than 1 minute long, which allows them to convey
Tots of emotion but lttle substance. People who get their news primarily
from TV are significantly more fearful and pessimistic than those who
‘get news from print media. And it becomes hard to separate rumor from
truth. Evidence and corroboration take a backseat to dogma and passion,
As consumers of instantaneous communication, we often don't have time
1o seek evidence, but depend more on gut instincts, which often means
slmpl) our prejudices and preconceived notions,
isan journalism has become much more prevalent since the

d:l:gulnmm of public media in 1988. From the birth of the broadcasting
industry,the airwaves were regulated as a public trust. Broadcasters,
condition of their licenses, were required to operate in the “public nter-
est” by covering important policy issues and providing equal time to bmn
sides of contested issues. In 19883, however,the Federal Communi
‘Commission ruled that the proliferation of mass media gives the p\mlm
adequate access to diverse sources of information. Media outlets no lon-
‘gerare obliged to provide fair and balanced coverage of issues. Presenting
a single perspective or even a deceptive version of evens is 1o longer
regarded as a betrayal of public trust

How can you detect bias in a blog or news report? Ask yourself (or
your friends) these questions as you practice critical thinking, look for
bias, and make sense out of what you see and hear.

Wht political positions are represented? Are they overt or
covert?

Are speakers discussing facts and rational ideas, or are they
resorting to innuendo, name-calling, character assassination, and
ad hominem attacks? When people start calling each other Nazi
or communist (or both), civil discourse has probably come to
an en

What special interests might be involved here? Who stands to
gain presenting a particular viewpoint? Who is paying for the
nessage?

‘What sources are used as evidence in this communication? How
credible are they?

Are facts or statstcs cited in the presentation? Are they credible?
Are citations provided 50 you can check the sources?

Ts the story one-sided, or are alternate viewpoints presented?

I it is one-sided, does it represent majority opinion? Does that
matter?

I the presentation claims 1o be fair and balanced, are both sides
represented by credible spokespersons, or is one simply a foil set
up to make the other side look good?

Are the arguments presented based on facts and logic, or are they
purely emotional appeals?

How many of the criical thinking steps above do you use regularly, as
‘you interpret inform m the television or the Internet? How many
news sources do you rely on for information? s it just one, or do you seek
out views from multiple sources? What motivates you to do this? What
Kinds of factors influence the ways you form your opinions on the news?

"The State of the News Media 2004 available at it/ journalism orz

Notice that many critical thinking processes are self-reflective
and self-correcting. This form of thinking is sometimes called
“thinking about thinking.” It is an attempt to plan rationally how to
analyze a problem, to monitor your progress while you are doing
it, and to evaluate how your strategy worked and what you have

learned when you are finished. It is not critical in the sense of find-
ing fault, but it makes a conscious, active, disciplined effort to be
aware of hidden motives and nssnmplmn& 1o uncover bias, and to
recognize the reliability or unreliabiliy of sources (What Do You
Think? p. 9),
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What do I need to think critically?

Certain attitudes, tendencies, and dispositions are essential for
well-reasoned analysis. Professor Karen Warren suggests the fol-
Towing list:

* Skepticism and independence. Question authority. Don’t

believe everything you hear or read—including this book;
even experts sometimes are wrong.

Open-mindedness and flexibiliry. Be willing to consider dif-
fering points of view and to entertain alternative explana-
tions. Try arguing from a viewpoint different from your own.
It will help you identify weaknesses and limitations in your
own position.

Accuracy and orderliness. Strive for as much precision as
the subject permits or warrants. Deal systematically with
parts of a complex whole. Be disciplined in the standards
you apply.

Persistence and relevance. Stick to the main point. Don't
allow diversions or personal biases to lead you astray. Infor-
mation may be interesting or even true, but is it relevant?

Contextual sensitivity and empathy. Consider the total situa-
tion, relevant context, feclings, level of knowledge, and
sophistication of others as you evaluate information. Imagine
being in someone else’s place 1o try to understand how they
feel

Decisiveness and courage. Draw conclusions and take a
stand when the evidence warrants doing so. Although we
often wish for more definitive information, sometimes a
well-reasoned but conditional position has to be the basis for
action.

Huniliy. Realize that you may be wrong and that recor
eration may be called for in the future. Be careful about
making absolute declarations: you may need to change your
mind someday.

While critical thinking shares many of the orderly, systematic
approaches of formal logic, it also invokes traits like empathy, sen-
sitivity, courage, and humility. Formulating intelligent opinions
about some of the complex issues you'll encounter in environmen-
tal science requires more than simple logic. Developing these at
tudes and skills is not easy or simple. It takes practice. You have to
develop your mental faculties just as you need to train for a sport.
“Traits such as intellectual integrity, modesty, faimess, compassion,
and fortitude are not things you can use only occasionally. They
must be cultivated until they become your normal way of thinking.

Applying critical thinking

We all use critical or reflective thinking at times. Suppose a tele-

vision commercial tells you that a new breakfast cereal is tasty

and good for you. You may be suspicious and ask yourself a few

questions. What do they mean by g00d? Good for whom or what?
oes “tasty” simply mean more sugar and salt? Might the sources

of this information have other motives in mind besides your health

10 INTRODUCTION  Learning to Learn

and happiness? Although you may not have been aware of i, you
already have been using some of the techniques of critical analy-
sis. Working to expand these skills helps you recognize the ways
information and analysis can be distorted, misleading, prejudiced,
superficial, unfair, or otherwise defective.

lere are some steps in critical thinl

-
Identify and evaluate premises and conclusions in an argu-
ment. What is the basis for the claims made here? What
evidence is presented to support these claims and what con-
clusions are drawn from this evidence? If the premises and
evidence are correct, does it follow that the conclusions are
necessarily true?

2. Acknowledge and clarify uncertainties, vagueness, equivoca-
tion, and contradicions. Do the terms used have more than
one meaning? If so, are all participants in the argument using
the same meanings? Are ambiguity or equivocation deliber-
ate? Can all the claims be true simultaneously?

Distinguish between facts and values. Are claims made that
can be tested? (If so, these are statements of fact and should
be able to be verified by gathering evidence.) Are claims
made about the worth or lack of worth of something? (If so,
these are value statements or opinions and probably cannot
be verified objectively.) For example, claims of what we
ought to do to be moral or righteous or to respect nature are
generally value statements

Recognize and assess assumptions. Given the backgrounds
and views of the protagonists in this argument, what under-
lying reasons might there be for the premises, evidence, or
conclusions presented? Does anyone have an “axe to grind”
or a personal agenda in this issue? What do they think you
know, need, want, or believe? Is there a subtext based on
race, gender, ethnicity, economics, or some belief system that
distorts this

Distinguish the reliability or unreliability of a source. What
makes the experts qualified in this issue? What special
knowledge or information do they have? What evidence do
they present? How can we determine whether the informa-
tion offered is accurate, true, or even plausible?

Recognize and understand conceptual frameworks. What are
the basic beliefs, attitudes, and values that this person, group,
or society holds? What dominating philosophy or ethics con-
trol their outlook and actions? How do these beliefs and val-
ues affect the way people view themselves and the world
around them? If there are conflicting or contradictory beliefs
and values, how can these differences be resolved?

Some clues for unpacking an argument

In logic, an argument is made up of one or more introductory
statements (called premises), and a conclusion that supposedly
follows logically from the premises. Often in ordinary conver-
sation, different kinds of statements are mixed together, o it is
difficult to distinguish between them or to decipher hidden or
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A

abiotic Nonliving,
ndance The

Glossary

Thinking that
down into s constituent parts.

tors by a venomous singer, bad taste, or some

ciency o lack of red blood cell.

other P
benthic _The bottom of a sea o lke.
e | .

acid precipitation  Acidic rain, snow, or dry part-
depositd from the ir due 10 an increased
release of acids by anthropogenic o natural

acids Substances that release hydrogen ions.
(protons)in wa.

active learner  Someone who understands and

bers best by doing things physicaly.

active solar system A mechanical system that
el collt, comers, and Sorcs sl

acute s Sudden,severe fects

acute poverty Insuffcient income or access 10 re-
sources needed to provide the basic necessites
for life, such as food, sheler, sanitation, clean
water, medical care, and educaion.

adaptation  The acquisition of trits that allow a

bl

anthropocentrism The belief that humans hold a
pecial place in naure; being centered primaril
o humins nd hman s

amges el compous o wichaiboles

lllProlJnilc technology Technology that can be

anafordabl pric by ordinary people

i o e do etk 1 e

bt do th leas posile hamn 10 bth human
socictyand the nvionmen.

e G g i s e s o

u,mrus mm waterbearing ayers of sand, grave,

(BAT) The bestpolluton conirol vailable

best practicable control technology (BPT) The
best technology for polution control aailable
a reasonable cost and operable under normal
condiions

beta particles  High-energy electrns released by
radioactive deca

A piece of legislation intoduced in Congress

and inended to become law

binomials Two-part names (genus and species,
sl n Lai) imened by Cr Linesus 10

show axonomic relationships

ccumulation The sclete sbsomion and

!mnm i
arbitration A formal process of dispute resolution
in which there are sringent rules of evidence,

adaptive management A management plan de
signed from the outset to “lear by doing” and o

 witnesses, and a legally
binding decision made by the arbitrator that all
parties must obey

new information becomes availabe.

wmisstrrs e Exeeie ol winisis
v s and teglatons,snd cfrsement
decsions by admnistatie agencies and spe
il st cours,

aerobic  Living or occurring only in the presence of

aerosols Minute partcles or liquid droplets sus-

the s

aesthetic degradation Changes in environmental
‘quality that offend our aesthetic senses.

zllhum o sideonto g o oasning

abed” A deunpllon of a surface’s reflective
proj

as untsin a linear sequence,
artesian well A pressurized aquifer from which
water gushes without being pumped, duc (o
the aquifer's intersecting the surface or being
pcnclmlm by a pipe or conduit; also called 1

asthon A disessing discase charscerized by
»honnew« of beath. whecsng, 1d boncial

a|mas|>nzrk Aepodiion. Setimentaion of salids,
from th

ocntrc preservadon. A phcophy i empha-
ires e Fadamenal ight of g orgamms

and values; being centered on nature ather than
humans.

biochemical oxygen demand A standard test of
water polution, measured by the amount of dis-
solved oxygen consumed by aquatic orzanisms
overa given period.

blocde . broskapsctn oo it kil  vide

ange of organisns

bioderadable plastics Plasics thatcan he decon
posed by microorganisms.
ey | The geaet, s, 0d esloglal

of the organisms in a given arca,

nlodwm(w hot spots  Areas with exceptionally

ator
teristics of an element; consists of three main
types of subatomic paricles: protons, neutrons,
and electrons
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CRITICALTHINKING AND DISCUSSION QUESTIONS

1. What lessons do you derive from the case study about 350.0rg?
If you were interested in bringing about change in your neigh-
borhood or in the wider world, which of the tactis used in this
effort might you use for your campaign?

Reflect on how you learned about environmental issues.
What have been the most important formative experiences or
persuasive arguments in shaping your own attitudes. If you
were designing an environmental education program for
youth, what elements would you include?

How might it change your lfe if you were to minimize your
consumption of materials and resources? Which aspects
could you give up, and what is absolutely essential to your
happiness and well-being. Does your list differ from that of
your friends and classmates?

o

How sustainable is your school? What could you, your fellow stu-
dents, the faculty, staff, and administration do to make your campus.
more environmentally friendly? Perhaps you and your classmates
could carry out an environmental audit of your school. Some of the.
following items are things you could observe for yourself; other
information you'd need to get from the campus administrators.

1. Energy. How much total energy does your campus use
each year? Is any of it from renewable sources? How does
your school energy use compare to that of a city with the
same population? Could you switch to renewable sources?
How much would that cost? How long would the payback
time be for various renewable sources? Is there a campus
policy about energy conservation? What would it take to
launch a campaign for using resources efficiently?

2. Buildings. Are any campus buildings now LEED certified?
Do any campus buildings now have compact fluorescent
bulbs, high-efficiency fans, or other energy-saving devices?
Do you have single-pane or double-pane windows? Are
lights turned off when rooms aren’t in use? At what tem-
peratures (winter and summer) are classrooms, offices, and
dorms maintained? Who makes this decision? Could you
open a window in hot weather? Are new buildings being
planned? Will they be LEED cerified? If not, why?
Transportation. Does your school own any fuel-efficient
vehicles (hybrids or other high-mileage models)? If you were
making a presentation to an administrator to encourage him
or her to purchase efficient vehicles, what arguments would

4. Have you ever been involved in charitable or environmental
work? What were the best and worst aspects of that experi-
ence? If you haven’t yet done anything of this sort, what
activities seem appealing and worthwhile to you?

5. What green activities are now occurring at your school? How
might you get involved?

6. In the practice quiz, we asked you to identify two key mes-
sages from the millennium assessment and two goals and
objectives that you believe are most important for e
mental science. Why did you choose these messages and
goals? How might we accomplish them?

on-

II . alyS'iS. Campus Environmental Audit

space on your campus is devoted to parking? What's the cost
per vehicle to build and maintain parking? How else might
that money be spent to faciltate efficient transportation?
‘Where does runoff from parking lots and streets go? What
are the environmental impacts of this storm runoff?

Water use. Wha's the source of your drinking water? How
much does your campus use? Where does wastewater go?
How many toilets are on the campus? How much water
does each use for every flush? How much would it cost to
change to low-flow appliances? How much would it save
in terms of water use and cost?

-

. Food. What's the source of food served in campus dining
rooms? I any of it locally grown or organic? How much junk
food is consumed annually? What are the bariers to buying
ocally grown, fair-trade, organic, free-range food? Does the
campus grow any of its own food? Would that be possible?

6. Ecosystem restoration. Are there opportunities for refores-

tation, stream restoration, wetland improvements, or other

ecological repair projects on your campus. What percent-
age of the vegetation on campus is native? What might be
the benefits o replacing non-rative secies with indige-
nous varieties? Have gardeners considered planting species
that provide foﬂd and shelter for wildlife?

What other aspects of your campus lfe could you study to improve
sustainability? How could you organize a group project o pro-
mote beneficial changes in your school’s environmental impacts?

you use? How many students commac (o campus? Ar: ihey R T o X o ek 2

encouraged to carpool or use public

might you promote effcient transportation? How much o
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implied meanings. Social theorists call the process of separating
and analyzing textual components unpacking. Applying this type
of analysis to an argument can be useful

An argument’s premises are usually claimed to be based on
facts; conclusions are usually opinions and values drawn from, or
used to interpret, those facts. Words that often introduce a premise
include: as, because, assume that, given that, since, whereas, and
we all know that ... Words that generally indicate a conclusion or
statement of opinion or values include: and, so, thus, therefore, it
Jollows that, consequenly, the evidence shows, and we can con-
clude that.

For instance, in the example we used earlier, the television
ad might have said: “Since we all need vitamins, and since this
cereal contains vitamins, consequently the cereal must be good
for you.” Which are the premises and which is the conclusion?
Does one necessarily follow from the other? Remember that even
if the facts in a premise are correct, the conclusions drawn from
them may not be. Information may be withheld from the argu-
ment such as the fact that the cereal is also loaded with unhealthy
amounts of sugar.

Avoiding logical errors and fallacies

Formal logic catalogs a large number of fallacies and errors
that invalidate arguments. Although we don’t have room here to
include all of these fallacies and errors, it may be helpful to review
afew of the more common ones.

* Red herring: Tntroducing extraneous information to divert
attention from the important point.

Ad hominem attacks: Criticizing the opponent rather than the
logic of the argument.

Hasty generalization: Drawing conclusions about all mem-
bers of a group based on evidence that pertains only to a
selected sample.

False cause: Drawing a link between premises and conclu-
sions that depends on some imagined causal connection that
does not, in fact, exist.

+ Appeal to ignorance: Because some facts are in doubt, there-
fore a conclusion is impossible.

+ Appeal to authority: 1’ true because says so.

+ Begging the question: Using some trick to make a premise
seem true when it is not.

Equivocation: Using words with double meanings to mislead

the listener.

+ Slippery slope: A claim that some event or action will cause
some subsequent action.

« False dichotomy: Giving cither/or alternatives as if they are

the only choices.

Avoiding these fallacies yourself or being aware of them in anoth-
er’s argument can help you be more logical and have more logical
and reasonable discussions.

Using critical thinking in environmental science

As you go through this book. you will have many opportunities to
practice critical thinking skills. Every chapter includes many facts,
figures, opinions, and theories. Are all of them true? No, probably
not. They were the best information available when this text was
written, but much in environmental science is in a state of flux
Data change constantly as does our interpretation of them. Do the
ideas presented here give a complete picture of the state of our
environment? Unfortunately, they probably don't. No matter how
comprehensive our discussion is of this complesx, diverse subject,
it can never capture everything worth knowing, nor can it reveal all
possible points of vier.

When reading this text,try to distinguish between statements
of fact and opinion. Ask yourself if the premises support the con-
clusions drawn from them. Although we have tried to be fair and
even-handed in presenting controversies, we, ke everyone, have
biases and values—some of which we may not even recognize—
that affect how we see issues and present arguments. Watch for
cases in which you need to think for yourself and utilize your crit-
cal and reflective thinking skills o find the truth.

CONCLUSION

Whether you find environmental science interesting and useful
depends largely on your own attitudes and efforts. Developing
ood study habits, setting realistic goals for yourself, taking
the initiative to look for interesting topics, finding an appropri-
ate study space, and working with a study partner can both
make your study time more efficient and improve your final

rade. Each of us has his or her own learning style. You may
understand and remember things best if you se them in writ-
ing, hear them spoken by someone else, reason them out for
yourself, or leam by doing. By determining your preferred
style, you can study in the way that is most comfortable and
effective for you
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n 2009, Ghina passed Denmerk, Germany, and Spain
1o becorme the word' largest producer of wind turbines,
and in 2010, China also became the leacing producer of
photovoltaic panels and sola water heaters.

Learning Outcomes

Afier studying this chapter; you should be able to:

1.1 Explain what environmental science is, and how it
draws on different kinds of knowledge.

1.2 List and describe some current concerns in
environmental science.

1.3 Identify some early thinkers on environment and

resources, and contrast some of their ideas.

Appreciate the human dimensions of environmental

science, including the connection between poverty.

and environmental degradation.

1.5 Describe sustainable development and its goals.

1.6 Explain a key point of environmental ethics.

1.7 Identify ways in which faith-based groups share
concems for our environment.

T

Understanding
Our Environment

“Today we are faced with a challenge
that calls for a shift in our thinking, so
that humanity stops threatening its life-
support system.” ~ Wangari Maathai

Winner of 2004 Nobel Peace Prize

CONCLUSION

Al through this book you've seen evidence of environmental
degradation and resource depletion, but there are also many cases
in which individuals and organizations are finding ways to stop
pollution, use renewable rather than ireplaceable resources, and
even restore biodiversity and habitat. Sometimes all it takes is the
catalyst of a pilot project to show people how things can be done
differently to change attitudes and habits. In this chapter, you've
leamed some practical approaches o living more lightly on the
world individually as well as working collectively to create a
better world

Public attention to issues in the United States seems to run
in cycles. Concern builds about some set of problems, and people
are willing to take action to find solutions, but then interest wanes
and other topics come to the forefront. For the past decade, the

American public has consistently said that the environment is
very important, and that government should pay more attention
to environmental quality. Nevertheless, people haven't shown this
concern for the environment to be a very high priority, either in
personal behavior or in how they vote.

Recently, however, the whole world seems to have reached
a tipping point. Countries, cities, companies, and campuses all
are vying to be the most green. This may be a very good time to
work on social change and sustainable living. We hope that you'll
find the information in this chapter helpful. As the famous anthro-
pologist Margaret Mead said, “Never doubt that a small group of
thoughtful, committed people can change the world. Indeed, it is
the only thing that ever

REVIEWING LEARNING OUTCOMES

By now you should be able to explain the following points:
25.1 Explain how we can make a difference.
25.2 Summarize environmental education.
« Environmental literacy means understanding our environment,
« Citizen science encourages everyone fo participate.
« Environmental careers range from engineering to education,

« Green business and technology are growing fast.

25.3 Evaluate what individuals can do,

How much is enough?

« W can choose to reduce our environmental impacts

“Green washing” can mislead consumers,

Certfiation identifes low-impact products

Green consumerism has limits.

25.4 Review how we can work together.
. influential but la

« New players bring energy to environmental policy.
« Tntermational nongovernmental organizations mobilize many
eople.
25.5 Investigate campus greening.
« Electronic communication is changing the world.
« Schools can be environmental leaders.
« Your campus can reduce energy consumption.

25.6 Define the challenge of sustainability.

PRACTICE QUIZ

Describe four major contexts for outcomes from environ-
mental education.

Define conspicuous consumption.

Explain why vegetarianism can have a lower climate change
impact than a beef-based diet.

s

Give two examples of green washing.

List five things that you can do to reduce your environmental
impact,

List six stages in the Life Cycle Inventory at which we can
analyze material and energy balances of products.

Identify the ten biggest environmental organizations
List six goals of sustainable development.

Identify two key messages from the UN millennium assess-
ment that you believe are most important for environmental
science.

Identify two goals or objectives from the UN. millennium
goals that you believe are most important for environmental
science.

CHAPTER 25 What Then Shall We Do?



Table 25.5 Millennium Development Goals

Goals Specific Objectives

1. Eradicate extreme poverty and hunger. 1a. Reduce by half the proportion of peaple living on less than a dolar a day.
1b. Reduce by half the proportion o people who suffer from hunger.

2. Achieve universal primary education. 2a. Ensure that all boys and girls complete a full course of primary schooling.

3. Promote gender equality and empower women. 3a. Eliminate gender disparity in primary and secondary education by 2015.

4. Reduce child mortality. 4a. Reduce by two-thirds the mortality rate among children under five.

5. Improve maternal health. 5a. Reduce by three-quarters the maternal mortality ratio.

6. Combat HIV/AIDS, malaria, and other diseases. 6a. Halt and begin to reverse the spread of HIV/AIDS.

6b. Halt and begin to reverse the spread of malaria and other mjor diseases.

7. Ensure environmental sustainability.

7a. Integrate the principles of sustainable development into policies and programs; reverse.

the loss of environmental resources.

7b. Reduce by half the proportion of people without sustainable access to safe drinking
water.

7c. Achieve significant improvement, in the lives of 100 million slum dwellers by 2020.

8. Develop a global partnership for development. 8a. Develop further an open trading and financial system that i rule-based, predictable,
and nondiscriminatory, including a commitment to good governance, development, and
poverty reduction.

8b. Address the least-developed countries’ special needs. This includes tariff-and quota-
free access for their exports; enhanced debt relief for heavily indebted poor countries.

In 2000, United Nations Secretary-General Kofi Annan called
for a millennium assessment of the consequences of ecosysiem
change on human well-being as well as the scientific basis for
actions o enhance the conservation and sustainable use of those
systems. More than 1,360 experts from around the world worked
on technical reports about the conditions and trends of ecosys-
tems, scenarios for the future, and possible responses

“The findings from the millennium assessment serve as a good
summary for this book. Among the key conclusions are:

« Al of us depend on nature and ecosystem services to provide
the conditions for a decent, healthy, and secure lfe.

We have made unprecedented changes to ecosystems in
recent decades to meet growing demands for food, fresh
waer, fiber, and energy.

‘These changes have helped improve the lives of billions, but
at the same time they weakened nature’s ability to deliver
other key services, such as purification of air and water, pro-
tection from disasters, and the provision of medicinc.

+ Among the outstanding problems we face are the dire state
of many of the world's fish stocks, the intense vulnerability
of the 2 billion people living in dry regions, and the growing
threat to ecosystems from climate change and pollution.
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« Human actions have taken the planet o the edge of a massive
wave of species extinctions, further threatening our own
well-being.

+ The loss of services derived from ecosystems is a significant
barrier to reducing poverty, hunger, and disease.

+ The pressures on ecosystems will increase globally unless
human attitudes and actions change.

« Measures to conserve natural resources are more likely to
succeed if local communities are given ownership of them,
share the benefits, and are involved in decisions.

« Even today’s technology and knowledge can reduce consid-
erably the human impact on ecosystems. They are unlikely
10 be deployed fully, however, unil ecosystem services cease
to be perceived as free and limitless.

« Better protection of natural assets will require coordinated
efforts across all sections of governments, businesses, and
international institutions,

As a result of this assessment, the United Nations has developed a

setof goals and objectives for sustainable development (table 25.5).

From what you've learned in this book. how do you think we could
dually and collectivel lish these goals?
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Case Stud

Renewable Energy
Y in China

From ground level, Rizhao looks
like any other midsized Chinese city.
Located in Shandong Province about
halfway between Beijing and Shang-
hai, Rizhao sits on the coastal plain with
is back 1 the mountns. Rows of -
tional houses alterate with h
But from above, Rizhao shows a diffrent face. More than 1 millon
‘gleaming solar collectors decorate the rooftops of his city of 2.8 mil-
Tion residents (fig. 1.1). More than 99 percent of all households get
ot water and space heating from renewable ener

In 2008, Rizhao became carbon neutral, one of the frst four
cities in the world to reach this milestone, a remarkable a
plishment in a developing country. Already, Rizhao has cut
its per capita carbon emissions by half, compared to a decade
ago, and its energy use
by one-third. Gener-
ous subsidies for prop-
erty owners, low-cost
loans, and regulations
that require  renew-
able energy for all new
construction have cre-
ated mass markets for
equipment that brings
costs down, cleans
the air, saves money,
and creates thousands
of local jobs. A solar
waterheater_currently
costs about (U.S.) $230
in Rizhao—about one-
tenth the cost in the
United States—and pays
for itself in just a few

ears. FIGURE 1.1 China already has more than 40 million

Fortunately, Rizhao ~ become the world's leader in renewable energy.
isn’tan isolated case. In
the past few years, China has become the world's leader in clean
energy. In 2009, China passed Denmark, Germany, and Spain to
become the world’s largest producer of wind turbines. And in
2010 China produced about two-thirds of the world's photovoltaic
modules as well as about 80 percent of solar water heaters.

China’s green technology progress s great news for our global
environment. Lower prices for soar, wind, and other sustinable
energy sources make it more feasible for people everywhere to
wean themselves off of environmentally destructive fossil fuels.

nd nowhere is this change more important than in China itself.
At the same time it has become the leader in solar and wind power,
China has also greatly expanded its coal consumption. With its
economy expanding at about 9 percent annually, China's energy

om-

consumption is growing about 3.8 percent per year. Coal currently
supplies about 70 percent of China's electricity

Burning billions of tons of dirty coal every year makes China’s
air odious and unhealthy. According to the World Bank, 20 of the
world’s smoggiest cities are in China and acid rain affects at least
one-third of the country. More than one million children are bor
in China cach year with birth defects attributed to environmental
pollution. In 2006, China passed the U.S. as the largest source of
‘greenhouse gas emissions. For centuries, China has suffered from
devastating droughts and floods. The effects of global climate
change will very likely exacerbate these tragedies.

Moving to clean energy is a wonderful economic opportunity
for this developing country. Already, more than a million Chinese
‘workers are employed in the clean energy sector. With three of the
five largest solar producers in the world, China now provides about
40 percent of the solar
panels installed in Cali-
fomia, the United States’
largest market. And a
Chinese company using
Chinese turbines is build-
ing the largest wind farm.
currently under con-
struction in the US. The
Chinese govemment has
promised to spend 5 tril-
lion yuan ($736 billion)
over the next ten years
on clean energy. This is
about four times the cur-
rent level of investment
in the United States

China has several
advantages in the race
to produce sustainable
vaofiop solar collctors and his recently  energy. Around 250 mil-

lion people have moved

from the country to the
city since 1990, and an equal number are expected to become.
urbanized in the next few decades, providing a huge market for
new housing, electricity, and technology. To meet growing energy
demand in just the next ten years, China will need to add about
nine times as much electric generating capacity as the United
States. Where utiity managers are adding so much new equipment
anyway, it isn"thard to make some of it olar or wind. American
and European uilities, on the other hand, may have to aban-
don some existing technology to move in a meaningful way to
renewables.

China also benefis from low labor and raw material costs.
Already, Chi panels in
the world. Polysilicon, the main ingredientin solar photovolaics, cost

CHAPTER 1 Understanding Our Environment 13



ued

Case Study con

about $400 per kg in 2008. China can now produce it for $45 per ke,
and expects to drive prices down even further in coming years. Fur-
thermore, China has a near monopoly on several rare eath elements,
such as dysprosium and terbium, essential in green technology (see
chapter 14). Solar power stations and wind farms are built with relz-
tive ease in China, meeting ltle of the public resistance that hampers
‘Westen developers. And government offcials in China can simply
order utiiie to switch to renewable pover:

‘This case study exemplifies some of the complexities of envi-
ronmental science. As you'll learn in reading this book, this field

1.1 WHAT Is ENVIRONMENTAL SCIENCE?

Humans have always inhabited two worlds. One is the natural world
of plants, animals, soils, air, and water that preceded us by billions
of years and of which we are a part. The other i the world of social
institutions and artifacts that we create for ourselves using science,
technology. and politcal organization. Both worlds are essential to
ourlives, but integrating them successfully causes enduring tensions.

‘Where earlier people had limited ability to alter their surround-
ings, we now have power to extract and consume resources, produce
wastes, and modify our world in ways that threaten both our contin-
ued existence and that of many organisms with which we share the
planet, To ensure a sustainable future for ourselves and future genera-
tions, we need to understand something about how our world works,
what we are doing 10 it, and what we can do to protect and improve it

Environment (from the French emvironner: (o encircle or sur-
round) can be defined s (1) the circumstances or conditions that
surround an organism or group of organisms, or (2) the complex
of social or cultural conditions that affect an individual or commu-
nity. Since humans inhabit the natural world as well as the “built”
or technological, social, and cultural world, all constitute impor-
tant parts of our environment (fig. 1.2).

Environmental science, then, is the systematic study of our
environment and our proper place in it. A relatively new field, envi-
ronmental science is highly interdisciplinary, integrating natural sci-
ences, social sciences, and humanities in a broad, holistic study of the
world around us. In contrast to more theorefical disciplines, environ-
mental science is mission-oriente cks new, valid, con-
textual knowledge about the natural world and our impacts o it, but
obaining this information creates a responsibilty to get involved in
trying to do something about the problems we have created.

As distinguished economist Barbara Ward pointed out, for an
increasing number of environmental issues, the difficulty is not to
identify remedics. Remedies are now well understood. The problem
is 1o make them socially, economically, and politically acceptable.
oresters know how to plant trees, but not how to establish condi-
tions under which villagers in developing countries can manage
plantations for themselves. Engineers know how to control pollution,

14 CHAPTER 1 Und,
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incorporates information from many disciplines. Economics, engi-
neering, geography. politics, and social conditions are important in
understanding our environment s are biology, chemisiry,
tology, or ecology. I essential o consider many different sources
of information to get a comprehensive view of our environmental
condition. In this chapter, we'll survey some of the major chal-
lenges we fice as well as encouraging signs for solutions to
these problems. For related resources, including Google Earth™
show location

visit hitp://Environmental cience-Cunningham.blogspot.com.

Political Science Saciology
Which policeslead  How do people
10 sustainable Solytions? adopt new ideas?

Urban Planning
‘What urban
designs
reduce
energy use?
e
Ecology
How does energy S
production afect el od
ultions?
Economics.
What are benefits and
costs of energy sources?

FIGURE 1.2 Many kinds of knowledge contribute to solutions
in environmental science. A few examples are shown.

but not how to persuade factories o install the necessary equipment
City planners know how 1o build housing and design safe drinking
waler systems, but not how to make them affordable for the poor-
est members of society. The solutions to tese problems increasingly
involve human social systems as well as natural science.

As you study environmental science, you should leam the
following

+ awareness and appreciation of the natural and built environment;

knowledge of natural systems and ecological concepts;

understanding of current environmental issues; and

the ability to use ritical-thinking and problem-solving skills
on environmental issues,
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FIGURE 25.14 Sustainable development to ensure a healthy
environment for all the world's people is the aim of the millenium
development goals.

future in some equitable way. Maurice Strong, chair of the Earth
Charter Council, estimates that development aid from the richer
countries should be some $150 billion per year, while interal
investments in environmental protection by developing coun-
wies will need to be about twice that amount. Many scholars
and social activists believe that poverty is at the core of many
of the world's most serious human problems: hunger, child
deaths, migrations, insurrections, and environmental degradation
(fig. 25.14). One way to alleviate poverty is to foster economic
‘growth so there can be a bigger share for everyone.

Strong economic growth already is occurring in many places,
“The World Bank projects that if current trends continue, economic
output in developing countries willrse by 4 to 5 percent per year in
the next 40 years. Economies of industrialized countries are expected
10 grow more slowly but could stllriple over that period. Altogether,
the total world output could be quadruple what it i today.

‘That growth could provide funds to clean up environmental
damage caused by earlier, wasteful technologies and misguided
environmental policies. It s estimated to cost $350 billion per year
0 control population growth, develop renewable energy sources,
stop soil erosion, protect ecosystems, and provide a decent stan-
dard of living for the world’s poor. This is a great deal of mon
but itis small compared to over $1 tillion per year spent on wars
and military equipment.

hile growth simply implies an increase in size, number, or rate
of something, development, ‘means a real increase
in average welfare or well-being. Sustainable development based
on the use of renewable resources in harmony with ecological sy:
tems is an attractive compromise (o the extremes of no growth versus
unlimited growth (fig. 25.15). Perhaps the best definition of this goal
is that o the World Commission on Environment and Development,

which defined sustainable development in Our Common Future as
“meeting the needs of the present without compromising the ability
of future generations to meet their own needs.” Some goals of sus
tainable development include:

+ A demographic transition to a stable world population of low
birth and death rates,

An energy transition to high efficiency in production and use,
coupled with increasing reliance on renewable resources.

A resource transition to reliance on nature’s “income” with-

out depleting its “capital.”

An economic transition 1o sustainable development and a
broader sharing of its benefits.

A political transition to global negotiation grounded in com-
plementary interests between North and South, East and
West.

An ethical or spiritual transition to attitudes that do not
separate us from nature or cach other.
Notice that these goals don’t apply just to developing countries.

It cqally importan hat hose of us in the richer countries adopt
lifestyl

resource intensive and has a much greater impact on our environ-
ment than the billions of people in poorer countries. Many en
ronmental scientists prefer to simply use the term sustainability
o describe the search for ways of living more lightly on the
earth because it can include residents of both the developed and
developing world.

Meeting basic.
human needs

: A
Amentes si3tanale
geiidprient

Economic
growth

FIGURE 25.15 A model for integrating ecosystem health,
human needs, and sustainable economic growth.
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having large windows that harvest natural light and open to let
ocean breezes cool the interior make the building both more func-
tional and more appealing. Motion detectors control light levels
and sensors monitor and refresh the air when there is too much
CO; putting students to sleep. More than 30 percent of interior
materials are recycled. Solar panels supply 10 percent of the elec-
wricity, and the building exceeds federal efficiency standards by
30 percent. “The overriding and very powerful message i it eally
doesn't cost any more to do these things,” says Dennis Aigner,
dean of Bren School,

These facilities can become important educational
ences. At Camegie Mellon University in Pitisburgh, students
helped design a green roof for Hamershlag Hall. They now monitor
how the living roof s reducing storm water drainage and improving
water quality. A Kiosk inside the dorm shows daily energy use and
compares it to long-term averages. Classrooms within the dorm
offer environmental science classes in which students can see sus-
tainability in action. Green dorms are popular with students. They
appreciate natural lighting, clean air, lack of allergens in building
materials, and other features of LEED-certfied buildings. One of
the largest green dorms in the country is at the University of South
Carolina, where more than 100 students are on a waiting list for
aroom.

A recent study by the Sustainable Endowments Institute eval-
uated more than 100 of the leading colleges and universities in the
United States on their green building policies, food and recycling
programs, climate change impacts, and energy consumption. The
report card ranked Dartmouth, Harvard, Stanford, and Williams
as the top of the "A list” of 23 greenest campuses. Berea College
in Kentucky got special commendation as a small school with
a strong commitment to sustainability. IUs “ecovillage” has a
student-designed house that produces its own electricity and treats
waste water in a living system. The college has a full-time sus-
tainability coordinator to provide support 1o campus programs,
community outreach, and teaching. Some other campuses with
academic programs in sustainability include Arizona State in
Tempe, and Northern Arizona University in Flagstaff.

rie

Your campus can reduce energy consumption

‘The Campus Climate Challenge, recently launched by a coalition
of nonprofit groups, secks to engage students, faculty, and staff at
500 college campuses in the United States and Canada in a long-
term campaign to eliminate global warming pollution. Many
campuses have invested in clean energy, set strct green building
standards for new construction, purchased fuel-efficient vehicles,
and adopted other policies to save energy and reduce their green-
house gas emissions. Some examples include Concordia Univer-
sity in Austin, Texas, the first college or university in the country to
purchase all o its energy from renewable sources. The 5.5 million
kilowatt-hours of “green power” it uses each year will eliminate
abouts 0,

planting 1,000 acres of trees or taking 700 cars offthe roads. Emory
University in Atlanta, Georgia, is a leader in green building stan-
dards, with 11 buildings that are or could become LEED certified.

574 CHAPTER 25 What Then Shall We Do?

Emory’s Whitehead Biomedical Research Building was the first
facility in the Southeast to be LEED certified. Like a number of
other colleges. Carleton College in Northfield, Minnesota, has
built its own windmill, which is expected to provide about 40 per-
cent of the school’s electrical needs. The $1.8 million wind turbine
i expected to pay for itself in about ten years, The Campus Cli-
mate Challenge website at www.enerevaction.net contains valu-
able resources, including strategies and case studies, an energy
action packet, a campus organizing guide, and more.

« many schools, students have persuaded the administra-
tion to buy locally produced food and to provide organic, veg-
etarian, and fair trade options in campus cafeterias. This not only
benefits your health and the environment, but can also serve as
a powerful teaching tool and everyday reminder that individuals
can make a difference. Could you do something similar at your
school? See the Data Analysis box at the end of this chapter for
other suggestions.

25.6 SUSTAINABILITY Is A
GLOBAL CHALLENGE

As the developing countries of the world become more affluent,
they are adopting many of the wasteful and destructive lifestyle
patterns of the richer countries. Automobile production in China,
for example, is increasing at about 19 percent per year, or doubling
every 3.7 years. By 2030 there could be nearly as many automo-
biles in China as i the United States. What will be the effect on air
quality, world fossil fuel supplics, and global climate i that growth
rate continues? Already, two-thirds of the children in Shenzhen,
China’s wealthiest province, suffer from lead poisoning, probably
caused by use of leaded gasoline. And, as chapter § points out, dis-
eases associated with affluent lifestyles—such as obesity, diabe-
tes, heart attacks, depression, and traffic accidents—are becoming
the leading causes of morbidity and mortality worldwide.

On the other hand, there appears to be a dramatic worldwide
shiftin public attitudes toward environmental protection. In a BBC
poll of 22,000 residents of 21 countries, 83 percent agreed that ndi-
viduals would definitely or probably have to make lfestyle changes
to reduce the amount of climate-changing gases they produce. Over-
all, 70 percent said they were personally ready to make sacrifices o
protect the environment. Similarly, in 2011 the Greenberg Quinlan
Rosner Research company conducted a bipartisan survey of public
opinion about clean air standards. Despite
vatives that the public opposes EPA pollution standards, and green-
house gas regulation in particular, this poll found overwhelming
support for even stronger EPA rules among likely 2012 American
Voters. Seventy-seven percent of respondents in this survey sup-
ported stricter CO, standards, and 69 percent said that EPA scien-
tists rather than Congress should set pollution standards.

We would all benefit by helping developing countries ac:
more efficient, less-polluting technologies. Education, democ-
racy, and access o information are essential for sustainability.
Itis in our best interest to help finance protection of our common

ims from some conser-
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For the remainder of this chapter, we'll complete our over-
view with a short history of environmental ideas and a survey of
some important current issues that face us,

1.2 CurrRENT CONDITIONS

As you probably already know, many environmental problems now
face us. Before surveying them in the following section, we should
pause for a moment to consider the extraordinary natural world that
we inherited and that we hope to pass on to future generations in as
‘good—perhaps even better—a condition than when we arrived.

We live on a marvelous planet

Imagine that you are an astronaut returning to Earth after a long trip
10 the moon or Mars. What a reief it would be to come back to this
beautiful, bountiful planet after experiencing the hostile, desolate
environment of outer space. Although there are dangers and difficul-
ties here, we live in a remarkably prolific and hospitable world that
is, as far as we know, unique in the universe. Compared to the condi-
tions on other planets in our solar system, temperatures on the carth
are mild and relatively constant. Plentiful supplies of clean air, fresh
water, and fertile soil are regenerated endlessly and spontancously
by geological and biological cycles (discussed in chapters 3 and 4).

Perhaps the most amazing feature of our planet is the rich
diversity of life that exists here. Millions of beautiful and intrigu-
ing species populate the carth and help sustain a habitable envi-
ronment (fig. 1.3). This vast multitude of lfe creates complex,
interrelated communities where towering trees and huge ani-
mals live together with, and depend upon, tiny life-forms such as
viruses, bacteria, and fungi. Together allthese organisms make up
delightfully diverse, self-sustaining communities, including dense,
moist forests, vast sunny savannas, and richly colorful coral refs.
From time to time, we should pause to remember that, i spite of
the challenges and complications of life on earth, we are incred-
ibly lucky to be here. We should ask ourselves: what is our proper
place in nature? What ought we do and what can we o to protect
the irreplaceable habita that produced and supports us?

FIGURE 1.3 Perhaps the most amazing feature of our planet
isits rich diversity of lfe.

Butwe doors and author
Ed Abbey said, “Itis not enough to fight for the land: it is even more
important 10 enjoy it. While you can. While it is still there. So get
out there and mess around with your fiends, ramble out yonder and
explore the forests, encounter the grizz, climb the mountains. Run
the rivers, breathe decp of that yet sweet and lucid air,sit quiely for
a while and contemplate the precious tillness, that lovely, mysterious
and awesome space. Enjoy yourselves, keep your brain in your hea

and your head fimly attached to your body, the body active and alive.”

We face many serious environmental problems

1’ important for you to be aware of curent environmental condi-
tions. We'll cover all these issues in subsequent chapters of this book,
but here’s an overview to gt you sarted. With more than 7.1 billion
humans currently, we're adding about 80 million more to the world
every year. While demographers report a transition o slower growth
rates in most countries, present trends project a population between

Constant,
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FIGURE 1.4 Bad news and good news: globall, populations
continue torise, but our rate of growth has plummeted. Some
countries are below the replacement rate of about two children
per woman.

Source: Uried Naiors Poputin Program, 2007
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8 and 10 billion by 2050 (fg. 1.4). The impacts of that many people
on our natural resources and ecological systems is a serious concern.

Climate Change

Burning fossil fuels, making cement, cultivating rice paddies,
clearing forests, and other human activities release carbon diox-
ide and other so-called “greenhouse gases” that trap heat in the
atmosphere. Over the past 200 years, atmospheric CO, concentra-
tions have increased about 35 percent. By 2100, if current trends
continue, climatologists warn that mean global temperatures
will probably increase 2° to 6°C compared to 1900 temperatures
(36" to 128°F: fig. 1.5a). Although we can't say whether spe-
cific recent storms were influenced by global warming, climate
changes caused by greenhouse gases are very likely o result in
increasingly severe weather events including droughts, floods,
hurricanes, and tornadoes. Melting alpine glaciers and snowfields
could threaten water supplies on which millions of people depend.

Iready, we are seeing dramatic climate changes in the Ant-
arctic and Arctic where seasons are changing, sea ice is disap-
pearing, and permafrost is melting. Rising sea levels are flooding
Tow-lying islands and coastal regions, while habitat losses and
climatic changes are affecting many biological species. Cana-
dian Environment Minister David Anderson has said that global
climate change is a greater threat than terrorism because it could
threaten the homes and livelihood of billions of people and trigger
worldwide social and economic catastrophe.

Hunger

Over the past century, global food pro-
duction has more than kept pace with
human  population growth, but there

|
22836 5 7 8 11 13 16 20

(a) Cimate change (b) Hunger

are worries about whether we wil be able to maintain this pace
(fig. 1.55). Soil scientists report that about two-thirds of all agricul-
ral lands show signs of degradation. Biotechnology and intensive
farming techniques responsible for much of our recent production
gains often are too expensive for poor farmers. Can we find ways
o0 produce the food we need without further environmental degra-
dation? And will that food be distributed equitably? In a world of
food surpluses, the United Nations estimates that some 925 million
people are now chronically undemourished, and at least 60 million
face acute food shortages due to natural disasters o conflicts

Clean Water

Water may well be the most critical resource in the twenty-
first century. Already at least 1.1 billion people lack an ade-
quate supply of safe drinking water, and more than twice that
many don’t have modern sanitation (fig. 1.5¢). Polluted water
and inadequate sanitation are estimated to contribute to the ill
health of more than 1.2 billion people annually, including the
death of 15 million children per year. About 40 percent of the
world population lives in countries where water demands now
exceed supplies, and by 2025 the UN projects that as many as
three-fourths of us could live under similar conditions. Water
wars may well become the major source of international con-
flict in coming decades.

POLLUTED
IATER
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(d) Biodiversity and fisheries

FIGURE 1.5 Major environmental challenges: (a) Glimate change is projected to raise temperatures, especially in northern winter
months. (b) Nearly a bilion people suffered from chronic hunger in 2010. (o) Poor water quality is responsible for 15 million deatns each

year. (d) Biodiversity including marine species continues to dediine.
Data from Uned Natons 2010,
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Table 25.4 Using the Media to Influence
Public Opinion

Shaping opinion, reaching consensus, electing public offcials, and
mobilizing action are accomplished primarily through the use of
the communications media. To have an impact in public afais,
it s essential o know how to use these resources. Here are some
suggestions:

1. Assemble a press (st Lear to wrte a good press release by
studying books from your public (ibrary on press relations
techniques. Get to know reporters from your local newspaper
and TV stations.

2. Appear on local radio and TV talk shows. Get experts from local
universities and organizations to appear.

3. Write letters to the editor, feature stories, and news releases. You
may include black and white photographs. Submit them to local
newspapers and magazines. Don't overlook weekly community
shoppers and other “freebie” newspapers, which usually are
looking for newsworthy material.

4. Ty to get editorial support from local newspapers, radio, and TV
stations. Ask them to take a stand supporting your viewpoint. If
you are successful, send a copy to your legislator and to ather
media managers.

5. Put together a public service announcement and ask local adio
and 1V station to run it (preferably not at 2 o.). Your library or
community college may well have audiovisual equipment that you
can use. Cable TV stations usually have a public access channel
and will help with production.

6. If there are public figures i your area who have useful expertise,
ask them to give o speech or matke a statement. A press

conference, especially in a dramatic setting, often is a very
effective way of attracting attention.

. Find celebrities or media personalities to support your position.
Ask them to give a concert or performance, both to rase money
for your organization and to attract attention to the issue. They
might ike to be associated with your cause.

8. Hold a media event that is photogenic and newsworthy. Clean

up your lacal iver and invite photographers to accompany you.
Picket the corporate offices of a polluter, wearing eye-catching
costumes and carrying humorous signs. Don't be violent, abusive,
or obnoxious; it will backfire on you. Good humor usually il go
farther than threats,

. If you hear negative remarks about your issue on 1V or radio, ask
Jor free time under the Faimess Doctrin to respond. Stations have
to do a certain amount of public service to justify relicensing and
may be happy to accommodate you.

. sk your local TV o newspaper to do a documentary or feature
story about your ssue or about your organization and what it is
rying to do. You will not only get valuable free publicty, but you
may inspire others to follow your example.

sustainable designs can be found at Stanford University, Oberlin
College in Ohio, and the University of California at Santa Barbara.
Stanford's Jasper Ridge building will provide classroom, labora-
tory, and office space for its biological research station. Stanford
students worked with the administration to develop Guidelines

FIGURE 25.12 Protests, marches, and public demonstra-
tions can be an effective way to get your message out and to
influence legislators.

for Sustainable Buildings,  booklet that covers everything from
energy-efficient lighting to native landscaping. With 275 photo-
voltaic panels to catch sunlight, there should be no need to buy
electricity for the building. In fact, it's expected that surplus
energy will be sold back to local utility companies o help pay for
building operation.

Oberlin’s Environmental Studies Center, designed by archi-
tect Bill McDonough, features 370 m? of photovoltaic panels on
its roof, a geothermal well to help heat and cool the building,
large south-facing windows for passive solar gain, and a “living
machine” for water treatment, including plant-filled tanks in an
indoor solarium and a constructed wetland outside (see fig. 20.11)

°SB's Bren School of Environmental Science and Man-
agement looks deceptively institutional but claims to be the most
environmentally state-of-the-art structure of its kind in the United
States (fig. 25.13). It wasn't originally intended to be a particularly
‘green building, but planners found that some simple features like

FIGURE 25.13 The University of Californa at Santa Barbara
claims its new Bren School of Environmental Science and
Management is the most environmentaly friendly building of its
kind in the United States
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25.5 CaMPUS GREENING

Colleges and universities can be powerful catalysts for change.
Across North America, and around the world, students and faculty
are studying sustainability and carrying out practical experiments
in sustainable living and ecological restoration.

Organizations for secondary and college students often are
among our most active and effective groups for environmental
change. The largest student environmental group in North Amer-
ica is the Student Environmental Action Coalition (SEAC).
Formed in 1988 by students at the University of North Carolina at
Chapel Hill, SEAC has grown rapidly to more than 30,000 mem-
bers in some 500 campus environmental groups. SEAC is both
an umbrella organization and grassroots network that functions
as an information clearinghouse and a training center for student
leaders. Member groups undertake a diverse spectrum of activi-
ties ranging from politically neutral recycling promotion to con-
frontational protests of government or industrial projects. National
conferences bring together thousands of activists who share tactics
and inspiration while also having fun. If there isn’t a group on
your campus, why not look into organizing one?

Another important student organizing group is the network of
Public Interest Research Groups active on most campuses in the
United States. While not focused exclusively on the environment,
the PIRGs usually include environmental issues in their priorities
for research. By becoming active, you could probably introduce
environmental concerns to your local group if they are not already
working on problems of importance to you. Remember that you
are not alone. Others share your concerns and want to work with
you to bring about change; you just have to find them. There is
power in working together,

Electronic communication is changing the world

One of the most important skills you are likely to learn in SEAC or
other groups committed to social change is how to organize. This
is a dynamic process in which you must adapt the realities of your
circumstances and the goals of your group, but there are some
basic principles that apply to most situations (table 25.3). Using
communications media (o get your message out is an important
part of the moder environmental movement., Table 25.4 suggests
some important considerations in planning a media campaign.

15 probably not a surprise to anyone that the Intemet is
changing our world. The power of social media to organize mass
demonstrations and change political systems—sometimes practi-
cally ovemight—was demonstrated across North Africa and the
Middle East in 2011. In many places, youth with few resources
other than cell phones, blogs. and a social network were able to
have a powerful impact,

‘You may not want to overthrow your government, but you can
influence public opinion and political decision making in ways never
possible a generation ago. Using electronic communications, i’ now
possible to link many local systems into a virtual network. Where the
media  atiny number of corporations and pub-

Table 25.3 Organizing an Environmental Campaign

1. What do you want to change? Are your goals realstic, given the

time and resources you have available?

What and who il be needed to get the job done? What

resources do you have now and how can you get more?

Who are the stakeholders in this issue? Who are your alies and

constituents? How can you make contact with them?

. How will your group make decisions and set priorities? Will you

operate by consensus, majoriy vote, or informal agreement?

Have others already worked on this issue? What successes or

failurs did they have? Can you learm from their experience?

Who has the power to give you what you want or o solve the

problem? Which individuals, organizations, corporations, or

elected officials should be targeted by your campaign?

What tactics will be effective? Using the wrong tactics can

alienate people and be worse than taking no action atall

Are there social, cultural, or economic factors that should

be recognized in this situation? Will the way you dress, talk,

or behave offend or alenate your intended audience? Is it

important to change your appearance or tactics to gain support?

9. How will you know when you have succeeded? How will you
evaluate the possible outcomes?

10. What will you do when the batle is over? s yours a single-
issue organization, or will you want to maintain the interest,
momentum, and network you have established?

‘Source: Based on material fon “Grassioots Organizing for Evryone” b Clae Greesfeder
and Mike Rosele from Call to Acton, 1990 Sera Book Cub Books,

fellow students (fig. 25.12). And, collectively, you can let your politi-
cal representatives know what you think about what they e doing.

Schools can be environmental leaders

Colleges and universities can be sources of information and experi-
mentation in sustainable living. They have the knowledge and
expertise to figure out how to do new things, and they have students
who have the energy and enthusiasm to do much of the research,
and for whom that discovery will be a valuable learing experience.
Atmany colleges and universities, students have undertaken cam-
pus audits to examine water and energy use, waste production and
disposal, paper consumption, recycling, buying locally produced
food, and many other examples of sustainable resource consump-
tion. Al more than 100 universities and colleges across America,
graduating students have taken a pledge that reads:

1 pledge to explore and take into account the social and envi-
ronmental consequences of any job I consider and will try
to improve these aspects of any organization for which 1
work.

Could you introduce something similar at your school?
Campuses often have building projects that can be models

Tishing moguls, now all of us have the power to communicate widely.
You can organize evens to educate and mobilize your neighbors or
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for rescarch and development. More than 110 col-
leges have built, or are building siructures certified by the U.S.
Green Building Council. Some recent examples of prize-winning
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Energy

How we obtain and use energy is likely to play a crucial role in
our environmental future. Fossil fuels (oil, coal, and natural gas)
presently provide around 80 percent of the energy used in indus-
wialized countries. However, problems associated with. their
acquisition and use—air and water pollution, mining damage,
shipping accidents, and geopolitics—may limit what we do with
remaining reserves. Cleaner renewable energy resources, such as
those now being produced in China including solar power, wind,
‘geothermal, and biomass, together with conservation, could give
us cleaner, less destructive options if we invest in appropriate
technology.

Biodiversity Loss

Biologists report that habitat destruction, overexploitation, pol-
lution, and introduction of exotic organisms are eliminating
species at a rate comparable to the great extinction that marked
the end of the age of dinosaurs (fig. 1.5). The UN Environ-
ment Program reports that, over the past century, more than
800 species have disappeared and at least 10.000 species are
now considered threatened. This includes about half of all pri-
mates and freshwater fish, together with around 10 percent of all
plant species. Top predators, including nearly all the big cats in
the world, are particularly rare and endangered. A nationwide
survey of the United Kingdom in 2004 found that most bird and
butterfly populations had declined between 50 and 75 percent
over the previous 20 years. At least half of the forests exist-
ing before the introduction of agriculture have been cleared,
and much of the diverse “old growth” on which many species
depend for habitat is rapidly being cut and replaced by second-
ary growth or monoculture.

Air Pollution
Air quality has worsened dramatically in many areas. Over south-
em Asia, for example, satellite images recently revealed a 3-km
(2-mile)-thick toxic haze of ash, acids, aerosols, dust, and photo-
chemical products regularly covers the entire Indian subcontinent
for much of the year. Nobel laureate Paul Crutzen estimates that
at least 3 million people die each year from diseases triggered by
air pollution. Worldwide, the United Nations estimates that more
than 2 billion metric tons of air pollutants (ot including carbon
dioxide or wind-blown soil) are emitted each year. Air pollution
o longer is merely a local problem. Mercury, bisphenol A (BPA),
perflurocarbons, and other long-lasting pollutants accumulate in
arctic ecosystems and native people after being transported by
air currents from industrial regions thousands of kilometers to
the south. And during certain days, as much as 75 percent of the
smog and particulate pollution recorded on the west coast of North
America can be traced to Asia

Finding solutions to these problems requires good science
as well as individual and collective actions. Becoming educated

about our global environment is the fist step in understanding
how to control our impacts on it. We hope this book will help you
in that quest.

Think About It

With your classmates or friends, lst five important envionmental
issues in your area. What kinds of actions might you take to
improve your local situation?

There are also many signs of hope

Is there hope that we can find solutions to these dilemmas? We
think so. As the opening case study for this chapter shows, even
developing countries, such as China, are making progress on envi-
ronmental problems. China now has more than 200,000 wind gen-
erators and 10 million biogas generators (the most in the world).
Solar collectors on 35 million buildings furnish hot water. China
could easily get allits energy from renewable sources, and it may
be beter able to provide advice and technology to other develop-
ing countries than can rich nations,

Population and Pollution

Many cities in Europe and North America are cleaner and much
more livable now than they were a century ago. Clean technology,
such as the solar panels and wind turbines now being produced
in China, help eliminate pollution and save resources. Popula-
tion has stabilized in most industrialized countries and even in
some very poor countries where social security and democracy
have been established. Over the last 20 years, the average number
of children born per woman worldwide has decreased from 6.1
10 2.7 (see fig. 1.4). By 2050, the UN Population Division pre-
dicts that all developed countries and 75 percent of the develop-
ing world will experience a below-replacement fertiity rate of 2.1
children per woman. This prediction suggests that the world pop-
ulation will stabilize at about 8.9 billion rather than 9.3 billion,
as previously estimated.

Health

The incidence of life-threatening infectious discases has been
reduced sharply in most countries during the past century, while
life expectancies have nearly doubled on average (fig. 1.6a).
Smallpox has been completely eradicated and polio has been
vanquished except in a few countries. Since 1990, more than
800 million people have gained access to improved water supplies
and modemn sanitation. In spite of population growth that added
nearly a billion people to the world during the 1990s, the number
facing food insecurity and chronic hunger during this period actu-
ally declined by about 40 million.
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Information and Education

Because so many environmental issues can be fixed by new
leas, technologies, and strategies, expanding access to knowl-
edge is essential to progress. The increased speed at which
formation now moves around the world offers unprecedented
opportunities for sharing ideas. At the same time, literacy and
access to education are expanding in most regions of the world
(fig. 1.6b). Many developing countries may be able to benefit
from the mistakes made by industrialized countries and leapfrog
directly to sustainability.

Sustainable Resource Use Around the World
We are finding ways to conserve resources and use them more
sustainably. For example, improved monitoring of fisheries and

(b) Education

networks of marine protected areas promote species conservation
as well as human development (fig. 1.6¢).

Habitat Conservation

Brazil, which has the largest area of tropical rainforest in the

world, has reduced forest destruction by nearly two-thirds
in the past five years. In addition to protecting endangered spe-
cies, this is great news in the battle to stabilize our global climate.
Nature preserves and protected areas have increased nearly five-
fold over the past 20 years, from about 2.6 million kn” to about
122 million k. This represents only 8.2 percent of all land
area—less than the 12 percent thought necessary to protect a viable
sample of the world's biodiversity—but is a dramatic expansion
nonetheless (fig. 1.6d).
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(d) Increasing protected areas

FIGURE 1.6 Conditions are improving in many areas, including access to (@) health care and (b) education. In many areas,
(c) susteinable resource use s being improved by expanding (d) networks of protected areas.

Data: IUCN and Ut
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* The major
they claimed, had become so embedded in Washington politics and
concerned about their own jobs that they had become largely irrel-
evant. The greatest evidence of this impotence, they charged, was
the failure to influence policy on global climate change despite
years of work and hundreds of millions of dollars spent on lob-
bying. Even political candidates, such as John Kerry and Al Gore,
who had stellar records in Congress as environmental advocates,
barely mentioned it when running for office.

But just when the prospects for environmental progress
seemed darkest, we scemed to reach a tipping point. The evidence
of global climate change became impossible to ignore. But sev-
eral emerging leaders deserve credit and thanks as well. Al Gore,
who lost the U.S. presidency by just one vote in the Supreme
Court, reinvented himself as an environmental champion. In a
single year, he won a Grammy, an Emmy, and an Oscar, wrote
a best-selling book, and shared the Nobel Peace Prize with the
IPCC. Once reviled and rejected, he became a global environ-
mental hero.

Now a broader, diverse, savvy, and passionate movement i tak-
ing shape. The 350.0rg network has inspired tens of thousands of
ciizens to work 10 stop climate change. One of their more inspir-
ing campaigns was to restore Carter-era solar panels to the White
House. Installed in 1979 by then-president Jimmy Cartr, the solar
water heating panels were removed when Ronald Reagan took
office. Unity College in Maine rescued the panels and installed them
ona student dining hall, where they provided hot water for 30 years.
In 2010 a 350.0rg delegation delivered one of the panels to Wash-
ingon, D.C., 10 be reinstalled on the White House roof. During their
Tong—and well publicized—road trip from Maine to Washington,
they made many stops to demonstrate to the press and other inter-
ested parties how well the panel sill works after 36 years.

New leaders, including Majora Carter and Van Jones, have

brought poverty, jobs, and justice groups into the conversi-

tion. Business and religious leaders also joined in. More than
450 colleges pledged to adopt renewable energy and other mea-
sures to become climate-neutral. A new coalition called the Cli-
mate Action Network was organized to lobby for climate policy,
and a group called 1Sky sought to mobilize ordinary Americans to
work for green jobs, transform energy policy, and freeze climate
pollution levels. Together these groups hope to bring about a major
change in human history. Wouldn't you like to be part o this ffort?

I ional nongove 1 izati

mobilize many people
International nongovernmental organizations (NGOS) can be vital
in the strugle to protect areas of outstanding biological value. With-
out this help, local groups could never mobilize the public interest
or financial support for projects, such as saving Laguna San Ignacio.
‘The rise in international NGO in recent years has been phe-
nomenal. At the Stockholm Conference in 1972, only a handful of
environmental groups attended, almost all from fully developed
countries. Twenty years later, at the Rio Earth Summit, more than
30,000 individuals representing several thousand environmental

groups, many from developing countries, held a global Ecoforum
1o debate issues and form alliances for a better world.

Some NGOs are located primarily in the more highly developed
countries of the north and work mainly on local issues. Others are
headquartered in the north but focus their atiention on the problems
of developing counties n the south. Sill others are truly global, with
active groups in many different countres. A few are highly profes-
sional, combining private individuals with representatives of govern-
ment agencies on quasi-government boards or standing committees
with considerable power. Others are on the fringes of socie
times literally voices crying in the wildemess. Many work for political
change, more specialize in gathering and disseminating information,
action (0 protect a

Public education and consciousness-raising using protest
marches, demonstrations, civil disobedience, and other partici-
patory public actions and media events are generally important
tactics for these groups. Greenpeace, for instance, carries ot
well-publicized confrontations with whalers, seal hunters, toxic
waste dumpers, and others who threaten very specific and vis-
ible resources. Greenpeace may well be the largest environmental
organization in the world, claiming some 2.5 million contributing
members.

In contrast to these highly visible groups, others choose to work
behind the scenes, but their impact may be equally important. Con-

servation International has been a leader in debi-for-nature
@ swaps to protect areas particularly rich in biodiversity. It also
has some interesting initiatives in economic development, secking
products made by local people that will provide livelihoods along
with environmental protection (fig. 25.11).

FIGURE 25.11 Interational conservation groups often
initate economic development projects that provide a local
alternative to natural resource destruction
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FIGURE 25.8 Growth of national environmental organiza-
tions in the United States.

Stil, the established groups are powerful and important forces
in environmental protection. Their mass membership, large profes-

s, anc y et

influence not found in newer, smaller groups. The Sierra Club, for
instance, with about half a million members and chapters in almost

state, has a national taff of about 400, an annual budget over
$20 million, and 20 full-time professional lobbyists in Washington,
D.C. These national groups have become a potent force in Congress,
especially when they band together to pass specific legislation, such
s the Alaska National Interest Lands Act or the Clean Air Act.

In a survey that asked congressional staff and officials of
government agencies to rate the effectiveness of groups that
attempt to influence federal policy on pollution control, the top
five were national environmental organizations. In spite of their
large budgets and important connections, the American Petro-
Teun Institute, the Chemical Manufacturers Association, and the
Edison Electric Institute ranked far behind these environmental
groups in terms of influence.

Although much of the focus of the big environmental groups
n Washington, Audubon, Sierra Club, and Izaak Walton have
Tocal chapters, outings, and publicity campaigns (fig. 25.9). This
can be a good way to get involved. Go to some meetings, volun-
teer, offer to help. You may have to start out stuffing envelopes or
some other unglamorous job, but if you persevere, you may have a
chance to do something important and fun. It's a good way to leam
and meet people.

Some environmental groups, such as the Environmen-
tal Defense Fund (EDF), The Nature Conservancy (TNC), the
National Resources Defense Council (NRDC), and the Wilderness
Society (WS), have limited contact with ordinary members except
through their publications. They depend on a professional staff to
carry out the goals of the organization through litigation (EDF and
NRDC), land acquisition (TNC), or lobbying (WS). Although not
often in the public eye, these groups can be very effective because
of their unique focus. TNC buys land of high ecological value
that is threatened by development. With more than 3200 employees
and assets around $3 billion, TNC manages 7 million acres in
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FIGURE 25.9 Street theater can be a humorous, yet effec-
tive, way to convey a point in a nonthreatening way. Seeing that
You're committed to a cause may encourage your neighbors to

get involved as wel

FIGURE 25.10 The Nature Conservancy buys land with high
biodiversity or unique natural values to protect it fom misuse and
development.

what it describes as the world’s largest private sanctuary system
(fig. 25.10). Stil, the Conservancy is controversial for some of
its management decisions, such as gas and oil drilling in some
reserves, and including executives from some questionable com-
panies on its governing board and advisory council. The Con-
servancy replies that it is trying to work with these companies to
bring about change rather than just citicize them.

New players bring energy

to environmental policy

There's a new energy today in environmental groups. In 2004,
Michael Shellenberger nd Ted Nordhaus, conulins for the
Environmental Grant-making Foundation, proclaimed the “Death
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Calculating Your Ecological Footprint

Can the carh s our cutnt festyls? Wil the be adequate -
ural resources for future generations? These questions are among the
most important in environmental science today. We depend on nature for
kmd e, ey, oxygen, waste isposal, and other life-support sys-

ms. Sustainability implies that we cannot tum our resources into waste.
it thn mtre can recycle that waste and replenish the supplies on
which we depend. It also recognizes that degrading ecological systems
ultimately threatens everyone’s well-being. Although we may be able
10 overspend nature’s budget temporarily. future generations will nm
10 pay the debs we leave them. Living sustainably means meeting
own vital needs without compromising the ability of future g:nerxum)\
to meet their own need:

w can we evaluate and illustate our ecological impacts? Redefin-
ing Progress, a nongovernmental environmental organization, has devel-
oped a measure called the ecological footprint to compute the demands
placed on nature by individuals and nations. A simple questionnaire of
16 items gives a rough estimate of your personal foofprint. A more co
plex assessment of 60 categories including primary commodities (such as
milk, ) as the manufactured products derived
from them, g.m ameasure of national consumption paterns.

According to Redefining Progress, the average world citizen has an
ecological footprint equivalent to 23 hectares (5.6 acres), while the bio-
Togically productive land available is only 1.9 hectares (ha) per person.
How can this be? The answer is that we're using nonrenewable resources
(such as fossil fuels) to support a lifestyle beyond the productive capacity
of our environment. Its like living by borrowing on your eredit cards. You
can do it for a while, but eventually you have to pay off the defict. The
unbalance is far more pronounced in some of the richer countries. The
average resident of the United States, for example, lives at a consumption
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FIGURE 1 Ecological footprint by regin, 2005. Bar weight shows foatprint per
erson. Width of bars shows population size. Area of bars shaws the region's
total ecologica foatpint.

Source: W, 208

Tevel that requires 9.7 ha of bioproductive land. A dramatic comparison of
consumption levels versus population size is shown in figure 1. If every-
one in the world were to adopt a North American lifestyle, we'd need
abnul fwr o planets to suppart s all.You can check out your own
footprint by going to v redefiningpr

lec uny model an eceogical foprin gives 4 el descripion
of a system. Also like any model, it is built on a number of assumptions;
(1) Various measures of resource consumption and waste flows can be
converted into the biologically productive area required to maintain thern;
(2)different kinds of resource use and dissimilar types of productive land
can be standardized into roughly equivalent areas; (3) because these areas
sand fo mutaly exclsive uss they an e addedup 0 ot ot
world
area of bmpmdm:llv: Tand. The model also implies that our world has a
fixed supply of resources that can't be expanded. Part of the power of this
metaphor is that we all can visualize a specific area of land and imagine
it being divided into smaller and smaller parcels as our demands increase.
But this perspective doesn't take into account technological progress. For
example, since 1950, world food production has increased about four-
fold. Some of this growth has come from expansion of croplands, but
most has come from technological advances such as irigation, fertlizer
use, and higher-yielding crop varieties. Whether this level of production
is sustainable s another question, but this progress shows that land area
isn'talways an absolute limit. Similarly, switching to renewable energy
sources such as wind and solar power would make a huge impact on st
mates of our ecological footprint, Notice thatin figure 2 energy consump-
tion makes up about half of the calculated footprint,

‘What do you think? Does analyzing our ecological footprint inspire
you to correct our mistakes, or does it make sustainability seem
impossible goal? If we in the richer nations have the technology and
political power to exploit a larger share of resources, do we have a

o 50, or do we have an ethical responsibility to restrain our
consumption? And what about future generations? Do we have an obli-
‘gation 10 leave resources for them, or can we assume they Il make tech-
nological discoveries o solve their own problems if resources become
scarce? You'll find that many of the environmental issues we discuss in
this book aren't simply a matter of needing more scientific data. Ethical
considerations and intergenerational justice often are just as important
as having more facts.
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FIGURE 2 Humarity'secological fotprint has nearty ipled since 1961, when
we began to collct gobal environmental data
Soure: W, 2008
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Renewable Energy

As the opening case study for this chapter shows, dramatic prog-
ress s being made in a transition to renewable energy sources. With
mass production in China and progress in thin film technology in
the United States, prices for solar panels dropped by 50 percent in
2010 making them much more competitive with fossil fuels. The
European Union has pledged to get 20 percent of its energy from
renewable sources by 2020, Former British Prime Minister Tony
Blair laid out even more ambitious plans to fight global warming
by cutting carbon dioxide emissions in his country by 60 percent
through energy conservation and a switch to renewables,

Carbon Markets and Standards
Cap and trade programs in which limits are established on green-
house gas emissions and companies can buy and sell discharge
permits have been in place in Europe for several years and are
stimulating both conservation measures and _technological
improvements. In 2010, California, which would be the cighth
largest economy in the world, if it were an independent country,
established a similar program, the first ofits kind in Amer

International Cooperation

Currently, more than 500 international environmental protection
agreements are now in force. Some, such as the Montreal Protocol
on Stratospheric Ozone, have been highly successful. Others, such
as the Law of the Sea, lack enforcement powers. Perhaps the most
important of all these treaties is the Kyoto Protocol on global cli-
mate change, which has been ratified by 191 countries including
every industrialized nation except the United States.

1.3 A BRIEF HISTORY OF CONSERVATION
AND ENVIRONMENTALISM

Many of our current ideas about our environment and its resources
were articulated by writers and thinkers in the past 150 years.
Although many earlier societies had negative impacts on their
environments, recenttechnological innovations have  greatly
increased our impacts. As a consequence of these changes, differ-
ent approaches have developed for understanding and protecting
our environment. We can divide conservation history and envi-
ronmental activism into at least four distinet stages: (1) pragmatic
resource conservation, (2) moral and aesthetic nature preservation,
(3) a growing concer about health and ecological damage caused
by pollution, and (4) global environmental citizenship. Each era
focused on different problems and each suggested a distinctive set
of solutions. These stages are not necessarily mutually exclusive,
however; parts of each persist today in the environmental move-
ment and one person may embrace them all simultaneously.

Nature protection has historic roots

Recognizing human misuse of nature is not unique to modern
times. Plato complained in the fourth century n.c. that Greece once
was blessed with fetile soil and clothed with abundant forests of
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fine trees. Afte the trees were cut to build houses and ships, how-
ever, heavy rains washed the soil into the sea, leaving only a rocky
“skeleton of a body wasted by disease” (fig. 1.7). Springs and riv-
ers dried up while farming became all but impossible. Many clas-
sical authors regarded Earth as a living being, vulnerable to aging,
illness, and even mortality. Periodic threats about the impending
death of nature as a result of human misuse have persisted into
our own time. Many of these dire warnings have proven (0 be pre-
mature or greatly exaggerated, but others remain relevant to our
own times. As Mostafa K. Tolba, former Executive Director of the
United Nations Environment Program has said, “The problems
that overwhelm us today are precisely those we failed to solve
decades ago.”

Some of the earlest scientific studies of environmental dam-
age were carried out in the eighteenth century by French and
British colonial administrators who often were trained scientists
and who observed rapid soil loss and drying wells that resulted
from intensive colonial production of sugar and other commodi-
ties. Some of these administrators recognized that environmental
stewardship was an economic necessity. These early conserva-
tionists observed and understood the connection between defor-
estation, soil erosion, and local climate change. The pioneering
British plant physiologist, Stephen Hales, for instance, suggested
that conserving green plants preserved rainfall. His ideas were put
into practice in 1764 on the Caribbean island of Tobago, where
about 20 percent of the land was marked as “reserved in wood
for rains.”

Pierre Poivre, an carly French goveror of Mauritius, an
island in the Indian Ocean, was appalled at the environmental and

FIGURE 1.7 Nearly 2,500 years ago, Plato lamented land
degradation that denuded the hils of Greece. Have we learned
from history's lessons?
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Furthermore, the brown paper bags used in most supermar-
Kkets are made primarily from virgin paper. Recycled fibers aren't
strong enough for the weight they must carry. Growing, harvest.
ing, and transporting logs from agroforestry plantations can be as
environmentally disruptive s oil production. It takes a great deal
of energy to pulp wood and dry newly made paper. Paper is also
heavier and bulkier to ship than plastic. Although the polyethyl-
ene used to make a plastic bag contains many calories, in the end,
paper bags are generally more energy-intensive to produce and
market than plastic ones.

I both paper and plastic go to a landfill in your community,
the plastic bag takes up less space. It doesn’t decompose in the
Tandiill, but neither does the paper in an air-tight, water-tight land-
fill. I paper i recycled but plastc is not, then the paper bag may be
the better choice. If you are lucky enough to have both paper and
plastic recycling, the plastic bag is probably a better choice since
it recycles more easily and produces less pollution in the process.
“The best choice of allis o bring your own reusable cloth bag.

Complicated, isn’t it? We often must make decisions without
complete information, but i’s important to make the best choices
we can. Don't assume that your neighbors are wrong if they reach
conclusions different from yours. They may have valid consider-
ations of which you are unaware. The truth is that simple black
and white answers often don’t exist

“Taking personal responsibility for your environmental impact
can have many benefits. Recyeling, buying green products, and
other environmental actions not only set good examples for your
friends and neighbors, they also strengthen your sense of involve-
ment and commitment in valuable ways. There are limits, however,
0 how much we can do individually through our buying habits and
personal actions to bring about the fundamental changes needed to
save the carth. Green consumerism generally can do litle about
larger issues of global equity, chronic poverty, oppression, and the
suffering of millions of people in the developing world. There is a
danger that exclusive focus on such problems as whether to choose.
paper or plastic bags, or to sort recyclables for which there are no
markets, will divert our attention from the greater need to change
basic institutions,

25.4 How CAN WE WORK TOGETHER?

While some people can be effective working alone to bring about
change, most of us find it more productive and more satisfying to
work with others.

Collective action, such as that mobilized by 350.org. multi-
plies individual power (fig. 25.7). You get encouragement and
useful information from meeting regularly with others who share
your interests. Its easy to get discouraged by the slow pace of
change; having a support group helps maintain your enthusi-
asm. You should realize, however, that there is a broad spectrum
of environmental and social action groups. Some will suit your
particular interests, preferences, or beliefs more than others. In
this section, we will look at some environmental organizations as
well as options for getting involved.

As the opening case study for this chapter shows, collective
action can help change public and govemmental perceptions.
350.0rg’s theory of change is simple: if an international grassroots
movement holds our leaders accountable to the latest climate sci-
ence, we can start the global transformation we so desperately
need. By carrying out local projects linked in an intemational
movement, they hope to encourage their neighbors to take positive
teps to protect our environment, while also giving decision mak-
ers a sense of urgency and possibility for our planet

National organizations are influential
but sometimes complacent

Among the oldest, largest, and most influential environmental
‘groups in the United States are the National Wildlife Federation,
the World Wildlife Fund, the Audubon Society, the Sierra Club,
the Izaak Walton League, Friends of the Earth, Greenpeace, Ducks
Unlimited, the Natural Resources Defense Council, and The Wil-
demess Society. Each of these groups arose in response to differ-
ent challenges. The Audubon Society organized to protect egrets
and other birds, which were being slaughtered for their plumes
1o decorate ladies” hats. The Sierra Club was organized to protect
the giant redwood trees of California, and the valleys where they
grew, which were rapidly being logged for Ducks Unlim-
ited formed during the Dust Bowl years to protect ducks and their
habitat, in a time when farmers were draining wetlands as fast as
they could, and converting them to crop fields. The Wildeness
Society organized about the same time to protect open space for
all citizens, not just the richest, who could afford private retreats
inthe mountains.

Sometimes known as the “group of 10.” these large organiza
tions have become more established and lost many of their radi-
cal roots. They have professional staff that work with lawmakers
in state and federal governments. Membership in these groups
frequently rises in response to political trends, as in the 19805
(fig. 25.8). but most members are passive and only occasionally
involved in organizational activities. Many operations now are run
by professional staffs, rather than citizen volunteers.

FIGURE 25.7 Working together with others can give you
energy, inspiration, and a sense of accomplishment




+ “Natwral” is another vague and often misused term. Many
natural ingredients—lead or arsenic, for instance—are highly
toxic. Synthetic materials are not necessarily more dangerous
or environmentally damaging than those created by nature.

“Organic” can connote different things in different places.
There are loopholes in standards so that many synthetic
chemicals can be included in “organics.” On items such as
shampoos and skin-care products, “organic” may have no
significance at all. Most detergents and oils are organic
chemicals, whether they are synthesized in a laboratory or
found in nature. Few of these products are likely to have
pesticide residues anyway. Some cigarette brands advertise
that they're organic, but they're still toxic.

“Environmentally friendly” “environmentally safe.” and
“won't harm the ozone layer” are often empty claims. Since
there are no standards to define these terms, anyone can use
them. How much energy and nonrenewable material are used
in manufacture, shipping, or use of the product? How much
waste is generated, and how will the item be disposed of
when it is no longer functional? One product may well be
more environmentally benign than another, but be careful
who makes this claim.

Certification identifies low-impact products

Products that claim to be environmentally friendly are being
introduced at 20 times the normal rate for consumer goods. To
help consumers make informed choices, several national pro-
grams have been set up to independently and scientifically ana-
Iyze environmental impacts of major products. Germany’s Blue
Angel, begun in 1978, is the oldest of these programs. Endorse-
ment is highly sought after by producers since environmentally
conscious shoppers have shown that they are willing o pay more
for products they know have minimum environmental impacts. To
date, more than 2,000 products display the Blue Angel symbol.
“They range from recycled paper products, energy-efficient appli-
ances, and phosphate-free detergents to refillable dispensers.

Similar programs are being proposed in every Western Euro-
pean country as well as in Japan and North America. Some are
autonomous, nongovernmental efforts like the United States”
Green Seal program (managed by the Alliance for Social Respon-
sibility in New York). Others are quasi-governmental instiutions
such as the Canadian Environmental Choice programs

eyele analysis (fig. 25.6) that evaluates material and energy inputs
and outpus at each stage of manufacture, use, and disposal of the
product. While you need to consider your own situation in making
choices, the information supplied by these independent agences is
generally more reliable than self-made claims from merchandisers.

Green consumerism has limits

To quote Kermit the Frog, “It's not easy being green.” Even with
the help of endorsement programs, doing the right thing from
an environmental perspective may not be obvious. Often we are
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FIGURE 25.6 At each stage inis lfe cycle, a product
receives inputs of materials and energy, produces outputs
of materials or eneray that move to subsequent phases, and
releases wastes into the environment.

faced with complicated choices. Do the social benefits of buy-
ing rainforest nuts justify the energy expended in transporting
them here, or would it be better to eat only locally grown prod-
ucts? In switching from Freon propellants to hydrocarbons, we
spare the stratospheric ozone but increase hydrocarbon-caused
smog. By choosing reusable diapers over disposable ones, we
decrease the amount of material going to the landfill, but we
also increase water pollution, energy consumption, and pesti-
cide use (cotton is one of the most pesticide-intensive crops
grown in the United States).

When the grocery store clerk asks you, “Paper or plastic?”
you probably choose paper and feel environmentally virtuous,
right? Everyone knows that plastic is made by synthetic chemi-
cal processes from nonrenewable petroleum or natural gas. Paper
from naturally growing trees is a better environmental choice,
isn't it? Well, not necessarily. In the first place, paper making
consumes water and causes much more water pollution than does.
plastic manufacturing. Paper mills also release air pollutants,
including foul-smelling sulfides and captans as well as highly
toxic dioxins.
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social devastation caused by destruction of wildlife (such as the
flightless dodo) and the felling of ebony forests on the island by
early European setlers. In 1769, Poivre ordered that one-quarter
of the island was to be preserved in forests, particularly on steep
mountain slopes and along waterways. Mauritius remains a model
for balancing nature and human needs. Its forest reserves shelter
alargr percentage of its original flora and fauna than most other
human-occupied islands.

Resource waste inspired pragmatic,
utilitarian conservation

Many historians consider the publication of Man and Nature in
1864 by geographer George Perkins Marsh as the wellspring of
environmental protection in North America. Marsh, who also
was a lawyer, politician, and diplomat, traveled widely around
the Mediterranean as part of his diplomatic duties in Turkey
and Taly. He read widely in the classics (including Plato) and
personally observed the damage caused by the excessive graz-
ing by goats and sheep and by the deforesting of steep hillsides.
Alarmed by the wanton destruction and profligate waste of
resources sill occurring on the American frontier in his lifetime,
he warned of its ecological consequences. Largely as a result of
his book, national forest reserves were established in the United
States in 1873 to protect dwindling timber supplies and endan-
gered watersheds.

mong those influenced by Marsh’s warnings were President
‘Theodore Roosevelt (fig. 1.8a) and his chief conservation advisor,
Gifford Pinchot (fig. 1.8). In 1905, Roosevelt, who was the leader
of the populist, progressive movement, moved the Forest Service
out of the cormuption-flled Interior Department into the Depart-
ment of Agriculture. Pinchot, who was the first native-bom pro-
fessional forester in North America, became the founding head of
this new agency. He put resource management on an honest, ratio-
nal, and scienific basis for the firt time in our history. Together
with naturalists and activists such as John Muir, William Brewster,
and George Bird Grinnell, Roosevelt and Pinchot established the
framework of our national forest, park, and wildlife refuge sys-
tems, passed game protection laws, and ried to stop some of the
most flagrant abuses of the public domain.

‘The basis of Roosevelt’s and Pinchots policies was pragmatic
utilitarian conservation. They argued that the forests should be
saved “not because they are beautiful or because they shelter wild
creatures of the wilderess, but only to provide homes and jobs
for people” Resources should be used “for the greatest good, for
the greatest number for the longest time.” “There has been a fun-
damental misconception,” Pinchot said, “that conservation means
nothing but husbanding of resources for future generations. Noth-
ing could be further from the truth. The first principle of conserva-
tion s development and use of the natural resources now existing
on this continent for the benefit of the people who live here now.
‘There may be just as much waste in neglecting the development
and use of certain natural resources as there is in their destruction.”
“This pragmatic approach still can be seen today in the multiple use
policies of the Forest Service.

(b) Gifford Pinchot

(c) John Muir (d) Aldo Leopold

FIGURE 1.8 Some early pioneers of the American
conservation movement. President Teddy Roosevelt (a) and his
main advisor Gifford Pinchot (b) emphasized pragmatic resource
conservation, while John Mur (c) and Aldo Leopold (d) focused
on ethical and aesthetic relationships.

Ethical and aesthetic concerns inspired
the preservation movement

John Muir (fig. 1.8¢), geologist, author, and first president of the
Sierra Club, strenuously opposed Pinchot's uilitarian approach.
Muir argued that nature deserves to exist for its own sake, regard-
less of its usefulness to us. Aesthetic and spiritual values formed
the core of his philosophy of nature protection. This outlook has
been called biocentric preservation because it emphasizes the
fundamental right of other organisms to exist and to pursue their
own interests. Muir wrote: “The world, we are told, was made for
man. A presumption that is totally nsupported by the facts. . . .
Nature’s object in making animals and plants might possibly be
first of all the happiness of each one of them. . .. Why ought man
10 value himself as more than an infinitely small unit of the one
‘great unit of creation?”

Muir, who was an early explorer and interpreter of the Sierra
Nevada Mountains in California, fought long and hard for estab-
lishment of Yosemite and Kings Canyon National Parks. The
National Park Service, established in 1916, was first headed by
Muir's disciple, Stephen Mather, and has always been oriented
toward preservation of nature in its purest state. It has often been
at odds with Pinchot’s utlitarian Forest Service.
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FIGURE 1.9 Aldo Leopold's Wisconsin shack, the mai loca-
tion for his Sand County Almanac, in which he wrote, A thing is
right when it tends to preserve the integriy, stabilty, and beauty
of the biotic community. It is wrong when it tends otherwise.” How
might you apply this to your ife?

In 1935, pioneering wildlife ecologist Aldo Leopold (fig. 1.8)
bought a small, worn-out farm in central Wisconsin. A dilapidated
chicken shack, the only remaining building, was remodeled into a
rustic cabin (fg. 1.9). Working together with his children, Leopold
planted thousands of trees in a practical experiment in restoring the
health and beauty of the and. Leopold argued for stewardship of
the land. He wrote of “the land ethi which we should care
for the land because it's the right thing to oo well s he st
thing. “Conservation,” he wrote, “is the positive exercise of skill
and insight, not merely a negative exercise of abstinence or cau-
tion” The shack became a writing refuge and became the main
focus of A Sand County Almanac, a much beloved collection of
essays about our relation with nature. In it, Leopold wrote,
abuse land because we regard it as a commodity belonging to us
When we sce land as a community 10 which we belong, we may
begin to use it with love and respect.”

Think About It

Suppose a beautiul grove of trees near your house is scheduled
10 be cut down for a Givic project such as a swimming paol.
Would you support this? Why or why nat? Which of the phioso-
phies described in this chapter best describes your atitude?

Rising pollution levels led to the modern
environmental movement

‘The undesirable effects of pollution probably have been rec-
ognized at least as long as those of forest destruction. In 1273,
King Edward 1 of England threatened to hang anyone burning coal
in London because of the acrid smoke it produced. In 1661, the
English diarist John Evelyn complained about the noxious air pol-
lution caused by coal fires and factories and suggested that sweet-
smelling trees be planted to purify city air. Increasingly dangerous
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smog attacks in Britain led, in 1880, to formation of a national Fog
and Smoke Committee to combat this problem.

‘The tremendous industrial expansion during and after the Sec-
ond World War added a new set of concerns to the environmental
agenda. Silent Spring, written by Rachel Carson (fig. 1.10a) and
published in 1962, awakened the public to the threats of pollution
and toxic chemicals to humans as well as other species. The move-
ment she engendered might be called environmentalism because
its concems are extended to include both environmental resources
and pollution. Among the pioneers of this movement were activ-
ist Dmd Brower (fig. 1.105) and scientist Barry Commoner

fig. 1.10¢). Brower, while exccutive director of the Sierra Club,

Fnend\ of the Earth, and the Earth Island Insttute, introduced
many of the techniques of modem environmentalism, including
litigation, intervention in regulatory hearings, book and calendar
publishing, and using mass media for publicity campaigns.

Barry Commoner, like Rachel Carson, emphasized the links
between science, technology, and society. Trained as a molecular
biologist, Commoner was an early example of activist scientists,
who speak out about public hazards revealed by their research.
Many of today's efforts to curb climate change or reduce biodiver-
sity losses are led by scientists who raise the alarm about environ-
mental problems.

(a) Rachel Carson (b) David Brower

(c) Barry Gommoner (d) Wangar Maathai

Figure 1.10 Among many distinguished environmental lead-
ers in modern times, Rachel Carson (a), David Brower (o), Barry
Commoner (c}, and Wangari Maathai (d) stand out for their dedii-
cation, innovation, and bravery.
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We can choose to reduce our
environmental impacts

Often, seemingly small steps can have significant environmental
effects. Would you be surprised to learn that for most of us, switch-
ing from a red-meat based diet to a vegetarian one can reduce our
‘greenhouse footprint as much as trading in a normal size sedan for
a hybrid? That's the conclusion of a study by researchers at the
University of Chicago. Raising beef takes a lot more energy than
growing the equivalent amount of vegetables, grains, and fruit
Where it takes about 2 calories of fossil fuel energy to grow most
produce, the ratio can be as high as 80 to 1 for cattle raised in
confined feeding operations. Furthermore, those cattle eat mostly
‘grain (350 million tons of it in 2010), and much of the fertilizer
used to grow that grain, together with the millions of tons of
manure from feedlots, washes down the Mississippi River to cre-
ate amassive dead zone in the Gulf of Mexico. And the cattle emit
methane, which s 22 times as strong a greenhouse gas as CO,

Swilching (0 a vegetarian diet can also be good for your
health. Many studies show that consuming less fat reduces cardio-
vascular problems. If you really like meat, on the other hand, there
are some alternatives (o strict vegetarianism that can be good for
‘you and the planet. Growing chickens or farm-raised fish (prefer-
ably vegetarian ones, such s tlapia or catfish) takes about one-
tenth as much energy as beef, and has far less fat. Or eating only
Tocally grown, grass-fed beef has far less environmental impact
than those from confined feeding operations.

Collectively, the choices we make can be important. The
‘What Can You Do? list on this page has some other suggestions
for lowering your environmental impacts

“Green washing” can mislead consumers

Although many people report they prefer to buy products and
packaging that are socially and ecologically sustainable, there is
a wide gap between what consumers say in surveys about pur-
chasing habits and the actual sales data. Part of the problem is
accessibility and affordability. In many areas, green products
either aren’t available or are so expensive that those on limited
incomes (as many living in voluntary simplicity are) can’t afford
them. Although businesses are beginning to recognize the size
and importance of the market for “green” merchandise, the vari
ety of choices and the economies of scale haven't yet made envi-
ronmentally friendly products as accessible as we would like.

Another problem is that businesses, eager to cash in on this
premium market, offer a welter of confusing and often misleading
claims about the sustainability of their offerings. Consumers must
be wary 10 avoid “green scams” that sound great but are actually
only overpriced standard items. Many terms used in advertising
are vague and have little meaning. For example:

“Nontoxic” suggests that a product has no harmful effects
on humans. Since there is no legal definition of the term,
however, it can have many meanings. How nontoxic is the
product? And to whom? Substances not poisonous to humans
can be harmful to other organisms.

“Biodegradable;” “recyclable;” “reusable.” or “compostable™
may be technically correct but not signify much. Almost
everything will biodegrade eventually, but it may take thou-
sands of years. Similarly, almost anything is potentially recy-
clable or reusable; the real question is whether there are
programs to do so in your community. If the only recycling
or composting program for a particular material is half a
continent away, this claim has litle value,

What Can You Do? -

—

Reducing Your Impact

Purchase Less

Ask yourself whether you really need more St

Avoid buying things you don't need or won't use.

Use items as long as possible (and don't replace them just because a
new product becomes available).

Use the library instead of purchasing books you read.

Make gifts from materials already on hand, or give nonmaerial gifs.

Reduce Excess Packaging

‘Cary reusable bags when shopping and refuse bags for smal purchases.

Buy items in bulk or with minimal packaging: avoid single-serving
foods.

Choose packaging that can be recycled or reused.

Avoid Disposable Items

Use cloth napkins, handkerchiefs, and towels

Bring a washable cup to meetings; use washable plates and utensils
ather than single-use items.

Buy pens, razors, flashlights, and cameras with replaceable parts.

Choose items built to last and have them repaired; you will save mate-
tials and energy while providing jobs in your community.

Conserve Energy

Walk, bicycle, or use public transportation

“Turn off (or avoid turning on) lights, water, heat, and air condition-
ing when possible.

Put up clotheslines or racks in the backyard, carport, or
basement (0 avoid using a clothes dryer.

Carpool and combine trips 10 reduce car mileage.

Save Water

‘Water lawns and gardens only when necessary.

Use water-saving devices and fewer flushes with toilets.

Don't leave water running when washing hands, food, dishes, and
teeth

Basd o et b Kan OBl Misum i, sty of
Minnesoa, 1992 Used by perni
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communication, critical thinking, balance, vision, flexibility,
and caring that should serve you well. Large companies need
a wide variety of people; small companies need a few people
who can do many things well. There are many opportunities for
planners (chapter 22), health professionals (chapter 8), writers.
teachers, and policy makers.

25.3 WHAT CAN INDIVIDUALS Do?

Some prime reasons for our destructive impacts on the earth are
our consumption of resources and disposal of wastes. Technology
has made consumer goods and services cheap and readily avail-
able in the richer countries of the world. As you already know, we
in the industrialized world use resources at a rate out of propor-
tion to our percentage of the population. If everyone in the world
were to attempt to live at our level of consumption, given current
methods of production, the results would surely be disastrous. In
this section we will look at some options for consuming less and
reducing our environmental impacts. Perhaps no other issue i this
book represents so clear an ethical question as the topic of respon-
sible consumerisi

How much is enough?

Our consumption of resources and disposal of wastes often have
destructive impacts on the earth. Air and water quality,
versity, open space, and global climate all suffer because of the
lifestyle choices we make. But do we really need all the stuff we
consume or accumulate? Might our lives be simpler and more
fulflling if we could learn to live more sustainably? While bil-
lions of people don't have enough to survive, many of us suffer
from t0o much.

A century ago, economist and social eritic, Thorstein
Veblen, in his book, The Theory of the Leisure Class, coined
the term conspieuous consumption to describe buying things
we don’t want or need just to impress others. How much more
shocked he would be to see current trends. The average American

MODERNE _MAN

now consumes twice as many goods and services as in 1950.
The average house is now more than twice as big as it was
50 years ago, even though the typical family has half as many
people. We need more space to hold all the stuff we buy. Shop-
ping has become the way many people define themselves. As
Marx predicted, everything has become commodified; getting
and spending have eclipsed family, ethnicity, even religion
as the defining matrix of our lives. But the futility and irrel-
evance of much American consumerism leaves a psychologi-
cal void. Once we possess things, we find they don’t make us
young, beautiful, smart, and interesting as they promised. With
S0 much attention on earning and spending money, we don’t
have time to have real friends, to cook real food, to have cre-
ative hobbies, or to do work that makes us feel we have accom-
plished something with our lives. Some social critics call this
drive to possess stuff “affluenza.”

A growing number of people find themselves stuck in
vicious circle: They work frantically at a job they hate, to buy
things they don’t need, so they can save time to work even longer
hours (fig. 25.5). Secking a measure of balance in their lives, some
opt out of the rat race and adopt simpler, less-consumptive lfe-
styles. As Thoreau wrote in Walden, “Our lfe is frittered away by
detail .. simplify, simplify.”

The United Nations Environment Programme (UNEP) has
held workshops on sustainable consumption in Paris and Tokyo.
Recognizing that making people feel guilty about their life-
styles and purchasing habits isn’t working, UNEP s attempting
to find ways to make sustainable living something consumers
will adopt willingly. The goal is economically, socially. and
environmentally viable solutions that allow people to enjoy a
good quality of life while consuming fewer natural resources
and polluting less. A good example of this approach is a Brit-
ish automaker that provides a mountain bike with every car it
sells, urging buyers to use the bike for short journeys. Another
example cited by UNEP is European detergent makers who
encourage customers to switch to low-temperature washing lig-
uids and powders, not just to save energy but because it's good
for their clothes.

SO WE CAN
HAVE J0BS

FIGURE 25.5 s tfis our fighest purpose?

Source: © 1990 Bruce von Alten,

566 CHAPTER 25 What Then Shall We Do?

FOR
CONSOMPTION!

huapyfwwmbhe.comfeunningham| e

Environmental quality is tied to social progress

Many people today believe that the roots of the environmental
movement are elitist—promoting the interests of a wealthy minor-
ity, who can afford to vacation in wilderness. In fact, most environ-
mental leaders have seen social justice and environmental equity as
closely linked. Gifford Pinchor, Teddy Roosevelt, and John Muir
all strove to keep nature and resources accessible o everyone, at
a time when public lands, forests, and waterways were increa
ingly controlled by a few wealthy individuals and private corpora-
tions. The idea of national parks. one of our principal strategies for
nature conservation, is to provide public access to natural beauty
and outdoor recreation. Aldo Leopold, a founder of the Wilderne:
Society, promoted ideas of land stewardship among farmers, fish-
ers, and hunters. Robert Marshall, also a founder of the Wilderness
Society, campaigned all his life for social and economic justice
for low-income groups. Both Rachel Carson and Barry Commoner
were principally interested in environmental health—an issue that
is especially urgent for low-income, minority, and inner-city resi-
dents. Many of these individuals grew up in working class fami-
lies, so their sympathy with social causes is not surprising.

Increasingly, environmental activists are linking environ-
mental quality and social progress on a global scale. One of the
core concepts of modern environmental thought is sustainable
development, the idea that economic improvement for the world’s
poorest populations is possible without devastating the environ-
ment. This idea became widely publicized after the Earth Summit,
a United Nations meeting held in Rio de Janeiro, Brazil, in 1992.
‘The Rio meeting was a pivotal event because it brought together
many diverse groups. Environmentalists and politicians from
wealthy countries, indigenous people and workers struggling for
rights and land, and government representatives from developing
countries all came together and became more aware of their con-
mon needs.

Some of today’s leading environmental thinkers come from
developing nations, where poverty and environmental degradi-
tion together plague hundreds of millions of people. Dr. Wangari
Maathai of Kenya is a notable example. In 1977, Dr. Maathai
(fig. 1.10d) founded the Green Belt Movement in her native Kenya
s way of both organizing poor rural women and restoring their
environment. Beginning at a small, local scale, this organization
has grown to more than 600 grassroots networks across Kenya.
They have planted more than 30 million trees while mobilizing
communities for self-determination, justice, equity, poverty redu
tion, and environmental conservation. Dr. Maathai was elected
0 the Kenyan Parliament and served as Assistant Minister for
Environment and Natural Resources. Her leadership has helped
bring democracy and good government to her country. In 2004,
she received the Nobel Peace Prize for her work, the first time a
Nobel has been awarded for environmental action. In her accep-
tance speech, she said, “Working together, we have proven that
sustainable development is possible; that reforestation of degraded
land is possible; and that exemplary governance is possible when
ordinary citizens are informed, sensitized, mobilized and involved
in direct action for their environment.”

FIGURE 1.11 The lfe-sustaining ecosystems on which we all
depend are unique in the universe, as far as we know.

Under the leadership of a number of other brilliant and
dedicated activists and scientists, the environmental agenda was
expanded in the 1960s and 1970s to include issues such as human
population growth, atomic weapons testing and atomic power,
fossil fuel extraction and use, recycling, air and water pollution,
wildemness protection, and a host of other pressing problems that
are addressed in this textbook. Environmentalism has become well
established on the public agenda since the first national Earth Day
in 1970. A majority of Americans now consider themselves en
ronmentalists, although there is considerable variation in what that
term means.

Photographs of the carth from space (fig. 1.11) provide a
powerfulicon for the fourth wave of ecological concern that might
be called global environmentalism. These photos remind us how
small, fragile, beauiful, and rare our home planet is. We all share
acommon environment at this global scale. As our attention shifts
from questions of preserving particular landscapes o preventing
pollution of a specific watershed or airshed, we begin to worry
about the life-support systems of the whole planet.

A growing number of Chinese activists are part of this global
environmental movement. In 2006, Yu Xiaogang was awarded the
Goldman Prize, the world's top honor for environmental protec-
tion. Yu was recognized for his work on Yunan’s Lashi Lake where
e brought together residents, government officials, and entrepre-
neurs to protect wetlands, restore fisheries, and improve water
quality. He also worked on sustainable development programs,
such as women's schools and microcredit loans. His leadership
was instrumental in stopping plans for 13 dams on the Nu River
(known as the Salween when it crosses into Thailand, and Burma).
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Another Goldman Prize winner is Dai Qing, who was jailed for
her book that revealed the social and environmental costs of the
‘Three Gorges Dam on the Yangtze River.

Other global environmental leaders who will be discussed
later in this book include Professor Muhammad Yunus of Bangla-
desh, who won the Nobel Peace Prize in 2006 for his microcredit
Toan program at the Grameen Bank, and former Norwegian Prime
Minister Gro Harlem Brundtland, who chaired the World Com-
mission on Environment and Development, which coined the most
widely accepted definition of sustainability.

1.4 HuMAN DIMENSIONS
OF ENVIRONMENTAL SCIENCE

Because we live in both the natural and social worlds, and because
we and our technology have become such dominant forces on the
planet, environmental science must take human institutions and
the human condition into account. We live in a world of haves and
have-nots; a few of us live in increasing luxury, while many others
Tack the basic necessities for a decent, healthy, productive lfe. The
World Bank estimates that more than 1.4 billion people—about
one-fifth of the world's population—live in extreme poverty with
an income of less than (U.S.)$1.25 per day (fig. 1.12). These poor-
est of the poor often lack access to an adequate diet, decent hous-
ing, basic sanitation, clean water, education, medical care, an
other essentials for a humane existence. Seventy percent of those
people are women and children. In fact, four out of five people in
the world live in what would be considered poverty in the United
States or Canada.

Policymakers are becoming aware that liminating poverty and
protecting our common environment are inextricably interlinked
because the world's poorest people are both the victims and the
agents of environmental degradation. The poorest people are often
forced to meet short-term survival needs at the cost of long-term
sustainability. Desperate for croplands to feed themselves and their
families, many move into virgin forests or cultivate steep, erosion-
prone hillsides, where soil nutrients are exhausted afier only a few
years. Others migrate to the grimy, crowded slums and ramshackle
Shantytowns that now surround most major cites in the developing
world. With no way to dispose of wastes, the residents often foul
their environment further and contaminate the air they breathe and
the water on which they depend for washing and drinking.

‘The cycle of poverty, illness, and limited opportunities can
become a self-sustaining process that passes from one generation
o another. People who are malnourished and ill can't work pro-

Juctively to obtain food, shelter, or medicine for themselves or
their children, who also are malnourished and ill. About 250 mil-
lion children—mostly in Asia and Africa and some as young as
4 years old—are forced to work under appalling conditions weay-
ing carpets, making ceramics and jewelry, or working in the sex
trade. Growing up in these conditions leads to educational, psy-
chological, and developmental deficits that condemn these chil-
dren to perpetuate this cycle.
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FIGURE 1.12 Three-quarters of tne world's poorest nations
are in Africa. Millons of people lack adequate food, housing
medicl care, clean water, and safety. The human suffering
engendered by this poverty is tragic.

Faced with immediate survival needs and few options, these
but ces:

in doing so, however, they diminish not only their own options but
also those of future generations. And in an increasingly intercon-
nected world, the environments and resource bases damaged by pov-
erty and ignorance are directly linked to those on which we depend.

The Worldwatch Institute warns that “poverty, disease and
environmental decline are the true axis of evil” Terrorist attacks—
and the responses they provoke—are the symptoms of the underly-
ing sources of global instability, including the dangerous interplay
among poverty, hunger, disease, environmental degradation, and
tising resource competition. Failure to deal with these sources of
insecurity could plunge the world into a dangerous downward spi-
ral in which instability and radicalization grows. Unless the world
takes action to promote sustainability and equity, Worldwatch sug-
gests we will face an uphill battle to deal with the consequences of
wars, terrorism, and natural disasters.

We live in an inequitable world

About one-fifth of the world's population lives in the 20 richest
countries, where the average per capita income is above (U.S.)
$35.000 per year. Most of these countries are in North America
or Western Europe, but Japan, Singapore, and Australia also fall
into this group. Almost every country, however, even the rich-
est, such as the United States and Canada, has poor people.
No doubt everyone reading this book knows about homeless
people or other individuals who lack resources for a safe, pro-
ductive life. According to the U.S. Census Bureau, 37 million
Americans—one-third of them  children—live in-households
below the poverty line.

The other fourfifths of the world's population lives in
middle- or low-income countries, where nearly everyone is poor
by North American standards. Nearly a billion people live in the
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Citizen Science and the

Christmas Bird Count

Every Christmas since 1900, ded-
icated volunteers have counted
and recorded al the birds they
can find within their team’s des-
ignated study site (fig. 1). This
effort has become the largest,
longest-running, citizen-science
project in the world, For the
100th count, nearly 50,000 par-
ticipants in about 1,800 teams
observed 58 million birds belong-
ing to 2,309 species. Although
about 70 percent of the counts
in 2000 were made in the United
States or Canada, 650 teams in

on where birds occur. One of
the most intriguing phenomena
revealed by this continent-wide
datacollection is imuptive
behavior: that is, appearance
of massive numbers of a par-
ticuler species in a given area
in one year, and then their
move to other places in subse-
quent years following weather
patterns, food availabi
other factors.

In 2010, the 110th Christmas
Bird Count included 60,753
observers who collcted data on

the Caribbean, Pacific Islands,  FIGURE 1 Citizen-science projects, such as the Chrstmas Bird Count, encourage peapleto 55 million birds in 2,160 loca-
and Central and South America help study their local environment. i

also participated. Participants
enter their bird counts on stan-

amateur bird-watchers can study the geo-

tions  across North  America.
This citizen-science efforthas
produced a rich, geographically

dardized data sheets, or submit their observa-  graphical distribution of a single species over  broad data set fr larger than any that could be
tions over the Intemet, Compiled data can be time, or they can examine how all species produced by professional scientists (fig. 2). Fol-

viewed and investigated online, almost as soon  vary at a single site through the years. Those  lowing the success of the Christmas Bird G

as they are submitted.

concerned about changing climate can look other

izen-science projects have been

Frank Chapman, the editor of Bird-Lore for variation in long-term distribution of spe- ated. Project Feeder Watch, which began in the
magazine and an officer in the newly formed  cies. Climatologists can analyze the effects of 19705, has more than 15,000 participants, from
Audubon Society, started the Christmas Bird  weather patterns such as EL Nifio or La Nina  schoolchildren and backyard bird-watchers to

Count in 1900. For years, hunters had
gathered on Christmas Day for a com-
petitive hunt, often kiling hundreds
of birds and mammals as teams tried
to outshoot each other. Chapman
suggested an altemative contest: to
see which team could observe and
identify the most birds, and the most
species, in 2 day. The competition
has grown and spread. In the 100th
annual count, the winning team was
in Monte Verde, Costa Rica, with an
amazing 343 species talled in a sin-
gle day.

The tens of thousands of bird-
watchers participating in the count
gather vastly more information
about the abundance and distribu-
tion of birds than biologists could
gather aloe. These data provide
important information for scientific
research on bird migrations, popula-
tions, and habitat change. Now that
the entire record for a century of bird
data is available on the BirdSource
website (ww.birdsource.ora), both
professional  omithologists  and

Black-capped chickadee
% Christmas Bird Count

FIGURE 2 Volunteer data collection can produce a huge, valuzble data set.
Christmas Bird Count data, such as this map, are avalable online.
Source: ata fram Audubon Socity

dedicated birders. The Great Backyard
Bird Count of 2010 collected records
on over 600 species and more than
6 millon individuel birds. In_other
areas, famers have been enlisted to
monitor pasture and tream health; vol-
unteers monitor water quality in local
streams and rvers; and nature reserves
slict volunteers to help gather eco-
logical data. You can lear more about
your local environment, and contribute
to scientifc research, by participating
in a citizen-science project. Contact
your local Audubonchapter or your
state’s department of natural resources
to find out what you can do.

How does counting birds contrib-
ute to sustainabilty? Citizen-science
projects are one way individuels can
learn more about the scientific pro-
cess, become familiar with their local
environment, and become more inter-
ested in community ssues. In this
chapter, we'l look at other ways indi-
viduals and groups can help protect
nature and move toward a sustainable
society.
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the Netherlands, where several dozen research centers now study
environmental issues ranging from water quality in the Rhine
River, cancer rates by geographic area, and substitutes for harm-
ful organic solvents. In cach project, students and neighborhood
‘groups team with scientists and university personnel to collect
data. Their results have been incorporated into official government
policies

Similar research opportunities exist in the United States and
Canada. The Audubon Christmas Bird Count is a good example
(Exploring Science, p. 565). Earthwatch offers a much smaller but
more intense opportunity to take part in research. Every year hun-
dreds of Earthwatch projects each field a team of a dozen or so
volunteers who spend a week or two working on issues ranging
from loon nesting behavior to archacological digs. The American
River Watch organizes teams of students to measure water quality.
You might be able to get academic credit as well as helpful practi-
cal experience in one of these research experiences.

Environmental careers range from
engineering to education
The need for both educators and

FIGURE 25.4 Many interesting, wel-paying jobs are open-
ing up in environmental fields. Here an environmental technician
takes a sample from a monitoring well for chemical analyss.

have an department. A few are beginning o explore.

professionals opens up many job opportunities in environmen-
tal fields. The World Wildlife Fund estimates, for example, that
750000 new jobs will be created over the next decade in the
renewable energy field alone. Scientists are needed to understand
the natural world and the effects of human activity on the environ-
ment. Lawyers and other specialists are needed to develop gov-
ermment and industry policy, laws, and regulations to protect the
environment. Engineers are needed to develop technologies and
products to clean up pollution and to prevent its production in
the first place. Economists, geographers, and social scientists are
needed to evaluate the costs of pollution and resource depletion
and to develop solutions that are socially, culturally, politically,
and economically appropriate for different parts of the world. In
addition, business will be looking for a new class of environmen-
tally literate and responsible leaders who appreciate how products
sold and services rendered affect our environment.

Trained people are essential in these professions at every
level, from technical and clerical support staff to top managers.
Perhaps the biggest national demand over the next few years will
be for environmental educators to help train an environmentally
literate populace. We urgently need many more teachers at every
Tevel who are trained in environmental education. Outdoor act
ties and natural sciences are important components of this mission,
but environmental topics such as responsible consumerism, waste
disposal, and respect for nature can and should be incorporated
into reading, writing, arithmetic, and every other part of education.

Green business and technology are growing fast

Can environmental protection and resource conservation—a so-
called green perspective—be a strategic advantage in business?
Many companies think so. An increasing number are jumping on
the environmental bandwagon, and most large corporations now

564 CHAPTER 25 What Then Shall We Do?

integrated programs to design products and manufacturing pro-
cesses to minimize environmental impacts. Often called “design
for the environment,” this approach is intended to avoid problems
at the beginning rather than deal with them later on a case-by-
case basis. In the long run, executives believe this will save money
and make their businesses more competitive in future markets. The
alternative i to face increasing pollution control and waste dis-
posal costs—now estimated to be more than $100 billion per year
for all American businesses—as well as to be tied up in expensive
litigation and administrative proceedings.

“The market for pollution-control technology and know-how
is also expected o be huge. Many companies are positioning
themselves to cash in on this enormous market. Germany and
Japan appear to be ahead of America in the pollution-control field
because they have had more stringent laws for many years, giving
them more experience in reducing effluents,

The rush to “green up” business is good news for those look-
ing for jobs in environmentally related fields, which are predicted
o be among the fastest growing areas of employment during the
next few years. The federal government alone projects a need to
hire some 10,000 people per year in a variety of environmental
disciplines (fig. 25.4). How can you prepare yourself to enter this
market? The best bet is to get some technical training: Environ-
mental engineering, analytical chemistry, microbiology. ecology,
limnology, groundwater hydrology, or computer science all have
great potential. Currently, a chemical engineer with a graduate
degree and some experience in an environmental field can practi-
cally name his or her salary. Some other very good possibilities
are environmental law and business administration, both rapidly
expanding felds.

For those who aren’t inclined toward technical fields, there
are many opportunities for environmental carcers. A good
liberal arts education will help you develop skills such as
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poorest nations, where the average per capita income is below

U.$.)$1,000peryear Amongthe 41 nations nthiscategory, 33
are in sub-Saharan Africa. All the other lowest-income nations,
except Haiti,are in Asia. Although poverty levels in countries such
as China and Indonesia have fallen in recent years, most countrics
in sub-Saharan Africa and much of Latin America have made litle
progress. The destabilizing and impoverishing effects of carlier
colonialism continue to play important roles in the ongoing prob-
Tems of these unfortunate countries. Mcanwhlle, the relative gap
between rich and poor has increased dramatically.

As table 1.1 shows, the gulf between the richest and poor-
est nations affects many quality-of-life indicators. The average
individual in the highest-income countries has an annual income
roughly 40 times that of those in the lowest-income nations. Infant
mortality in the least-developed countries is about 25 times us high
as in the most-developed countries. Only 23 percent of residents
i poorer countries have access to modern sanitation, while this
ammenity is essentially universal in richer countries. Carbon diox-
ide emissions (a measure of both energy use and contributions to
‘global warming) are 150 times greater in rich countries.

‘The gulf between rich and poor is even greater at the indi-
vidual level. The richest 200 people in the world have a combined
wealth of $1 trillion. This is more than the total owned by the
3 billion people who make up the poorest half of the world’s pop-
ulation. According to the United Nations Human Development
Program, this inequality is more detrimental to political stability
than absolute poverty.

Is there enough for everyone?

‘Those of us in the richer nations now enjoy a level of afflu-
ence and comfort unprecedented in human history. But we
consume an inordinate share of the world’s resources, and produce
an unsustainable amount of pollution to support our lifestyle. What

Table 1.1 _Quality of Life Indicators

Least-Developed  Most-Developed
Countries Countries

GDP/Person’ (U.5.)$1,006 (U.5.)$43,569
Poverty Index 59.7% ~0

Life Expectancy 53.2 years 80.6 years
Adule Literacy 58% 99t

Female Secondary Education 1% 95tk

Total Fertlity* 50 17

Infant Mortality* 99.5 4.1

Improved Sanitation 23% 100%
Improved Water 61% 100%
0,/capita’ 0.1 tons 15.2 tons

ol gos domestic
ecent g o s Tt o

hverage biths o

P 000 v s

Metric tons/y/person

Source: UNDP Hurman Development Indes, 2010,

FIGURE 1.13 *And may we continue to be worthy of con-
'suming a disproportionate share of this planet's resources.”
Source: © The New Yorer Colecion, 1982, Lea Loterz rom caroonbarkcom
A Rghts Resaned
if everyone in the world tried o live at that same level of consump-
tion? The United States, for example, with about 4.6 percent of
the world's population, consumes about 25 percent of all il while
producing about 25 percent of ll carbon dioxide and 50 percent of
all toxic wastes in the world (fig. 1.13). What will the environmen-
tal efectsbe if other nationstry o emulate our prosperit?

China that
study for this chapter. In the early 1960s,it’s estimated that 300 mil-
lion Chinese suffered from chronic hunger, and perhaps 50 million
starved 10 death in the worst famine in world history. Since then,
however, China has experienced amazing economic growth. The
national GDP has been increasing at about 10 percent per year. If
current trends continue,the Chinese economy will surpass the United
States and become the world's largest by 2020, This rapid growth
has brought many benefits. Hundreds of millions of people have
been lifted out of extreme poverty. Chronic hunger has decreased
from about 30 percent of the populon 40 years ago to less than
10 percent today. Average life expectancy has increased from 42 to
73.5 years. And infant mortality dropped from 150 per 1,000 live
births in 1960 10 18 today, while the annual per capita GDP has
‘grown from less than (U..)$200 per year to more than $7,250.

Most Chinese continue to live at a low level of material con-
sumption compared to American or European standards. In terms
of ecological footprints (What Do You Think? p. 19). it takes about
9.7 global hectares (gha, or hectares-worth of resources) to sup-
port the average American each year. By contrast, the average
person in China consumes about 2.1 gha per year, close 1o the
global average. Providing the 1.3 billion Chinese with American
standards of consumption would require about 10 billion gha, or
almost another entire earth’s worth of resources.

Many of the environmental problems mentioned in the open-
ing case study for this chapter arise from poverty. China couldn’t
afford to worry (at least so they thought) about pollution and land
degradation in the past. Today, however, the greatest environmen-
tal worries are about the effects of rising affluence (fig. 1.14).
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FIGURE 1.14. A rapidly growing economy has brought
increasing affuence to China that has improved standards of -
ing for many Chinese people, but it also brings environmental and
social problems associated with Western lifestyles.

In 1985, there were essentially no private automobiles in China.
Bicycles and public transportation were how nearly everyone got
around. Now, there are about 50 million automobiles in China, and
by 2015, if current trends continue, there could be 150 million.
Already, Chinese auto efficiency standards are higher than in the
United States, but is there enough petroleun in the world to sup-
port all these vehicles? China is now the world's largest source
of CO; (the United States is second). Both China and the United
States depend on coal for about 75 percent of their elecricity
Both have very large supplies of coal. There are many benefits
of expanding China’s electrical supply, but if they reach the same
level of power consumption—which is now about one-tenth the
amount per person s in the United States—by burning coal, the
effects on our global climate will be disastrous (fig. 1.15).
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FIGURE 1.15 Coal consumption in Ghina rose sharply in the
first decade of the twenty-first century. If it continues on this tra-
fetory the dimate consequences w.u be disasrous.
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On the other hand, as the opening case study for this chapter
demonstrates, China is making remarkable strides in developing
renewable energy sources. If more countries in both the developed
and developing world adopt these environmentally friendly tech-
nologies, we could easily have enough resources for everyone.

Recent progress is encouraging

Over the past SO years, human ingenuity and enterprisc have
brought about a breathtaking pace of technological innovations
and scientific breakthroughs. The world's gross domestic product
increased more than tenfold during that period, from $2 trillion
022 willion per year. While not al that increased wealth was
applied to human development, there has been significant prog-
tess in increasing general standard of living nearly everywhere. In
1960, for instance, nearly three-quarters of the worlds population
lived in abject poverty. Now, less than one-third are stillat this low
level of development.

Since World War II, average real income in developing coun-
wries has doubled; malnutrition declined by almost one-third;
child death rates have been reduced by two-tirds: average life
expectancy increased by 30 percent. Overall, poverty rates have
decreased more in the last 50 years than in the previous 500
Nonctheless, while general welfare has increased, so has the
gap between rich and poor worldwide. In 1960, the income ratio
between the richest 20 percent of the world and the poorest 20 per-
cent was 30 to 1. In 2000, this ratio was 10010 1. Because percep-
tions of poverty are relative, people may fecl worse off compared
10 their rich neighbors than development indices suggest they are.

1.5 SUSTAINABLE DEVELOPMENT

Can we improve the lives of the world's poor without destroying
our shared environment? A possible solution to this dilemma is
sustainable development, a term popularized by Our Common
Future, the 1987 report o the World Commission on Environment
and Development, chaired by Norwegian Prime Minister Gro Har-
Tem Brundtland (and consequently called the Brundtland Commis-
sion). In the words of this report, sustainable development means
“meeting the needs of the present without compromising the abil-
ity of future generations to meet their own needs.”

Another way of saying this s that we are dependent on nature
for food, water, energy, fiber, waste disposal, and other life-
supportservices. We can't deplete resources or create wastes faster
than nature can recycle them if we hope to be here for the long
term. Development means improving people’s lives. Sustainable
development, then, means progress in human well-being that can
be extended or prolonged over many generations rather than just a
few years. To be truly enduring, the benefits of sustainable devel-
opment must be available to all humans rather than to just the
members of a privileged group.

"To many economists, it seems obvious that economic growth
is the only way to bring about a long-range transformation to more
advanced and productive societies and to provide resources to
improve the lot of all people. As former President John F. Kennedy
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FIGURE 25.3 Environmental education helps develop
‘awareness and appreciation of ecological systems and how
they work.

Table 25.1 Outcomes from Environmental Education

The natural contet: An environmentally educated person nderstands
the scientific concepts and facts that undertie environmental issues
and the interrlationships that shape nature.

The social context: An environmentally educated person understands
ow human society is influencing the environment, as wellas the
‘economic, legal, and political mechanisms that provide avenues for
addressing issues and situations.

The valuing contest: An environmentally educated person explores
his or her values in relation to environmental issues; from an under-
standing of the natural and social contexts, the person decides
whether to keep or change those values.

The action contest: An environmentally educated person becomes
involved in activities to improve, maintain, or restore natural
resources and environmental quality for all

Source: A Greenprin or Minnesota, Minnesots ffc of Enironmental ducaton, 1993

knowledge of the basic grammar and underlying syntax of envi-
ronmental wisdom.” Environmental literacy, according to Reilly
can help establish a stewardship ethic—a sense of duty to care
for and manage wisely our natural endowment and our productive
resources for the long haul. “Environmental education.” he says,
“boils down to one profoundly important imperative: preparing
ourselves for lfe in the next century. When the twenty-first century
rolls around, it will not be enough for a few specialists to know
what i going on while the rest of us wander about in ignorance.”
‘You have made a great start toward learning about your environ-
ment by reading this book and taking a class in environmental sci-
ence. Pursuing your literacy i alife-long proc

Table 25.2 The Environmental Scientist’s Bookshelf

What are some of the most influential and popular environmental
books? In a survey of environmental experts and leaders around the
world, the top 12 best books on nature and the environment were:

A Sand County Almanac by Aldo Leopold (100)

Silnt Spring by Rachel Carson (81)

State of the World by Lester Brown and the Worldwatch Institute (31)
The Population Bomb by Paul Ehrich (28)

Walden by Henry David Thoreau (28)

Wilderness and the American Mind by Roderick Nash (21)

‘Small Is Beautiful: Economics as if People Mattered

by E. F. Schumacher (21)

Desert Solitare: A Season in the Wildermess by Edward Abbey (20)

The (losing Girce: Nature, Man, and Technology

by Barry Commoner (18)

The Limits to Growth: A Report for the Clu of Rome's Project on the
Predicament of Mankind by Donella H. Meadows et al. (17)

The Unsettling of America: Culture and Agriculture

by Wendell Berry (16)

Man and Nature by George Perkins Marsh (16)

Incates number of votas for each book. Because the preponderance o respondets
e fom the United States (82 prcent), Anerican books are probably overtepreerted.

1993, by . . Hll, an mprin of Macnillan, Inc. Reprintzd by permissin.

Some of the most influenial environmental books of all time exam-
ine environmental problems and suggest solutions (table 25.2). To
this list we'd favorites: The Singing Wildern
Sigurd F. Olson, My First Summer in the Sierra by John Mui, and
Encounters with the Archdruid by John

T your environment, y lso I
about it directly by getting outdoors and experiencing the beauty and
wonder of the natural world. As author Edward Abbey wrote,

Itis not enough to fight for the land; it is even more impor-
tant 10 enjoy it. While it is stll there. So get out there and
mess around with your friends, ramble out yonder and explore
the forests, encounter the grizz, climb the mountains. Run the
rivers, breathe deep of that yet sweet and lucid air,sit quietly
for a while and contemplate the precious stillness, that lovely
mysterious and awesome spce.

Citizen science encourages everyone
to participate

While university classes often tend to be theoretical and abstract,
many students are discovering they can make authentic con-
wibutions to scientific knowledge through active leaming and
undergraduate research programs. Internships in agencies or
environmental organizations are one way of doing this. Another
is 10 get involved in organized citizen science projects in which
ordinary people join with established scientists to answer real sci-
enific questions. Community-based rescarch was pioneered in
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25.1 MAKING A DIFFERENCE

Throughout this book you have read about environmental prob-
Tems, from climate change to biodiversity 1o energy policy debates.
Biodiversity s disappearing at the fastest rate ever known; major
ocean fisheries have collapsed; within 50 years, it is expected that
two-thirds of countries will experience water shortages, and 3 bil-
Tion people may live in slums. You have also seen that, as we have
come 1o understand these problems, many exciting innovations
have been developed to deal with them. New irrigation methods
reduce agricultural water use; bioremediation provides inexpen-
sive methods to treat hazardous waste; new energy sources, includ-
ing wind, solar, geothermal, and even pressure-cooked garbage,
offer strategies for weening our society from its dependence on
oil and gas. Growth of green consumerisim has developed markets
for recycled materials, low-energy appliances, and organic foods.
Population growth continues, but it rate has plummeted from a
generation ago.

Stewardship for our shared resources is increasingly under-
stood to be everybody’s business. The environmental justice
movement (chapter 21) has shown that minority groups and the
poor frequently suffer more from pollution than wealthy or white
people. African Americans, Latinos, Native Americans, and other
minority groups have a clear interest in pursuing environmental
solutions. Religious groups are voicing new concerns about pre-
serving our environment (chapter 1). Farmers are secking ways to
save soil and water resources (chapter 10). Loggers are learning
about sustainable harvest methods (chapter 12). Business leaders
are discovering new ways to do well by doing good work for soci-
ety and the environment (chapter 23). These changes are exciting,
but many challenges remain.

Whatever your skills and interests, you can contribute to
understanding and protecting our common environment. If you
enjoy science, many disciplines contribute to this cause. As you
know by now, biology, chemistry, geology, ecology, climatology,
geography, demography, and other sciences all provide ideas and
data that are essential to understanding our environment. Envi-
ronmental scientists usually focus on one of these disciplines,
but their work also serves the others. An environmental chemist,
for example, might study contaminants in a stream system, and
this work might help an aquatic ecologist understand changes in a
stream’s food wel

You can also help seek environmental solutions if you pre-
fer writing, art, working with c (fig. 25.2), history,
economics, or other areas of study. As you have read, environmen-
tal science depends on communication, education, good policies,
and economics as well as on science.

In this chapter, we will discuss some of the steps you can
take 10 help find solutions to environmental dilemmas. You
have already taken the most important step, educating yourself.
When you understand how environmental systems function—
from nutrient cycles and energy flows 1o ecosystems, climate
systems, population dynamics, agriculture, and economies—
you can develop well-informed opinions and help find useful
answers.

2
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FIGURE 25.2 Helping chidren develop a sense of wonder is a
fist tep in protecting nature. As the Senegalese poet Baba Dioum
said, “In the end, we conserve only what we love. We wil love only
‘what we understand. We will understand only what we are taught.”

25.2 ENVIRONMENTAL EDUCATION

In 1990 Congress recognized the importance of environmental
education by passing the National Environmental Education Act.
‘The act established two broad goals: (1) to improve understand-
ing among the general public of the natural and built environment
and the relationships between humans and their environment,
including global aspects of environmental problems, and (2) to
encourage postsecondary students to pursue carcers related to the.
environment. Specific objectives proposed to meet these goals
include developing an awareness and appreciation of our natural
and socialfeultural environment, knowledge of basic ecological
concepts, acquaintance with a broad range of current environmen-
tal issues, and experience in using investigative, critical-thinking,
and problem-solving skills in solving environmental problems
(fig. 25.3). Several states, including Arizona, Florida, Maryland,
Minnesota, Pennsylvania, and Wisconsin, have successfully incor-
porated these goals and objectives into their curricula (table 25.1).
A number of organizations have been established to teach ecol-
ogy and environmental ethics to elementary and secondary school
students, as well as to get them involed in active projects to clean up
their local community. Groups such as Kids Saving the Earth or Eco-
Kids Corps are an important way to reach this vital audience. Family
education results from these efforts as well. In a World Wildlife Fund
survey, 63 percent of young people said they “lobby” their parents
about recycling and buying environmentally responsible products.

Environmental literacy means understanding
our environment

Speaking in support of the National Environmental Education Act,
former Environmental Protection Agency administrator William
K. Reilly called for broad environmental lteracy in which every
citizen is fluent in the principles of ecology and has a “working
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Think About It

i ot LR L e e
wealth affects the three kinds of polution shown. Why do
trends difer?

said, “A rising tide lfs all boats.” But economic growth is not suf-
ficient initself to meet all essenial needs. As the Brundtland Com-
mission pointed out, political stability, democracy, and equitable
economic distribution are needed to ensure that the poor will get
a fair share of the benefits of greater wealth in a society. A study
released in 2006 by researchers at Yale and Columbia Universities
reported a significant correlation between environmental sustainabil-
ity, open political systems, and good government. Of the 133 coun-
tries i this study, New Zealand, Sweden, Finland, Czech Republic,
and the United Kingdom held the top five places (in that order). The
United States ranked 28th, behind countries such as Japan, and most
of Westem Europe.

Can development be truly sustainable?

Many ecologists regard “sustainable” growth of any sort as impos-
sible in the long run because of the limits imposed by nonrenew-
able resources and the capacity of the biosphere to absorb our
wastes. Using ever-increasing amounts of goods and services to
make human life more comfortable, pleasant, or agreeable must
inevitably interfere with the survival of other species and, even-
wally, of humans themselves in a world of fixed resources. But,
supporters of sustainable development assure us, both technology
and social organization can be managed in ways that meet essen-
tial needs and provide long-term—but not infinite—growth within
natural limits, if we use ecological knowledge in our planning.
ile economic growth makes possible a more comfortable
lifestyle, it doesn’t automatically result in a cleaner environment.
As figure 1.16 shows, people will purchase clean water and sanita-
tion if they can afford to do so. For low-income people, however,
more money tends to result in higher air pollution because they
can afford to burn more fuel for transportation and heating. Given
enough money, people will be able to afford both convenience and
clean air. Some environmental problems, such as waste genera-
tion and carbon dioxide emissions, continue to rise sharply with
increasing wealth because their effects are diffuse and delayed. If
we are able to sustain economic growth, we will need to develop
personal restraint or social institutions to deal with these problerns.
Some projects intended to foster development have been
environmental, economic, and social disasters. Large-scale hydro-
power projects, like that in the James Bay region of Quebec or the
Brazilian Amazon that were intended to generate valuable electri-
cal power, also displaced indigenous people, destroyed wildlife,
and poisoned local ecosystems with acids from decaying veg-
etation and heavy metals leached out of flooded soils. Similarly,
introduction of “miracle” crop varieties in Asia and huge graz-
ing projects in Africa financed by intemational lending agencies
crowded out wildlife, diminished the diversity of traditional crops,
and destroyed markets for small-scale farmers.

—— Household sanftaion
—— Utban ai pollution
—— Greenhouse

gas emissions

Severity

Increasing wealth

Shiting environmental burdens
Local ———————————————> Glotal

Immediate ——————————————————— Delayed
Threaten health ——————————— Threaten ecosystems

FIGURE 1.16 Environmental indicators show different pat-
terns as incomes rise. Sanitation problems decrease when people
can afford sepic systems and clean water. Local air pollution,
onthe other hand, increases as more fuelis burned; eventualy,
however, development reaches a point at which people can afford
both clean air and the benefits of technology. Delayed, distant
problems, such as greenhouse gas emissions that lead to global
climate change, tend to rise steadily with income because people
make decisions based on immediate needs and wants rather than
long-term consequences. Thus, we tend to shift environmental
burdens from local and immediate to distant and delayed f we
an afford to do so.

‘Source: Graph fom Ward Energy Assessient, UNDP 2000, Fure 310, . 95

Other development projects, however, work more closely with
both nature and local social systems. Socially conscious businesses
i i ventures.
that allow people in developing countries to grow or make high-
value products—ofien using traditional techniques and designs—
that can be sold on world markets for good prices (fig. 1.17). Pucblo
10 People, for example. is a nonprofit organization that buys textiles
and crafts directly from producers in Latin America. It sells goods in
America, with the profits going to community development projects
in Guatemala, EI Salvador, and Peru. It also informs customers in
wealthy countries about the conditions in the developing world.

As the economist John Stuart Mill wrote in 1857, “It
scarcely necessary to remark that a stationary condition of capi-
tal and population implies no stationary state of human improve-
ment. There would be just as much scope as ever for all kinds
of mental culture and moral and social progress; as much room
for improving the art of living and much more likelihood of its
being improved when minds cease to be engrossed by the art of
getting on.” Somehow, in our rush to exploit nature and consume
resources, we have forgotten this sage advice.
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FIGURE 1.17 A Mayan woman from Guatemala weaves on a
back-strap loom. A member of a women's weaving Gooperative,
she sels her work to nonprofit organizations in the United States
at much higher prices than she would get at the local market.

What is the role of international aid?

Could we eliminate the most acute poverty and ensure basic
human needs for everyone in the world? Many experts say this
goal is eminently achievable. Economist Jeffery Sachs, director
of the UN Millennium Development Project, says we could end
extreme poverty worldwide by 2025 if the richer countries would
donate just 0.7 percent of their national income for development
aid in the poorest nations. These funds could be used for universal
childhood vaccination against common infectious diseases, access
o primary schools for everyone, family planning services for
those who wish them, safe drinking water and sanitation for all,
food supplements for the hungry, and strategic microcredit loans
for self-employment.

How much would this cost? A rough estimate provided by
the United Nations Development Agency is that it would take
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FIGURE 1.18 Every year, miltary spending equals the total
income of half the world's people. The cost of a single large air-
crait carrier equals 10 years of human development aid given by
al the world's indusrialized countries.

about (U.S)S$135 billion per year to abolish extreme poverty
and the worst infectious diseases over the next 20 years. That's
a lot of money—much more than we currently give—but it’s not
an impossible goal. Annual global military spending is now over
$1 willion (fig. 1.18). If we were to shift one-tenth of that to devel-
opment aid, we'd not only reduce incalculable suffering but also
be safer in the long run, according to many expets.

Although the rich nations have made promises to help aleviate
debt and encourage development in poorer countris, the amount
actually provided has been far less than is needed. The United
States, for example, while the world's largest total donor, sets
aside only 0.16 percent of its gross domestic product for devel-
opment aid. Put another way, the United States currently donates
about 18 cents per citizen per day for both private and government
aid to foreign nations

What do you think? Would you be willing to donate an extra
dollar per day to reduce suffering and increase political stability?
As former Canadian Prime Minister Jean Chrétien says, “Aid to
developing countries isn’t charity: i’s an investment. It will make
us safer, and when standards of living increase in those countries,
they’Il become customers who will buy tons of stuff from us.”

Indigenous people are important
guardians of nature

Often at the absolute bottom of the social strata, whether in rich
or poor countries, are the indigenous or native peaples who are
generally the least powerful, most neglected groups in the world.
“Typically descendants of the original inhabitants of an arca taken
over by more powerful outsiders, they often are distinet from
their country’s dominant language, culture, religion, and racial
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Case Study 350.0rg: Making a Change

Could a small group of students
at a liberal arts college in Vermont
mobilize an international campaign
to tackle the most important environ-
mental challenge we face today? Yes,
they did. And its an example from which
all of us could learn something. It all started several years ago
when author Bill McKibben, who is writer in residence at Mid-
dlebury College, organized a group of students to do something
positive about the problem of global climate change. They realized
they didn't have the money or resources to put together a national
rally of the sort that has been so successful at attracting attention
for civil rights and environmental causes in the past. Furthermore
it seemed oxymoronic
o encourage thousands
of people to fly or drive
Tong distances to protest
excessive buming of fos-
sil fuels

They decided, in-
stead, to use the power
of the Internet and social
networks o mobilize
activists to do
e =,
newsworthy in their own
neighborhoods. By act-
ing together on the same
day and publishing pho-
tos and news releases to
show the interconnec-
tions betweenactions,
they could create a

FIGURE 25.1 On 10/10/10, over a thousand New Mexicans of all ages flooded the Santa Fe

(in parts per million) that climate scientists say is the safe upper
limit for carbon dioxide in the atmosphere. We're already at
about 390 ppm, and politicians are debating whether we might
hold emissions to 450 ppm, so the students have chosen an
ambitious goal. But why not dream big?

On October 24, 2009, the 350 team mobilized 5.200 events in
181 countries. CNN called it “the most widespread day of politi-
cal action in the planet’s history.” The team took their message of
global concer to the big UN climate conference in Copenhagen,
Denmark, in December 2009, but they were disappointed in the
inability o ‘meaningful
combating climate change. Undaunted, 350.org planned even more
proests. On October 10, 2020 (1010/10),they organized a“global
work party” with more
than 7,000 projects in
187 countries. People put
up solar panels, dug com-
munity gardens, planted
trees, and did  other
actions (o help reduce
carbon emissions. Work-
ing together on pragmatic
local projects empowers
people, gives them hope,
and helps build grassroots
networks.

One of the most
creative projects  the
team has launched is the
350 EARTH ART. So far,
0 & more than 15 major art
installations have been
created involving thou-

meta-event with greater  Rivers dry rivered with bue-pained cadboard and othe blue materils to show where the  sands of people. Each

power to influence local ~ River should be fouing
citizens and decision
makers than a mammoth march in a single place might have.

‘The event they created was called Step It Up. With a minuscule
budget and little previous experience, they inspired tens of thou-
sands ofcitzns i 2007 opartiipt n e tha | 400 evenis in

150 ofthe United Stat
from sklels desc:ndmg a melting glacier to protest global warm-
ing, or planting endangered chestnut trees to absorb CO, or flying
thousands of handmade kies with environmental messages—were
designed to both attract attention and to educate the public about
the need to cut carbon emissions 80 percent by 2050.

Building on this success, the group decided to broaden
their campaign to the international stage. Renaming themselves
350.0rg, they expanded their team to include young people
from all over the world. They chose 350 because its the number

is designed to be visible
from space (fig. 25.1).
Not only did the art pieces turn out beautifully, they cap-
tured media attention and demonstrated to political lead-
ers our widespread desire for environmental protection.
y also unleashed creativity, got people motivated, and
offued hopeful way to express opinions about the future
of our world. Wouldn't you like to get involved? Contact
350.0rg to get suggestions for how to plan an event, create a
press release, invite elected officials and media, follow up, and
‘get other useful resources.

In this chapter we’ll look at how individuals and other groups
are working to protect the earth and build a sustainable future. For
related resources, including Google Earth™ placemarks that show
Tocations where these issues can be explored via satellte images,
visit EnvironmentalScience-Cunningham.blogspot.com.
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from space, these EARTH art projects are grassroots

efforts to create a new sense of urgency and of
possivilty for our planet.

“When spiders unite, their web can
tie down an elephant.”

Learning Outcomes
After studying this chapter; you should be able to:
25.1 Explain how we can make a difference.

252 Summarize environmental education. ~ Afvican proverb
25.3 Evaluate what individuals can do.

254 Review how we can work together.

255 Investigate campus greening.

256 Define the challenge of sustainability.

commanities. OF the world's nearly 6,000 recognized culures,
5,000 are indigenous ones that account for only about 10 percent
of the total world population. In many countrie, tese indigenous
people are repressed by traditional caste systems, discriminatory
laws, economics, or prejudice. Unique cultures are disappearing,
along with biological diversity, as natural habitats are destroyed
0 satisfy industrialized world appetites for resources. Traditional
ways of life are disrupted further by dominant Western culture
sweeping around the globe.

At least half of the world's 6,000 distinet languages are dying
because they are no longer taught to children. When the last few
elders who still speak the language die, so will the culture that
was its origin. Lost with those cultures will be a rich repertoire of
knowledge about nature and a keen understanding about a particu-
lar environment and a way of lfe (fg. 1.19).

Nonetheless, in many places, the 500 million indigenous
people who remain in traditional homelands still possess valuable
ecological wisdom and remain the guardians of litle-disturbed
habitats that are the refuge for rare and endangered species and
relatively undamaged ecosystems. Author Alan Durning estimates
that indigenous homelands harbor more biodiversity than all the
world’s nature reserves and that greater understanding of nature is
encoded in the languages, customs, and practices of native people
than is stored in all the libraries of modern science. Interestingly,

FIGURE 1.19 Do indigenous people have unique knowledge
about nature and inalienable rights to traditional terfitories?

Highest
cultural diversity  biological diversity

Nigeria _“Indonesia - Madagascar \\\

Cameroon  /* NewGuinea . SouthAfica
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Congo China | Cuba

Sudan Brazi | Peru /

Chad United States | Ecuador

Nepal © Philppnes  Newzedand
N 2 P

FIGURE 1.20 Cuttural diversity and biodiversity often go
hand in hand. Seven of the countries with the highest culturel
diversity in the world are also on the list of "megadiversity” coun-
tries with the highest number of nique biological organisms.
(Listed in decreasing order of importance.)

‘Source: Norman Myers, Corsenvatin Intemational and Cuturl Suvia nc
202

just 12 countries account for 60 percent of all human languages
(fig. 1.20). Seven of those are also among the “megadiversity”
countries that contain more than half of all unique plant and ani-
mal species. Conditions that support evolution of many unique
species seem to favor development of equally diverse human cul-
tures as well.

Recognizing native land rights and promoting political plu-
ralism is often one of the best ways to safeguard ecological pro-
cesses and endangered species. As the Kuna Indians of Panama
say, “Where there are forests, there are native people, and where
there are native people, there are forests.” A few countries, such as
Papua New Guinea, Fiji, Ecuador, Canada, and Australia acknowl-
edge indigenous ttle to extensive land areas.

In other countries, unfortunately, the rights of native people
are ignored. Indonesia, for instance, claims ownership of nearly
three-quarters of is forest lands and all waters and offshore fish-
ing rights, ignoring the interests of indigenous people who have
lived in these areas for millennia. Similarly, the Philippine gov-
emment claims possession of all uncultivated land in is territory,
while Cameroon and Tanzania recognize no rights atallfor forest-
dwelling pygmies who represent one of the world’s oldest cultures

1.6 ENVIRONMENTAL ETHICS

The ways we interpret environmental issues, or our decisions
about what we should or should not do with natural resources,
depend partly on our basic worldviews. Perhaps you have a basic
ethical assumption that you should be kind to your neighbors, or
that you should try to contribute in positive ways to your commu-
nity. Do you have similar responsibilties to take care of your envi-
ronment? To conserve energy? To prevent the extinction of rare
species? Why? Or why not?

‘Your position on these questions is partly a matter of ethics,
or your sense of what is right and wrong. Some of these ideas
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you lear early in life; some might change over time. Ethical
Views in society also change over time. In ancient Greece, many
philosophers who were concerned with ethics and morality
owned slaves; today few societies condone slavery. Most societ-
ies now believe it is wrong, or unethical, to treat other humans as
property. Often our core beliefs are so deeply held that we have
difficulty even identifying them. But they can influence how you
act, how you spend money, or how you vote. Try to identify some
of your core beliefs. What is a basic thing you simply should or
should not do? Where does your understanding come from about
those actions?

Ethics also constrain what kinds of questions we are able to
ask. Ancient Greeks could not question whether slaves had rights;
modem Americans have difficulty asking if it is wrong to con-
sume vastly more energy and goods than other countries do. Many
devout religious people find it unconscionable to question basic
tenets of their faith. But one of the assumptions of science, includ-
ing environmental science, is that we should allow ourselves to
ask any question, because it is by asking questions that we dis-
cover new insights about ourselves and about our world.

We can extend moral value to people and things

One of the reasons we don’t accept slavery now, as the ancient
Greeks did, is because most societies believe that all humans
have basic rights. The Greeks granted moral value, or worth,
only to adult male citizens within their own community. Women,
slaves, and children had few rights and were essentally treated
as property. Over time we have gradually extended our sense of
moral value to a wider and wider circle, an idea known as moral
extensionism (fig. 1.21). In most countries, women and minori-
ties have basic civil rights, children cannot be treated as prop-
erty, even domestic pets have some legal protections against cruel
treatment. For many people, moral value also extends to domestic
livestock (cattle, hogs, poultry), which makes eating meat a fun-
damentally wrong thing to do. For others, this moral extension
ends with pets, or with humans. Some people extend moral value
o include forests, biodiversity, inanimate objects, or the earth as
awhole

These philosophical questions aren’t simply academic or
historical. In 2004, the joural Science caused public uproar by
publishing a study demonstrating that fish feel pain. Many rec-
reational anglers had long managed to suppress worries that they
were causing pain to fish, and the story was so unsetting that it
made national headlines and provoked fresh public debates on the
ethics of fishing.

How we treat other people, animals, or things, can also
depend on whether we believe they have inherent value—an
intrinsic right to exist, or instrumental value (they have value
because they are useful to someone who matters). If I hurt you,
Towe you an apology. If I borrow your car and smash it into a
tree, T don’t owe the car an apology, I owe you an apology—or
reimbursement

How does this apply to nonhumans? Domestic animals
clearly have an instrumental value because they are useful to their
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FIGURE 1.21 Moral extensionism describes an increasing
‘consideration of moral value in other living things—or even
nonliving things.

‘owners. But some philosophers would say they also have inherent
values and interests. By living, breathing, struggling to stay alive,
the animal carries on its own life independent of its usefulness to
someone else.

Some people believe that even nonliving things also have
inherent worth. Rocks, rivers, mountains, landscapes, and cer-
tainly the earth iself, have value. These things were in existence
before we came along, and we couldn't re-create them if they are
altered or destroyed. This philosophical debate became a legal dis-
pute in an histo se, when the Sierra Club sued the
Disney Colporauon on behalx of the trees, rocks, and wildlife of
Mineral King Vl Nevada Mountains (fig. 1.22)
where Disney vanid 1o bulld aski resort The Sierra Club argued
that it represented the interests of beings that could not speak for
themselves in court.

A legal brief entitled Should Trees Have Standing?, writ-
ten for this case by Christopher D. Stone, proposed tht organ-
isms as well as ecological systems and processes should have
standing (or rights) in court. After all, corporations—such as
Disney—are treated as persons and given legal rights even though
they are really only figments of our imagination. Why shouldn't
nature have similar standing? The case went all the way to the
Supreme Court but was overturned on a technicality. In the mean-
time, Disney lost interest i the project and the ski resort was never
built. What do you think? Where would you dravw the line of what
deserves moral considerability? Are there ethical limits on what
we can do to nature?
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CRITICALTHINKING AND DISCUSSION QUESTIONS

1. In your opinion, how much environmental protection is too 4. I’s sometimes difficult to determine whether a lawsuit s
much? Think of a practical example in which some stake- retaliatory or based on valid reason. How would you define
holders may fecl oppressed by government regulations. How a SLAPP suit, and differentiate it from a legitimate case?
would you justify o criticize these regulations? 5. Create a lst of arguments for and against an international
2. Among the steps in the policy cycle, where would you put body with power to enforce global environmental laws. Can

your effort if you wanted influence in establishing policy? you see a way to create a body that could satisfy both reasons
3. Do you believe that trees, wild animals, rocks, or mountains for and against this power?

should have legal rights and standing in the courts? Why or 6. Identify a current environmental problem, and outline some

why not? Are there other forms of protection you would policy approaches that could be used to address it. What

favor for nature? strengths and weaknesses would different approaches have?
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nalys'l Se Examine Your Environmental Laws
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The federal government publicizes the text of .mn

laws in multple locations on the Intemet. Read- G for oy _fobmels 1ok s

ing about these laws is a good way (0 get asense (A" C X [Blveimamomtramsimpienorer 5+ [ ‘%A -

of the structures of environmental regulation, and
to understand some of the compromises and the
complexity of making rules that apply to thou-
sands of different cases across the country. The pri-
mary way 1o access government rules and laws is
through thomas zov. A more direct source for envi-
ronmental legislation is to g0 to the EPA webs
www.epa.gov/lawsregs/laws/index. himl#eny,

Go to this website, and select one bl thar [l
bears on an issue you find interesting. Links are
provided to the text of the law, usually in PDF for-
mat. Open the text of the law you have chosen,
and look through the table of contents to see what
sections (“tiles”) are covered in the bill

1. What are the topics listed in the table
of contents?

Laws, Regulations, Guidance and Dockets B
Search: CAIEPA  Lows,Roquatons, Guidanc and Dockes
S

Laws That We Administer

uoh et o
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roughly hided o two ctegore:
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ifisece £0K a0 + Renatonsand reposed
Rl

2. Definitions of terms come next, What
terms are defined?
3. Choose a short section, perhaps 1-3 pages

The web address listed above gives you direct access to federal laws that define how the LS.

long. Read it carefully. Explain the content  environment and resources are managed.

of those pages to your class. Also try to
explain what the context of the bill might be: Why were

those words written? By whom? As a result of what kind ~ go,

of problem?

This Chapt vt our websi

it an exter

eating s, all of wich wil el you lar enveonmental science.
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CONCLUSION

Otto von Bismark once said, “Laws are like sausages, it is better
not to see them being made.” Stil, if you hope to improve your
environmental quality, it's helpful to understand how policies and
laws are made and enforced. Laws, such as the Clean Water Act
have been among the most effective tools that conservationists
have had to protect biodiversity and habitat. But there is a con-
stant struggle between those who want to strengthen environmen-
tal laws and those who want t0 reduce or eliminate them.

“The legislative, administrative, and judicial branches of gov-
ernment all contribute t0 stages in the policy cycle. Though ordi-
nary individuals might feel powerless in these various stages, you
might be surprised at how much impact you can have if you get
involved. Probably the best way to partcipate in environmental
policy formation or passage of environmental laws is to join a
group that shares your concerns. Being part of a group amplifi

your influence. But even as an individual, you can make an
impression. Wite to or call your legislator. They do pay attention
0 consttuents,

Global cooperation has also emerged as a key part of envi-
ronmental protection. Dozens of laws protect resources, biox
versity, and environmental quality. Mechanisms for enforcement
are not as obvious as they are within a single country, but cre-
ative strategies are evolving, and most nations see it to be in
their interest to cooperate with their neighbors, most of the
time.

On a smaller scale, community planning and community
knowledge have also become key parts of policy formation.
Understanding all these aspects of policy is a first step toward
empowering yourself to influence the health of the environment
in which you live

REVIEWING LEARNING OUTCOMES
By now you should be able to explain the following points
24.1 List several basic concepts in policy.

« Basic principles guide policy.

+ Corporate money influences policy.

+ Public awareness and action shape policy
2422 Describe some major environmental laws.

« NEPA (1969) establishes public oversight.

« The Clean Air Act (1970) regulates air emissions.

+ The Clean Water Act (1972) protects surface water

+ The Endangered Species Act (1973) protects wildiie

« The Superfund Act (1980) lists hazardous sites.
UIE

+ Congress and legislatures vote on statutory laws.

plain how policies are made.

« Judges decide case law.

« Executive agencies make rules and enforce laws.
+ How much goverment do we want?

24.4 Explain the purposes of international conventions
* Major international agreemens.
« Enforcement often depends on national pride.

245 Outline some new approaches o policy.
+ Community-based planning uses local knowledge
+ Green plans outline goals for sustainabiliy.
« Bolivia's Law of Mother Earth.

PRACTICE QUIZ

What s the policy cycle, and how does it work?

Describe the path of a bill through Congress. When are
riders and amendments attached?

What are the differences and similarities between statutory
law and administrative law?

=

List some of the major U.S. environmental laws of the past
30 years.

Why have some international environmental treaties and con-
ventions been effective while most have not? Describe two
such treaties.
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6. Why are intemational treaties increasingly common?

7. Explain some concems about the influence of money on
policy.

8. What is resilience? Why is it important?

9. What is collaborative, community-based planning?

10. What is the idea of a green plan?
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FIGURE 1.22 Mineral King Valley at the southern border of
‘Sequoia National Park was the focus of an important environmen-
tallaw case in 1969. The Disney Corporation wanted to build a
ski resort here, but the Sierra Club sued to protect the valley on
behalf of the trees, rocks, and native widife.

1.7 FartH, CONSERVATION, AND JUSTICE

Ethical and moral values are often rooted in religious traditions,
which try 1o guide us in what is right and wrong to do. With groy
ing public awareness of environmental problems, religious orga-
nizations have begun to take stands on environmental concerns.
They recognize that some of our most pressing environmental
problems don’t need technological or scientific solutions; they're
not so much a question of what we're able to do, but what we're
willing to do. Are we willing to take the steps necessary to stop
‘global climate change? Do our values and ethics require us to do
507 In this section, we'll look at some religious perspectives and
how they influence our attitudes toward nature.

Environmental scientists have long been concerned about reli-
gious perspectives. In 1967, historian Lynn White, Jr. published
a widely influential paper, “The Historic Roots of Our Ecologi-
cal Crisis” He argued that Christian societies have often exploited
natural resources carelessly because the Bible says that God com-
manded Adam and Eve to dominate nature: “Be fruitful, and mul-
tiply, and replenish the carth and subdue it: and have dominion

over the fish of the sea, and over the fowl of the air and over every
living thing that moveth upon the earth” (Genesis 1:28). Since
then, many religious scholars have pointed out that God also com-
manded Adam and Eve to care for the garden they were given, “to
Gl it and keep it” (Genesis 2:15). Furthermore, Noah was com-
manded to preserve individuals of all living species, so that they
would not perish in the great Flood. Passages such as these inspire
many Christians to insist that it is our responsibility to act as
stewards of nature, and to care for God's creations.

Calls for both environmental stewardship and anthropocen-
tric domination over nature can be found in the writings of most
major faiths. The Koran teaches that “each being exists by virtue of
the truth and is also owed its due according to nature;” a view that
extends moral rights and value to all other creatures. Hinduism and
Buddhism teach ahimsa, or the practice of not harming other living
creatures, because allliving beings are divinely connected (fg. 1.23).

Many faiths support

environmental conservation

‘The idea of stewardship, or taking care of the resources we are
given, inspires many religious leaders to promote conservation.
“Creation care” is a term that has become prominent among evan-
gelical Christians in the United States. In 1995, representatives of

FIGURE 1.23 Many religions emphasize the divine
relationships among humans and the natural world. The
Tibetan Buddhist goddess Tara represents compassion
for all beings.
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Principles and Actions

n the Ohito Declaration

Spiritual Principles

1. Religious belefs and traditions call us to care for the earth.

2. For people of faith, maintaining and sustaining environmental lfe
systems i a religious responsibility.

3. Environmental understanding is enhanced when people leam from
the example of prophets and of nature iself.

4. People of faith should give more emphasis to  higher quality of
life, in preference to a higher standard of living, recognizing that
greed and avarice are root causes of environmental degradation
and human debasement.

5. People of faith should be involved in the consevation and
development process.

Recommended Courses of Action

The Ohito Declaration cals upon religious leaders and communities to

1. emphasize environmental issues within religious teaching: fath

should be taught and practiced as if nature mattered.

‘commit themselves to sustainable practices and encourage

community use of their land.

promote environmental education, especially among youth and

children.

pursue peacemaking a5 an essential component of consenvation
action.

take up the challengeof rsttutingfi rading practics devoid
of financal, economic, and political explotation.

nine major religions met in Ohito, Japan, to discuss views of envi-
ronmental stewardship in their various traditions. The resulting
document, the Ohito ation, outlined common beliefs and

i faiths toward the earth
and s life (able 1.2). In recent years, religious organizations have
played important roles in nature protection. A coalition of evan-
gelical Christians has been instrumental in promoting stewardship
of many aspects of our environment, from rare plants and animals
0 our global climate.

Religious concern extends beyond our treatment of plants and
animals. Pope John Paul Il and Orthodox Patriarch Bartholomew
called on countries bordering the Black Sea to stop pollution, say-
ing that “to commit a crime against nature is a sin.” In addition to
its campaign to combat global warming described at the begin-
ning of this chapter, the Creation Care Network has also launched
initiatives against energy inefficiency, mercury pollution, moun-
taintop removal mining, and endangered species destruction. For
many people, religious beliefs provide the best justification for
environmental protection.

Environmental justice combines civil rights

and environmental protection

Peaple of color in the United States and around the world are sub-
jected to a disproportionately high level of environmental health
tisks in their neighborhoods and on their jobs. Minorities, who

2 CHAPTER 1 Understanding Our Environment

tend t0 be poorer and more disadvantaged than other residents,
work in the dirtiest jobs where they are exposed to toxic chemi-
cals and other hazards. More often than not they also live in urban
ghettos, barrios, reservations, and rural poverty pockets that have
shockingly high pollution levels and are increasingly the site of
unpopular industrial facilities, such as toxic waste dumps, land-
fill, smelters, refineries, and incinerators. Environmental justice
combines civil rights with environmental protection to demand a
safe, healthy, life-giving environment for everyone.

\mong the evidence of environmental injustice s the fact that
three out of five African-Americans and Hispanics, and nearly half
of all Native Americans, Asians, and Pacific Islanders live in com-
munities with one or more uncontrolled toxic waste sites, incinera-
tors,or major landfils, while fewer than 10 percent of all whites live
in these areas. Using zip codes or census tracts as a unit of measure-
ment, researchers found that minorities make up twice as large a
population share in communities with these locally unwanted land
uses (LULUS) as in communities without them. A recent study
using “distance-based” methods found an even greater comrelation
between race and location of hazardous waste facilities.

Although it is difficult to distinguish between race, class, his-
torical locations of ethnic groups, economic disparities, and other
social factors in these disputes, racial origins often seem to play
a role in exposure (o environmental hazards. Simple correlation
doesn't prove causation; still, while poor people in general are
more likely to live in polluted neighborhoods than rich people, the
discrepancy between the pollution exposure of middle class blacks
and middlc class whites s even greater than the difference between
poorer whites and blacks. Where upper class whites can “vote with
their feet” and move out of polluted and dangerous neighborhoods,
blacks and other minorites are restricted by color barriers and prej-
udice (overt or covert) to the less desirable locations (fig. 1.24).

FIGURE 1.24 Poor people and people of color often live in
the most dangerous and least desirable places. Here chil-
dren play next to a chemical refinery in Texas City, Texas.
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FIGURE 24.20 Innovations in environmental policy and
planning can be found woridwide. Examples include community
planning in Canadas Bay of Fundy {a, the Dutch Green pian that
restores ecosystems (b), and the Law of Mother Earth, protecting
rights of all Bolivians to a healthy environment (c).

mesh them with human factors such as economics, health, and car-
rying capacity. Perhaps the most thorough and well-thought-out
‘green plan in the world is that of the Netherlands (fig. 24.205).
Developed in the 1980s through a complex process involv-
ing the public, industry, and government, the 400-page Dutch

plan contains 223 policy changes aimed at reducing pollution
and establishing economic stability. Three important mechanisms
have been adopted for achieving these goals: integrated life-cycle
management, energy conservation, and improved product quality.
‘These measures should make consumer goods last longer and be
more easily recycled or safely disposed of when no longer needed.
For example, auto manufacturers are now required to design cars
50 they can be repaired or recycled rather than being discarded.

Among the guiding principles of the Dutch green plan are:
(1) the “stand-stll” principle that says environmental quality will
not deteriorate, (2) abatement at the source rather than cleaning
up afterward, (3) the “polluter pays” principle that says users
of a resource pay for negative effects of that use, (4) prevention
of unnecessary pollution, (5) application of the best practicable
means for pollution control, (6) carefully controlled waste dis-
posal, and (7) motivating people to behave responsibly.

“The Netherlnds hve imested bionsoferos i implement-
ing thi plan. ki Iready have
been accomplished. Between 1980 and 1995, emissions of sulfur
dioxide, nitrogen oxides, ammonia, and volatile organic com-
pounds were reduced more than 30 percent; pesticide use had been
reduced 2
insed: and ndustial wasewater dischage into the Rhine River
was down 70 percent. Some 250,000 ha (more than 600,000 acres)
of former wetlands that had been drained for agriculture are being
restored as nature preserves and 40,000 ha (99,000 acres) of forest
are being replanted. This is remarkably generous and foresighted
for Europe’s most densely populated country.

Bolivia’s Law of Mother Earth

“The small, impoverished country of Bolivia has taken remarkably
strong stands on many environmental issues since the election
of President Evo Morales in 2005. Most of Bolivia’s population
lives in poor farming communities, directly dependent on natural
resources, including water, healthy soil, and natural biodiversity
(fig. 24.20c).

In 2011 Bolivia set a world precedent by proposing the “Law
of Mother Earth.” Following indigenous Andean traditions of con-
sidering Mother Earth, or Pachamama, to be a living being, the
new law explicitly aims to protect life and biodiversity. It grants all
people equal rights 1o a clean environment, including safe water,
protection of biodiversity, clean air, and essential ecological func-
tions. Specific terms of the law include requiring the government
to transition toward renewable energy, to develop new economic
indicators that account for environmental costs of economic activ
ties, to focus on food sovereignty, and to invest in energy efficiency.

None of these steps will be easy, but like all polices, the first
step is to identify a goal. The law also sets a standard by which
later policy decisions can be judged. Figuring out how to reach
that goal may take years. But without a statement of policy intent,
progress might never happen. Can other nations do the same
thing? What factors might support or discourage other places from
developing their own Mother Earth Laws?
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Adaptive
Management

el
Evaluate

FIGURE 24.19 Adaptive management recognizes that we
need to treat management plans for ecosystem as a scientiic
‘experiment in which we monitor, evaluate, and adjust our policies
to fit changing conditions and knowledge.

plans that finally emerge from policy planning. There are many
reasons (o use collaborative approaches

+ Incorporating a variety of perspectives carly in the process is
more likely to lead to the development of acceptable solu-
tions in the end. Public buy-in to an idea is likely to be
better if many people have a voice from the start.

Two heads are better than one. Involving multiple stakehold-
ers and multiple sources of information enriches the process.

Community-based planning provides access to situation-
specific information and experience that can ofen only be
obtained by active involvement of local residents.

Table 24.3 Planning for Resilience

1. Interdiscipliary, integrated modes of inguiry are needed for
adaptive management of wicked problems.

We must recogize that these problems are fundamentally
nonlinear and that we need nonlinear approaches to them.

We must attend to interactions between long-term processes,
such as climate change or soil erosion in the American Corn Belt,
and rapid events, such as the collapse of Antarcti ice sheets o
the appearance of a dead zone in the Gulf of Merico.

. The spatial and temporal scales of our concens are widening.
We must consider global interconnections in our planning.

We need adaptive management policies that focus on building
resilience and the capacity of renewal both in ecosystems and in
human institutions.
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+ Participation is an important management tool. Project-
threatening resistance on the part of certain stakeholders can
be minimized by inviting active cooperation of all stake-
holders throughout the planning process.

+ The knowledge and understanding needed by
those who will carry out subsequent phases
of a project can only be gained through
active participation.

Community-based planning can be seen
in the Atlantic Coastal Action Programme
(ACAP) in eastern Canada. The purpose of

this project is to develop blueprints for the

restoration and maintenance of environmentally
degraded harbors and estuaries in ways that are
both biologically and socially sustainable. Officially
established under Canada’s Green Plan and supported
by Environment Canada, this program created 13 community
groups, some rural and some urban, with membership in each
dominated by local residents. Federal and provincial government
agencies are represented primarily as nonvoting observers and
resoue people. Each commurity group is provided with core
funding for
and facilitate meetings.

Four of the 13 ACAP sites are in the Bay of Fundy, an impor-
tant and unique estuary lying between New Brunswick and Nova
Scotia. Approximately 270 km long, and with an area of more
than 12,000 ki, the bay. together with the nearby Georges Bank
and the Gulf of Maine once formed one of the richest fisheries in
the world (fig. 24.20a). With the world's highest recorded tidal
range (up to 16 m at maximum spring tide), the bay stil sus
a great variety of fishery and wildlife resources, and provides
habitat for a number of rare or endangered species. Now home
to more than 1 million people, the coastal re;
tant agricultural, lumbering, and paper-producing region. Pollu-
tion and sediment damage harbors and biological communities.
Overfishing and introduction of exotic species have resulted
in endemic species declines. The collapse of cod, halibut, and
haddock fishing has had devastating economic effects on the
regional economy and the livelihoods of local residents. To cope
with these comples, intertwined social and biological problems,
ACAPis bringing together different stakeholders from around the
bay to create comprehensive plans for ecological, economic, and
social sustainability, including citizen monitoring and adaptive
management.

Green plans outline goals for sustainability

Several national governments have undertaken integrated envi-
ronmental planning that incorporates community round-tables for
vision development. Canada, New Zealand, Sweden, and Den-
mark all have so-called green plans or comprehensive, long-range
national environmental strategies. The best of these plans weave
together complex systems, such as water, ai, soil, and energy, and
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Environmental racism distributes

hazards inequitably

Racial prejudice is a belief that people are inferior merely because
of their race. Racism is prejudice with power. Environmental
racism is inequitable distribution of environmental hazards based
on race. Evidence of environmental racism can be seen in lead poi-
soning in children. The Federal Agency for Toxic Substances and
Disease Registry considers lead poisoning to be the number one
environmental health problem for children in the United States.
Some 4 million children—many of whom are African American,
Latino, Native American, or Asian, and most of whom live in
inner-city areas—have dangerously high lead levels in their bod-
ies. This lead is absorbed from old lead-based house paint, con-
taminated drinking water from lead pipes or lead solder, and soil
polluted by industrial effluents and automobile exhaust. The evi-
dence of racismis that at every income level, whether rich or poor,
black children are two to three times more likely than whites to
suffer from lead poisoning.

Because of their quasi-independent status, most Native-
American reservations are considered sovereign nations that are
not covered by state environmental regulations. Court decisions
holding that reservations are specifically exempt from hazard-
ous waste storage and disposal regulations have resulted in a land
rush of seductive offers from waste disposal companies to Native-
American reservations for onsite waste dumps, incinerators, and
landfills. The short-term economic incentives can be overwhelm-
ing for communities in which adult unemployment runs between
60 and 80 percent. Uneducated, powerless people often can be
tricked or intimidated into signing environmentally and socially
disastrous contracts. Nearly every tribe in America has been
approached with proposals for some dangerous industry or waste
facility.

The practice of targeting poor communities of color in the
developing nations for waste disposal and/or prcnmcnmlmn with
risky technologies has been described as toxic coloni
nationally, the trade in toxic waste has mushroomed in recent years
as wealthy countries have become aware of the risks of indus-
trial refuse. Poor, minority communities at home and abroad are
being increasingly targeted as places to dump unwanted wastes.

. Inter-

FIGURE 1.25 Much of our waste is exported to developing
countries where environmental controls are limited. Here workers
in a Chinese vilage sort s\ectmmc waste materials.

: Basel Acion Netw

Although a treaty regulating international shipping of toxics was
signed by 105 nations in 1989, millions of tons of toxic and haz-
ardous materials continue to move—legally or illegally—from the
ticher countries to the poorer ones every year. This issue is dis-
cussed further in chapter 23.
ne of the ways we export our pollution is in the form of dis-

carded electrical equipment, such as computers and cell phones.
Offten these items are broken apart o remove lead, copper, and
other components. Conditions for workers can be extremely haz-
ardous (fig. 1.25).

‘The U.S. Environmental Justice Act was established in 1992
1o identify areas threatened by the highest levels of toxic chemi
cals, assess health effects caused by emissions of those chemicals,
and ensure that groups or individuals residing within those areas
have opportunities and resources to participate in public
sions concering siting and cleanup of industrial facilites. Per-
haps we need something similar worldwide.

us-

CONCLUSION

We face many environmental dilemmas, but there are also many
opportunities for improving lives without damaging our shared
environment. China’s growth and innovation provide examples
of those challenges and opportunities. Both in China and glob-
ally, we face air and water pollution, chronic hunger, water
shortages, and other problems. On the other hand, we have seen
important innovations in transportation, energy sources, food
production, and intemational cooperation for environmental
protection. Environmental science is a discipline that draws on

many kinds of knowledge to understand these problems and to
help find solutions—which can draw on knowledge from tech-
nological, biological, economic, political, social, and many other
fields of study.

‘There are deep historic roots to our efforts to protect our
environment. Utilitarian conservation has been a common incen-
tive; aesthetic preservation also motivates many people to work
for conservation. Social progress, and a concern for making sure
that all people have access to a healthy environment, has also
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important motivating factors in environmental science and in
environmental conservation. Inequitable distribution of resources
has been a persistent concern. Growing consumption of energy,
water, land, and other resources makes many questions in envi-
ronmental science more urgent

ustainable development is the idea that we can improve peo-
ple’s lives withou reducing resources and pponnilis for future
generations. This goal may or may not be achievable, a
important ideal that can help us understand i identify appropriate
and fair directions for improving people’s lives around the world.

Ethics and faith-based perspectives often inspire people to
work for resource conservation, because ethical frameworks and
religions often promote ideas of faimess and stewardship of the
world we have received. One important ethical principle is the
notion of moral extensionis. Stewardship, or taking care of our
environment, has been a guiding principle for many faith-based
‘groups. Often these groups have led the struggle for environmen-
tal justice for minority and low- e

REVIEWING LEARNING OUTCOMES

By now you should be able to explain the following points:
1.1 Explain what environmental s
different kinds of knowledge.
. science is the of
and our proper place in it

ience is, and how it draws on

+ Noone discipline has answers 0 all the environmental chllenges
we face. It will take integrative, creaive, resourceful thinking to
find sustainable solutions.

1.2 List and describe some current concerns in environmental
science.

« We live on a marvelous planet of rich biodiversity and complex
ecological systems.

We face many serious environmental problems including water
supplies, safe drinking water, hunger, land degradation, energy,
air qualty, and biodiversity losses.

« There are many signs of hope in terms of social progress, environ-
mental protection, energy choices, and the spread of democracy.

1.3 Identify some carly thinkers on environment and resources,
and contrast some of their ideas.
« Nature protection has historic roots
* Resource waste inspired pragmatic, utilitarian conservation.
« Exhical and aesthetic concerns inspired the presersation movement

« Rising polluton levels led 1o the modern environmental moverment.
« Environmental quality s tied to social progress.

1.4 Appreciate the human dimensions of environmental science,
including the connection between poverty and environmental
degradation.

+ We live in an inequitable world.
« Faced with immediate survival needs and few options. poor peo-
ple ofien have no choice but to degrade their environment.
« Recent progress in human development is encouraging
1.5 Describe sustainable development and its goals.
+ Can development be truly sustainable?
« What s the role of international aid?
« Indigenous people are important guardians of nature.

1.6 Explain a key point of environmental ethics.
+ We can extend moral value to people and things.

1.7 Identify ways in which faith-based groups share concerns for
our environment.
« Many faiths support environmental conservation.
« Environmental justice combines civil rights and environmental

protection.

« Environmental racism distributes hazards inequitably.

PRACTICE QUIZ

Define environment and environmental scienc

Describe four stages in conservation history and identify one
leader associated with each stage.

3. List six environmental dilemmas that we now face and sum-
marize how each concerns us.

=

Identify some signs of hope for solving environmental
problems.
5. What s extreme poverty, and why should we care?
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6. How much difference is there in per capita income, infant mor-
tality, and CO, production between the poorest and richest
countries?

. Why should we be worried about economic growth in China?

. Define sustainable development.
How much would it cost to eliminate acute poverty and
ensure basic human needs for everyone?

©

3

. Why are indigenous people important as guardians of nature?
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More recently the 2009 Copenhagen climate summit sought
and failed t0 find a widely acceptable compromise with enforce-
able strategies for greenhouse gas emissions. Disagreements
between the world's two largest greenhouse gas producers, China
and the United States, effectively derailed any binding agreements.
‘The meeting did produce a nonbinding agreement of principles,
however. Among these principles were the statements that “cli-
mate change is one of the greatest challenges of our time;” and that
“deep cuts in global emissions are required ... to hold the increase
in global temperature below 2 degrees Celsius.”

“This nonbinding statement was quickly accepted by over
110 countries. While these statements don’t commit countries to
meaningful action—the primary aim of the Copenhagen meeting—
they do commit countries to acknowledging the principle. Perhaps
establishing agreement on the idea will be palatable and make
some progress, where wrangling over penalties has thus far faled.

When strong accords with meaningful sanctions cannot be
passed, sometimes the pressure of world opinion generated by
revealing the sources of pollution can be effective. Activists can
use this information to expose violators. For example, the envi-
ronmental group Greenpeace discovered monitoring data in 1990
showing that Britain was disposing of coal ash in the North Sea.
Although not explicitly forbidden by the Oslo Convention on
ocean dumping, this evidence proved to be an embarrassment, and
the practice was halte

“Trade sanctions can be an effective tool to compel compliance
with international treaties. The Montreal Protocol used the threat
of trade sanctions very effectively to cut CFC production dramati-
cally. On the other hand, trade agreements also can work against
environmental protection. The World Trade Organization (WTO)
was established to promote free international trade and to encour-
age economic development. The WTO’s emphasis on unfettered
trade, however, has led to weakening of local environmental rules.
In 1990 the United States banned the import of tuna caught using
methods that kill thousands of dolphins each year. Shrimp caught
with nets that kill endangered sea turtles were also banned. Mexico
filed a complaint with the WTO, contending that dolphin-safe tuna
laws represented an illegal barrier to trade. Thailand, Malaysia,
India, and Pakistan filed a similar suit against turtle-friendly shrimp
aws. The WTO ordered the United States to allow the import of
both tuna and shrimp from countries that allow fisheries to kill dol-
phins and turtles. Environmental advocates point out that the WTO
has never ruled against a corporation because it is composed of
industry leaders. As such, the WTO mainly defends the interests of
the business community, not the broader public interest.

24.5 NEw APPROACHES To PoLicy

As we gain experience with environmental governance, new pol-
icy strategies are being developed. These approaches are grow-
ing in part because environmental protection has remained a high
priority for the public (fig. 24.18). One of the key changes has
been 1o seck win/win in debates.

Dont
know,
@)
Increase
spending,
6%

FIGURE 24.18 Americans persistently favor maintaining or
increasing spending on environmental protections.

agreements without the mutual suspicions and hostility inher-
ent in a lawsuit. Dispute resolution can avoid the time, expense,
and_ winner-take-all confrontation inherent in lawsuits, these
techniques encourage compromise and workable solutions with
which everyone can live.

Arbitration is a formal process of dispute resolution some-
what like a trial. There are stringent rules of evidence, cross-
examination of witnesses, and the process results in a legally
binding dec e arbitrator can actively work to find cre-
ative resolutions to the dispute. Mediation is generally less for-
mal. Disputants are encouraged 1o sit down and talk to see if
they can come up with a solution. Often in face-to-face meetings
people are more willing to see their opponent’s viewpoint and
seek solutions.

Less rigid strategies for rule making are also being developed.
One of these is adaptive management, or “learning by doing.”
“This approach proposes that management should be experimental.
Environmental policies should be designed from the outset to test
clearly formulated hypotheses abou the ecological, social, and
economic impacts of the actions being undertaken (fig. 24.19).
What initially seemed to be the best policy may not always be
best, so we need to carefully monitor how conditions are chang-
ing. And we need to be able and willing to revise plans if our ini-
tial assumptions don't hold up over time.

Ecological principles also suggest that policy makers should
plan for resilience—that is, for changes and recovery in a system
(table 24.3). This means, for example, that protected forests must
be large enough to allow for disturbance (such as fire or pest out-
breaks) and recovery, or that policy makers should anticipate the

ossibility climate or species abundance may change over time.

Community-based planning uses
local knowledge

Over the past several decades, natural resource managers have
come to recognize the value of holistic planning that acknowl-
edges multiple users and perspectives. Involving all stakeholders
and interest groups carly in the planning process can help avoid
the “train wrecks” in which adversaries become enirenched in

Dispute resolution and mediation are strategies for reaching

ible positions. Working with local communities can tap
into traditional knowledge and gain acceptance for management
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fluorine-based chemicals at fault for reducing ozone are used
mainly as refrigerants. Aliemative refrigerants have since been
developed. and the use of chlorofluorocarbons (CFCs) and related
molecules has plummeted. Although the ozone “hole” has not dis-
appeared, it has declined as predicted by almosphcnc scientists
since the phase-out of CFCs. The Montreal Protoc
up as an example of a highly successful and clfctive nenatonl
environmental agreement.

‘The Montreal Protocol was effective because it bound signa-
tory nations not to purchase CFCs or products made using them
from countries that refused to ratfy the treaty. This trade restric-
tion put substantial pressure on producing countries. Initially the
protocl called for only a 50 percent reduction in CEC production,
but subsequent research showed that ozone was being depleted
faster than previously thought (chapter 9). The protocol was
strengthened to an outright ban on CFC production, in spite of the
objection of a few countries.

‘The Basel Convention (1992) restrcts shipment of hazard-

ous waste across boundaries. The aim of this convention, which
has 172 signatories,is to protect health and the environment, espe-
cially in developing areas, by stating that hazardous substances
should be disposed of in the tates that generated them. Signato-
ries are required to prohibit the export of hazardous wastes unless
the receiving state gives prior informed consent, in writing, that a
shipment is allowable. Partes are also required to minimize pro-
duction of hazardous materials and to ensure that there are safe
disposal facilities within their own boundaries. This convention
establishes that it is the responsibility of states to make sure that
their own corporations comply with international laws. The Basel
Convention was enhanced by the Rotterdam Convention (1997),
which places similar restrictions on unauthorized transboundary
ment of industrial chemicals and pesticides.
“The 1994 UN Framework Convention on Climate Change
(UNFCC) directs governments to share data on climate change,
to develop national plans for controlling greenhouse gases,
and to cooperate in planning for adaptation to climate change.
Where the UNFCC encouraged reduction in greenhouse gas
(GHG) emissions, the Kyoto Protocol (1997) set binding targets
for signatories to reduce greenhouse gas emissions to less than
1990 levels by 2012, While the idea of binding targets is strong,
and some countries (such as Sweden) are likely to achieve their
‘goals, most countries are still falling short of their target. The
protocol has been controversial because it sets tighter restrictions
on industrialized countries, which are responsible for roughly
90 percent of GHG emissions up to the present, than for devel-
oping countries. Signatories are required to report their GHG
emissions in order to document changes in their production. The
protocol went into force in 2003, when 198 states and the Euro-
pean Union had signed the agreement. These signatories con-
tribute almost 64 percent of global GHG emissions. The United
States and China, the largest GHG emitters, have not signed the
Kyoto Protocol, out of concern for their economic growth. Sub-
sequent meetings in Copenhagen (2009) and Cancun (2010) have
added incremental progress, although real reductions remain
modest (chaper 15).
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Enforcement often depends on national pride

Enforcement of intemational agreements often depends on the idea
that countries care about their international reputation. Except in
extreme cases such as genocide, the global community is unwill-
ing to send an extemnal police force into a country, because states
are wary of interfering with the internal sovereignty of other states.
However, most countries are reluctant to appear iresponsible or
immoral in the eyes of the international community, so moral per-
suasion and public embarrassment can be effective enforcement
strategies. Shining a spotlight on transgressions will often push a
country to comply with international agreements,

Offen international negotiators aim for unanimous agreement
0 ensure strong acceptance of imemzlional policies. Though this
approach makes a strong agret
have veto power over the Vibor or the vast majority. For instance,
more than 100 countries at the UN Conference on Environment and
Development (UNCED), held in Rio de Janeiro in 1992, agreed to
restrictions on the release of greenhouse gases. Al the insistence of
U.S. negotiators, however, the climate convention was reworded so
that it only urged—but did not require—nations to stabilize their
emissions. Similarly,in 2010 negotiations over CITES species pro-
tection, Japan almost single-handedly derailed global protections
for bluefin tuna, a huge, long-lived fish whose populations have
dropped below 15 percent of historic levels (see chapter 6).

When a consensus cannot be reached, negotiators may seek
an agreement acceptable to a majority of countries. This approach
was used in negotiating the Kyoto Protocol on climate change,
which sought, and eventually achieved, agreement from a majority
of countries. Only signing countries are bound by such a treaty,
but nonsigning countries may comply anyway, to avoid interna-
tional embarrassment (fig. 24.17).

FIGURE 24.17 Global awareness of environmental issues
an push countries to comply with treaties. Here a youth group
from the Maldives, an island nation threatened by fising sea levels,
stages a protest as part of the global 350.0rg movement for con-
troling climate change.
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1
CRITICAL THINKING AND DISCUSSION QUESTIONS

Should environmental science include human dimensions?
Explain.

. Overall, do environmental and social conditions in China
give you hope or fear about the future?

©

‘What are the underlying assumptions and values of unhmﬂan
conservation and altruistic preservation? Which do
favor?

-

. What resource uses are most strongly represented in the eco-
logical footprint? What are the advantages and disadvantages
of using this assessment?

5. Are there enough resources in the world for 8 or 10 billion
people to live decent, secure, happy lives? What do these
terms mean to you? Try to imagine what they mean to resi-
dents of other countries.

6. What would it take for human development to be truly

7. Are you optimistic or pessimistic about our chances of
achieving sustainability? Why?

ﬁ alySiS. Working with Graphs

Graphs are one of the most common and important ways scien-
tists communicate their results. Learning to understand graphing
techniques—the language of graphs—will help you better under-
stand this

Graphs are visual presentations of data that help us identify
trends and understand relationships. We could present a table of
numbers, but most of us have difficulty seeing a pattern in a field
of numbers. In a graph, we can quickly and easily see trends and
relationships.

clow are two graphs that appeared earlier in this chapter.

Often we pass quickly over graphs like these that appear in text,
butit's rewarding to investigate them more closely, because their
relationships can raise interesting questions. Answer the num-
bered questions on the next page to make sure you understand
the graphs shown,
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FIGURE 1 Our global ecological footprint has nearly tripld since 1961, when
we began to collect lobal environmental data.
Sources W, 200

Firstlet’s examine the parts of a graph. Usually there is a hori-
zontal axis (also known as the “X-axis") and a vertical axis (the
“Yeaxis”). Usually,in the relationship shown in a graph, one vari-
able s thought to explain the other. In figure 1, for example, as
time passes, the size of our ecological footprint grows. Inthis case,
fime is an independent variable that (at least partly) explains
changes in the dependent variable, foorprint.
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FIGURE 2 Environmental indicators for China, 1994-2005. Income doubled, as
measured by gross domestic product (GDF), but the number o cars ose four-
fold. Chemical oxygen demand (COD, 2 measure of water pollution) dectined
with industrial controls, but sulfer dioxide (S0) emissions increased as more
coal was burned.

Source: Shao, M., et al., 2006,
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Questions:

o

2 e

What units are used for the dependent variably
What i the lowest value on this axis? The highest?

What was the approximate size of our global footprint in
19607 In 2005? How many times bigger i the 2005 value?
(To answer, divide the bigger number by the smaller
number)

“This graph has several lines, each contributing part of the
total, Which factor had the greatest impact in 19612 The
second greatest impact? By 2005, had those values
changed greatly o slightly?

Which factor had the greatest impact in 20057 What s the
proportional increase from 1961 to 2005

Based on this graph, would you say that your ecological
footprint i probably greater o less than your parents’ foot-
prints when they were your age? What does that mean about
the kinds of goods you consume? Are you happier or health-
ier than your parents were at your age? Why or why not?
Examine figure 2, which shows several indicators of
China’s economy and environment. This is a more complex
graph than the first one because it has two Y-axes an

more than one value graphed. But it follows the same
principles as any other line graph.

What i the range of values on the X-axis? What are the
values and units on the right vertical axis?

What is GDP, in general terms?

“The right axis shows values for only one of the plotted
lines. Which line is this?

CHAPTER 1 Understanding Our Environment

‘The complex left axis shows the number of cars and how
many millions of tons of pollutants are produced. The pol-
lutants shown are SO, and dust (sulfur dioxide and airbome
dust are important air pollutants) and COD, or chemical
oxygen demand (a measure of water contamination). As
GDP has risen, have all three pollutants also risen?

Based on this graph, would you say that rising GDP
necessarily causes greater pollution? Why would rising
GDP cause more pollution? Why might it not?

How does this graph correspond to the theoretical presenta-
tion in figure 1.167 Based on theory, which factors would
you expect o increase as GDP rises, and which would you
expect to fall?

Answers:

Units are number of planet carths,

“The lowest and highest values are 0 and 1.4 planet carths.
1960: about 0.6 earths; 2005: about 1.4 carths. This is an
increase of more than twofold.

The biggest factors in 1961 were cropland and grazing
land. These had changed little by 2005.

‘The biggest factor in 2005 was carbon footprint. This factor
tose from about 0.1 to about 0.6 earths, a six fold increase.
On average, our ecological footprint has more than doubled
compared to a generation ago, mainly through energy use.

For Additional jing This Chapter,

eaing s, all of which wil el you leam enironmental sciénce.
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FIGURE 24.16 Major intemational environmental agreements, listed in order of ratification dates.

International Trade in Endangered Species (CITES), for example,
was not enforced until 14 years after its ratification in 1973, but
the Convention on Biological Diversity (1991) was enforceable
after just one year, with 160 nations signing the agreement just
four years after its introduction

Over the past 25 years, more than 170 treaties and conven-
tions have been negotiated to protect our global environment.
These agreements have focused on concerns ranging from
intercontinental shipping of hazardous wase, to deforestation,
overfishing, trade in endangered species, global warming, and
wetlands protection.

Major International Agreements

International accords and conventions have emerged slowly but
fairly steadily from meetings such as those in Stockholm and Rio
(table 24.2). A few of the important benchmark agreements are
discussed here.

The Convention on International Trade in Endangered
Species (CITES, 1973) declared that wild flora and fauna are valu-

disappearing species, CITES maintains a list of threatened and
endangered species that may be affected by trade. As with most
international agreements, this one takes no position on movement
or loss of species within national boundaries, but it establishes
rules o restrict unauthorized or illegal trade across boundaries.
In particular, an export permit is required specifying that a state
expert declares an export i legal, that it s not cruel, and that it will
not threaten a wild population

‘The Montreal Protocol (1987) protects stratospheric ozone.
“This treaty committed signatories to phase out the production and
use of several chemicals that break down ozone in the atmosphere.
‘The ozone “hole,” a declining concentration of ozone () mol-
ecules over the South Pole, threatened living things: ozone high in
the atmosphere blocks cancer-causing ultraviolet radiation, keep-
ing it from reaching the carth’s surface. The stable chlorine- and

Table 24.2 Some Important International Treaties

BD: Convention on Biological Diversity 1992 (1993)

CITES: Convention on International Trade on Endangered Species of Wild Fauna and Flora 1973 (1987)

CMS: Convention on the Conservation of Migratory Species of Wild Animels 1979 (1983)

Basel: Basel Convention on the Transhoundary Movements of Hazardous Wastes and their Disposal 1989 (1992)

Ozone: Vienna Convention for the Protection of the Ozane Layer and Montreal Protocol on Substances that Deplete the Ozone Layer 1985 (1988)

UNFCCC: United Nations Framework Convention on Climate Change 1992 (1994)

CCD: United Nations Convention to Combat Desertification in those Countries Experiencing Serious Drought and/or Desertification, Particularly in

Africa 1994 (1996)

Ramsar: Convention on Wetlands of International Importance especially as Waterfowl Habitat 1971 (1975)

Heritage: Convention Concerning the Protection of the World Cultural and Natural Heritage 1972 (1975)

UNCLOS: United Nations Convention on the Law of the Sea 1982 (1994)
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FIGURE 24.15 When a record-breaking spate of torna-
does destroyed communities in several states in the spring of
2011, it was clear that govenment agencies were needed to aid
recovery.

people they work most closely with and often develop friendships
with are those they are supposed to watch. And when they leave
the agency to return o private life—as many do when the admin-
istration changes—they are likely to go back to the same industry
or sector where their experience and expertise lies. The effect is
often what's called a “revolving door,” where workers move back
and forth between industry and government. As a result, regulators
often become overly sympathetic with and protective of the indus-
try they should be oversecing.

How much government do we want?

In his 1981 inaugural address, President Ronald Reagan famously
said, “Government s not the solution to our problem; government
i the problem.” In this, he invoked a perennial debate in Ameri-
can politics: Is government a power that undermines personal
liberties? Or is government a representative of the people and a
defender of personal lberties against bullies?

‘The answer sometimes depends on when you ask. During
political campaigns, many of us decry the size and cost of govern-
ment agencies. But in a crisis most of us assume the government
will be there to help us ou, as it id after a record-breaking spate
of tornadoes swept from Mississippi to Georgia in 2011. Within

ours, affected states welcomed federal rescue teams, emergency
aid, and federal funding for reconstruction (fig. 24.15).

Debates about the proper size and role of government are
common. We value self-reliance and rugged individualism. Yet
we also want someone to protect us from contaminated food and
drugs, 10 educate our children, and to provide roads, bridges, and
safe drinking water. President Reagan was among those who favor
“free market” capitalism, with businesses unfettered by rules such
as the Clean Air Act or the Clean Water Act. Political strategist
Grover Norquist, president of the Americans for Tax Reform,
famously said he'd like to “shrink the government down to the
size where we can drown it in the bathtub” Other observers note
that while Reagan’s language focused on freedom for individuals
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and small business owners, the elimination of public health and
safety regulations tends to undermine the interests of individuals
and small businesses. Advantages are often given o the biggest
players in a rule-less game.

Part of the reason these disputes persist may be that both
Views are partally correct, Regulations, such as those imposing
expensive pollution abatement technologies for polluters, require
private businesses to bear the cost of protecting public resources.
Businesses are squeezed between shareholders’ demands for
ever-higher profits and agency demands for safer, sometimes
costly, operating standards. Viewed another way, regulations
require businesses to clean up their own messes. Opponents of
agency regulations point out that corporations produce the eco-
nomic vitality on which our prosperity depends. Proponents of
regulations point out that corporations couldn’t prosper without
subsidies, tax breaks, transportation infrastructure, and a healthy
and educated workforce. These costs are necessary to doing busi-
ness but are normally external to the accounting of business costs
and profis.

Since about 1981 the small-government philosophy has dis-
mantled much of the regulatory structure set up during President
Nixon’s term in office. Ofien this has been done by agency heads,
who have been appointed despite openly opposing the existence
of those agencies and their laws. For example, President George
W. Bush appointed Christopher Cox, a proponent of bank deregu-
lation, to chair the Securities and Exchange Commission, which
oversees Wall Street trading. Subsequent dismantling of trading
rules led to risky behavior by banks, which culminated in the Wall
Street collapse in 2007-2008. Business failures and high unem-
ployment spread nationwide and have lasted for years. President
Bush also oversaw dramatic reductions in USDA food safety
inspections, on the grounds that they represented unnecessary
interference in the private business of the food industry. Increas-
ingly frequent food contamination scares have made many Ameri-
cans rethink the importance of government inspectors in the food
system.

These debates probably will always be with us. Which view
i most correct depends on many factors: your interest group, life
experience, philosophical perspective, and economic position, the
time frame you analyze, and other priorities. What factors influ-
ence your view on these issues? Do you think there is room for
compromise? If not, why not? If yes, where?

24.4 INTERNATIONAL CONVENTIONS

Growing in our globa y
have made nations increasingly interested in signing on to inter-
ational agreements (conventions) for environmental protection.
A principal motivation for participating in these treaties is the
recognition that countries can no longer act alone to protect their
resources and interests. Water resources, the atmosphere, trade
in endangered species, and many other concems cross interna-
tional boundaries. Over time the number of parties taking part in
negotiations has grown sharply (fig. 24.16). The speed at which
agreements take force has also increased. The Convention on
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Researchers measure plant growth in experimental
plots in the B4Wamed study in northern Minnesota.

Learning Outcomes “The ultimate test of a moral society is

Afer studying this chapter; you should be able o: the kind of world that it leaves to its
2.1 Describe the scientific method and explain how N »
P children.” - Dietrich Bonhoeffer

22 Explain systems and how they're useful in science.
2.3 Evaluate the role of scientific consensus and conflict.



Forest Responses

Case Study to Global Warming

How will forests respond to climate change? This is one of the great
unknowns in environmental science today. Wll norther regions
that now support boreal forest shift to another biome—hardwood
forest, open savannah, grassland, or something entirly different?
With rising emissions of CO, and other greenhouse gases, climate
models predict that boreal forests will move north by about 480 km
(300 mi) within this century. But there’s a great deal of uncertainty
prediction.

How do environmental scientists approach and analyze
such complex questions? One strategy is to grow plants in
greenhouse, and test plant responses to different temperature and
moisture levels. By changing just one variable at a time, we can
get an approximation of responses to environmental change. But
this approach misses the complex species interactions that influ-

Apparently both standing vegeta-
tion and soil microbes alter their
metabolic rates to acclimate to |
ambient environmental conditions.
Thus the feedback cycles predicted to
exacerbate global warming effects may
not be as bad as we feared.

This kind of careful, rational, systematic research is the
hallmark of modern science. It has given us powerful insights
into how our world works. In this chapter, we'll look at how
scientists form and answer other questions about our environ-
ment. For related resources, including Google Earth place marks
that show locations where these issues can be explored, visit
hitp://EnvironmentalScience-Cunningham.blogspot.com.

alternative approach is to use field tests in
which mixtures of plants are grown in natu-
ral settings that include competition ~for
resources, predator/prey interactions, natu-
ral climatic variations, and other ecological
factors.

Professor Peter Reich, his colleagues
and student research assistants are now car-
rying out such a field study in a patch of
boreal (northern) forest in Minnesota. Call-
ing this experiment B4Warmed, which
stands for Boreal Forest Warming at an

Ecotone in Danger, they are artificially

raising ambient temperatures in aseries
of boreal forest plots, to emulate warming
climate conditions.

‘roup established 96 circular experi-
mental plots, each 3 meters (98 1) in diameter
(fig. 2.1). Each plot was planted with a mixture of tree species and
annual understory plants. The plots were then randomly assigned to
one of four treatments. Half the plots are in mature forest, and half
are in forest openings. Half are kept 2°C above ambient tempera-
tures, and half are kept 4°C higher than ambient temperatures, using
infrared lamps placed around the plots, as well as buried heat cables
(fig 2.2). Control plots (with no temperature manipulations) are also
maintained for comparison with treatments.

16 too early to know exactly what the long-term effects of
warming will be on the northern forest community. It seems likely
that species, such as aspen, spruce, and birch, which are now at the
southern edge of their range in the study area won't do as well under
a warmer climate as the temperate maple-oak foresls now growing
further south. However, both northern and temperate species may
perform poorly under warmer conditions. If so, neither our current
forest trees nor their potential replacements may be wel suited to
our future climate. This experiment wil enable us to assess the
potential for climate change o alter future forest composition.

One preliminary result from this study that appears to offer
g00d news is that the CO, emissions both from forest plants and
from the soil are lower than expected at higher temperatures.
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FIGURE 2.1 Experimental design for B4MWarmed Study.

FIGURE 2.2 A student researcher adjust the electrcal panel that controls
heat lamps and heating cabl

FIGURE 24.13 Many national monuments, including the
U.S. Virgin Islands Coral Reef Monument shown here, are created
by executive rules.

national parks and wildlife refuges. Altogether, Clinton ordered
protection for about 36 million ha (90 million acres) of nature
preserves, the largest of which was the Pacific Ocean reserve
composed of 34 million ha of ocean and coral reefs northwest
of Hawaii
Rules and policies made by executive decree in one admin-
istration can be quickly undone in the next one. In s first day
in office, President George W. Bush ordered all federal agen-
cies to suspend or ignore more than 60 rules and regulations
from the Clinton administration. In addition, President Bush
called for a sweeping overhaul of environmental laws to ease
restrictions on businesses and to speed decisions on develop-
ment projects, and he prevented implementation of many other
environmental rules. Because most of this agenda was pur-
sued through agency regulations and executive orders, most
Americans, distracted by fears of terrorism and lingering wars
n Afghanistan and Irag, were unaware of the magnitude and
i shift. Barack Obama, in turn,
s excutive rules, restoring
environmental and social protections.
Animportant a repe
edly by these presidents is the moratorium (ban) on building new
logging roads in nearly 24 million ha of roadless public land. This
rule, also established under Clinton, defends wild areas that have
0 other legal protection (de facto wilderness). The pro-industry
Bush administration reversed Clinton’s rules; the pro-conservation
Obama administration then reversed Bush’s reversals.

Regulatory Agencies

‘The EPA is the primary agency with responsibility for protect-
ing environmental quality. It was created in 1970, at the same
time as NEPA, and its head is appointed by the president as part
of his cabinet, the small body of top administrators who work
directly with the president. Like other cabinet positions, the EPA
is strongly influenced by political winds. EPA funding, enforce-
ment activity, and rule-making strongly reflect the views of the
president’s political advisers. Under the Nixon and Carter admi
strations, the EPA grew rapidly and enforced air and water quality
standards vigorously. EPA activity and funding declined sharply
during the Reagan administration, recovered under Bill Clinton,
declined again during the Bush administrations, and rose again
under Obama.

‘The Departments of the Interior and Agriculture manage nat-
ural resources. The National Park Service, which is responsible
for more than 376 national parks, monuments, historic sites, and
recreational areas, is part of the Interior Department. Other Inte-
rior agencies are the Bureau of Land Management (BLM), which
administers some 140 million ha of land, mostly in the western
United States, and the Fish and Wildlife Service, which operates
more than 500 national wildlife refuges and administers endan-
‘gered species protection.

“The Department of Agriculture is home to the U.S. Forest
Service, which manages about 175 national forests and grasslands,
totaling some 78 million ha (fig. 24.14). With 39,000 employees,
the Forest Service is nearly twice as large as the EPA. The Depart-
ment of Labor houses the Occupational Safety and Health Agency
(OSHAY), which oversees workplace safety, including exposure to
toxic substances. In addition, several independent agencies that
are not tied to any specific department also play a role in envi-
ronmental protection and public health. The Consumer Products
Safety Commission passes and enforces regulations o protect
consumers, and the Food and Drug Administration is responsible
for the purity and wholesomeness of food and drugs.

Al of these agencies have a tendency to be “captured” by the
industries they are supposed to be regulating. Many of the people
with expertise to regulate specific arcas came from the industry
or sector of society that their agency oversees. Furthermore, the

FIGURE 24.14 Smokey Bear symbolizes the Forest
Service's role in extinguishing forest fires.




strategic lawsuits against public participation (SLAPP).
zens who criticize businesses that pollute or government agencies
that neglect their responsibility to protect the public are often sued
in retaliation.

Most of these preemptive strikes are groundless and ulti-
mately dismissed, but defending yourself against them can be
cripplingly expensive and they can halt progress on the issue in
question. Public interest groups and individual activists—many of
whom have little money to defend themselves—often are intimi-
dated from taking on polluters. For example, when a West Vir-
ginia farmer wrote an article about a coal company’s pollution of
the Buckhannon River, the company sued him for $200,000 for
defamation. Similarly, citizen groups fighting a proposed incinera-
tor in upstate New York were sued for $1.5 million by their own
county governments. A Texas woman called a nearby landfill a
dump—and her husband was named in a $5 million suit for failing
0 “control his wife.”

Executive agencies make rules and enforce laws

More than 100 federal agencies and thousands of state and
Tocal boards and commissions oversee environmental policies.
‘They set rules, adjudicate disputes, and investigate misconduct.

In the federal government, the president’s cabinet (a group of
department heads in charge of various tasks) includes the heads
of major departments such as Agriculure, Interior, or Justice
(fig. 24.12). Rules that these agencies make and enforce decide
many of our most important environmental, resource, and
health issues.

The public can influence agency rule-making by giv-
ing comments on a proposed rule. Comments can be made at
regional hearings, which agencies are required to offer, and by
mail or email during a “public comment period.” usually a few
months, that precedes the acceptance of a new rule or action.
Often thousands of comments are collected, and these can sub-
stantially influence whether or not a proposed rule or plan is
enacted.

Executive orders also can be powerful agents for change,
In 1994, for instance, President Bill Clinton issued Executive
Order 12898 requiring all federal agencies to collect data on
effects of pollution on minorities, and to develop strategies to
promote environmental justice. The availability of this informa-
tion allows the public to see and debate matters that are other-
wise hidden from view. During his two terms in office, Clinton
used the Antiquities Act 1o establish 22 new national monu-
ments (fig. 24.13). In addition, he expanded dozens of existing
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2.1 WHAT Is SCIENCE?

Seienceis process forproducing knowledge m:!hodlcall) and log-
ically. Derived from scire, “10 know” in Latin, science depends on
making precise observations of natural phenomena. We develop or
test theories (proposed explanations of how a process works) using
these observations, “Science” also refers to the cumulative body of
by many scientist. Scien
it helps us understand the world and meet mel needs, such as
new medicines, new energy sources, or new foods. In this section,
we'linvestigate how and why science follows standard methods.
that the world

that we can lear about the world by careful observation (table 2.1).
For carly philosophers of science, this assumption was a radical
departure from religious and philosophical approaches. In the
Middle Ages, the ultimate sources of knowledge about how crops
‘grow, how diseases spread, or how the stars move, were religious
authorities or cultural traditions. While these sources provided
many useful insighs, there was no way to test their explanations
independently and objectively. The benefit of scientific thinking
is that it searches for testable evidence. By testing our ideas with
observable evidence, we can evaluate whether our explanations
are reasonable or not.

Science depends on skepticism and accuracy

Ideally, sci are skeptical. They are cautious about accepting
proposed explanations until there i substantial evidence to support
them. Even then, as we saw in the case study about global warming

Table

1. Empiriism: We can leam about the world by careful obsenvtion
of empirica (ral, observable) phenomen; we can expect to
understand fundamental processes and atura laws by obsenvation.
Uniformitarianism: Basic patterns and processes are uriform
across time and space; the forces at work today are the same as
those that shaped the world in the past, and they will continue
todo 5o in the future.

Parsimony: When two plausible explanations ar reasonable, the
simpler (more parsimonious) one i preferabl. This ule i also known
a5 Ockhan' razor, afte the English philosopher who proposed it
Uncertainty: Knowledge changes as new evidence appears, and
explanations (theories) change with new evidence. Theoris based
on current evidence should be tested on aditional evidence, with
the understanding that new data may disprove the best theories.
Repeatability: Tests and experiments shold be repeatable; if

the same results cannot be reproduced, then the conclusions are
probably incorect.

We rarely expect science to provide absolute
proof that a theory i correct, because new evidence may always
undermine our curtent understanding.

Testable questions: o find out whether a theory is corect, it
must be tested; we formulate testable statements (hypotheses)
to test theories.

Identify question
Form testable hypothesis )
Consult :
“prior Collect data If hypothesis
Kknowledge to test hypothesis is rejected
L :
Publish findings

FIGURE 2.3 Idealy, scientiic investigation follows a series
of logical, orderly steps to formulate and test hypotheses

that opened this chapter, explanations are considered only pro-
visionally true, because there is always a possibility that some
additional evidence may appear to disprove them. Scientists also
aim to be methodical and unbiased. Because bias and methodical
errors are hard to avoid, scientific tests are subject to review by
fig.2.

‘The peer review process is an essential part of ensuring that scien-
tists maintain good standards in study design, data collection, and
interpretation of result

Scientists demand reproducibility because they are cautious
about accepting conclusions. Making an observation or obtaining
aresult just once doesn’t count for much. You have to produce the
same result consistently to be sure that your first outcome wasn't
a fluke. Even more important, you must be able to desc
conditions of your study so that someone else can reproduce your
findings. Repeating studies or tests is known as replication.

Science also relies on accuracy and precision. Accuracy is cor-
rectness of measurements. Inaccurate data can produce sloppy and
misleading conclusions (fig. 24). Precision means repeatability of
results and level of detail. The classic analogy for repeatability is
throwing darts at a dart board. You might throw ten darts and miss
the center every time, but if all the darts hit nearly the same spot,
they were very precise. Another way to think of precision is levels
of detail. Suppose you want to measure how much snow fell last
night, 50 you take out your ruler, which is marked in centimeters,
and you find that the snow is just over 6 cm deep. You cannot tell
if it is 6.3 cm or 6.4 cm because the ruler doesn’t report that level
of detail. If you average several measurements, you might find an
average depth of 6.4333 cm. If you report all four decimal places,
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FIGURE 2.4 Making careful, accurate measurements
and keeping good records are essential in scientifc research.

it will imply that you know more than you really do about the
snow depth. If you had a ruler marked in millimeters (one-tenth
of a centimeter), you could find a depth of 6.4 cm. Here, the one
decimal place would be a significant number, or a level of detail
you actually knew. Reporting 64333 cm would be inappropriate
because the last three digits are not meaningful.

Deductive and inductive
reasoning are both useful

Ideally, scientists deduce conclusions from general laws that
they know to be true. For example, if we know that massive
objects attract each other (because of gravity), then it follows
that an apple will fall to the ground when it releases from the
tree. This logical reasoning from general to specific is known
as deductive reasoning. Often, however, we do not know gen-
eral laws that guide natural systems. We observe, for example,
that birds appear and disappear as a year goes by. Through
many repeated observations in different places, we can infer
that the birds move from place to place. We can develop a gen-
eral rule that birds migrate seasonally. Reasoning from many
observations to produce a general rule is inductive reasoning.
Although deductive reasoning is more logically sound than
inductive reasoning, it only works when our general laws are
correct. We often rely on inductive reasoning to understand the
world because we have few immutable laws,

Sometimes it is insight, as much as reasoning, that leads us
0 an answer. Many people fail to recognize the role that insight,
creativity, aesthetics, and luck play in research. Some of our
most important discoveries were made not because of superior
scientific method and objective detachment, but because the
investigators were passionately interested in their topics and
pursued hunches that appeared unreasonable to fellow scientists.
A good example is Barbara McClintock, the geneticist who di
covered that genes in com can move and recombine spontane-
ously. Where other com geneticists saw random patterns of
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color and kemnel size, McClintock’s years of experience in com
breeding, and an uncanny ability to recognize patterns, led her
0 guess that genes could recombine in ways that no one had yet
imagined. Her intuitive understanding led to a theory that took
other investigators years to accept

Testable hypotheses and theories
are essential tools

Science also depends on orderly testing of hypotheses, a process
known as the scientific method. You may already be using the scien-
tific method without being aware of it. Suppose you have a lashligh
that doesn’t work. The flashlight has several components (swit
bulb, bateris) tha could be fauly. If you change all the compo-
nents at once, your lashlight might work, but a more methodical
series of tests wil tell you more about what was wrong with the
system—knowledge that may be useful next time you have a faulty
flashlight. So you decide o follow the standard scientific steps:

Observe that your flashiight doesn’t light; also, there are
three main components of the lighting system (bateries.
bulb, and switch).

2. Propose a hypothesis, a testable explanation: “The flashlight
doesn’t work because the batteries are dea

3. Develop a st of the hypothesis and predict the result that
would indicate your hypothesis was correct “I will eplace
the batteries; the light should then turn on.”

4. Gather dara from your test: After you replaced the batieries,
did the light turn on?

5. Interpret your results: If the light works now, then your

hypothesis was right; if not, then you should formulate a new
hypothesis, perhaps that the bulb is faulty, and develop a new
test for that hypothesis

In systems more complex than a flashlight, it s almost always
easier to prove a hypothesis wrong than to prove it unquestionably
true. This is because we usually test our hypotheses with obser-
vations, but there is no way to make every possible observation.
“The philosopher Ludwig Wittgenstein illustrated this problem as
follows: Suppose you saw hundreds of swans, and all were white.
‘These observations might lead you to hypothesize that all swans
were white. You could test your hypothesis by viewing thousands
of swans, and each observation might support your hypothesis, but
you could never be entirely sure that it was correct, On the other
hand, i you saw just one black swan, you would know with cer-
tainty that your hypothesis was wrong

‘As you'll read in later chapters, the elusiveness of absolute
proof is a persistent problem in environmental policy and law. You
can never absolutely prove that the toxic waste dump up the street
is making you sick. The elusiveness of proof often decides envi-
ronmental liability lawsuits

When an explanation has been supported by a large number
of tests, and when a majority of experts have reached a general
consensus that it s a reliable description or explanation, we call
it a seientific theory. Note that scientists” use of this term is very
different from the way the public uses it. To many people, a theory

huapyfwwmbhe.comfeunningham| e

FIGURE 24.11 Te Supreme Court decides pivotal
cases, many of them bearing on natural resources or
environmental health

For example, a coal company could easily fund a judge’s election
‘campaign. If a community filed a suit against the coal company for
polluting streams, or for unsafe working conditions, could they be
sure 1o receive a fair judgment?

A dissenting opinion from the four justices who voted against
the Ciizens United decision stated that “corporations have no con-
sciences, no beliefs, no feelings, no thoughts, no desires ... and
their *personhood often serves as a useful legal fiction. But they
are not themselves members of ‘We the People” by whom and for
whom our Constitution was established.” The dissent states fur-
ther, “The fact that corporations are different from human beings
might seem to need no elaboration, except that the majority opin-
fon almost completely elides

In another 2010 case, Monsanto v. Geertson Seed Farms, the
Court overturned a ban on planting genetically modified. herbicide-
tolerant alfalfa. Because alfalfa is the fourth-largest crop in the
United States, and because genetically modified plants can read-
ily contaminate fields of organic alfalfa used to feed organic dairy
cattle, this decision is likely to have far-reaching impacts on farm-
ing, organic foods, and other environmental issues.

Legal Standing
Before a trial can start, the litigants must establish that they have
standing, or aright to stand before the bar and be heard. The main
criteria for standing is a valid interest in the case. Plainiiffs must
show that they are materially affected by the situation they petition
the court 1o redress. This is an important point in environmental
cases. Groups or individuals often want to sue a person or corpora-
tion for degrading the environment. But unless they can show that
they personally suffer from the degradation, courts are likely to
deny standing.

In a landmark 1969 case, Sierra Club v. Morten, the Sierra
Club challenged a decision of the Forest Service and the Depart-
ment of the Interior 1o lease public land in California to Walt
Disney Enterprises for a ski resort. The land in question was a
beautiful valley that cut into the southern boundary of Sequoia

National Park. Building a road into the valley would have neces-
sitated cutting down a grove of giant redwood trees within the
park. The Sierra Club argued that it should be granted standing
in the case to represent the trees, animals, rocks, and mountains
that couldn’t defend their own interests in court. After all, the
club pointed out corporations—such as Disney Enterprises—are
treated as persons and represented by attorneys in the courts, Why
not grant trees the same rights

“The case went allthe way t0 the Supreme Court, which ruled
that the Sierra Club failed to show that its members would be
materially affected by the development. However, the Court estab-
lished a key precedent in stating that “acsthetic and environmental
wellbeing, like economic wellbeing, are important ingredients of
the quality of life” and are “deserving of legal protection.”

Criminal Law Prosecutes Lawbreakers
Violation of many environmental statutes constitutes criminal
offenses. In 1975 the U.S. Supreme Court ruled that corporate
officers can be held criminally liable for violations of environ-
mental laws if they were grossly negligent, or the illegal actions
can be considered willful and knowing violations. In 1982 the
EPA created an Office for Criminal Investigation. Under the Cli
ton administration, prosecutions for environmental crimes rose
0 nearly 600 per year. They fell by 75 percent under George W.
Bush, however, The Obama administration has again increased
new prosecutions to about 400 per year.
Jaw regulates relations between individuals or between
individuals and corporations (which have the rights of individuals
under U.S. law). Property rights and personal dignity and freedom
are protected by civil law. Sometimes legislative statutes, such as
the Civil Rights Act, establish specific aspects of civil law. Custom
and previous court decisions, collectively called common law, can
also establish precedents that constitute a working definition of
individual rights and responsibilites

Criminal offenses can lead t0 jail, while civil cases lead only
1o fines. Civil judgments can be costly, however. A group of Alas-
kan fishermen won $3 billion from the Exxon oil company for
damages caused by the 1989 Exxon Valdes oil spill. In 2000 the
Koch oil company, one of the largest pipeline and refinery opera-
tors in the United States, agreed to pay $35 million in fines and
penalties to state and federal authorities for negligence in more
than 300 oil spills in Texas, Oklahoma, Kansas, Alabama, Loui-
siana, and Missouri between 1990 and 197. Koch also agreed to
spend more than $1 billion on cleanup and improved operations.
Sometimes the purpose of a civil suit is to prevent harmful
ons. You might ask the courts, for example, to order the gov-
emment to cease and desist from activities that are in violation
of either the spirit or the letter of the law. Public interest groups
have often asked courts to stop logging and mining operations,
o enforce implementation of laws regarding endangered species,
public health, air and water pollution laws.

Lawsuits can also be used to stop public interest groups
from challenges to industry. Because defending a lawsuit is so
expensive, the mere threat of litigation can be a chilling deter-
rent. Increasingly environmental activists are being harassed with
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Citizens often make trips to Washington—or to state capitals,
county seats, or city halls—to try to personally persuade elected
officials on upcoming votes. This direct contact is a basic part
of the democratic process, but it can sometimes work unevenly
because most people can’t abandon work or school and fly to
Washington to lobby.

Not everyone can go to Washington, but many people join
organizations that can collectively send representatives, or hire
professional lobbyists, to make sure their message is heard. Most
major organizations now have lobbyists in Washington. The
biggest single citizen lobbying goup i probably the American
Association of Retired Persons (AARP), which actively lobbies
for issues considered of interest to senior citizens. The National
Rifle Association (NRA), Union of Concered Scientists, and
many other groups participate in lobbying. Environmental
organizations such as the Natural Resources Defense Council,
Audubon, and the Sierra Club lobby on many environmental
bills. Lobbyists and volunteer activists attend hearings, draft pro-
posed legislation, and meet with officials. The range of inter-
ests involved in lobbying is astounding. Business organizations,
workers, property owners, religious and ethic groups, are all
there. Walking the halls of Congress, you see an amazing mixture
of people atiempting to be heard.

One group of professional lobbyists who have been in the
news are the K Street lobbyists. These lobbying firms hire pow-
erful lawyers, former Senators, military officers, and others, and
their offices are concentrated on Washington D.C.s K Street.
(Much of Washington’s street grid is named by letters, such as
A. B, C. and 50 on.) Former Congress members and military per-
sonnel are valuable because they have personal ties that can be a
great aid in catching the ear of voting members of Congress. In the
lobbying world, K street has gamered special attention becaus
is where the big industry groups set up shop. These groups have
especially large rewards to reap through lobbying. The Washingron
Post reported on a case in which a group of corporations invested
$1.6 million lobbying for a special low overseas tax rate, and the
effort saved them over $100 billion in tax payments. In another
case, the Carmen Group, a lobbying firm, charged $500,000 to
lobby for insurance claims following the September 11, 2001,
attacks on the World Trade Center, and as a result the government
agreed to cover $1 billion in insurance premiums for its clients.

Often lobbysts write the bills that  legislator introduces. This
ensures favorable terms for their clients. Consequently, the gains
10 be won through lobbying have grown into billions of dollars per
year. The number of lobbyists registered in Washington more than
doubled between 2000 and 2005, from 16,000 to almost 35,000
“The biggest indusiry lobbying fimms,such as The Federalist Group,
can charge $20,00 to $40.000 per month for their ser

Lobbying s, by s natur, about tpping the tables inthe favor
of an interest group. But lobbying is also something that many
people see as necessary, as part of getting voices heard in a demo-
cratic process. What do you think? Is corporate lobbying impor-
tant? Is it necessary? How would you distinguish the actions of an
oil industry’s lobbyists from those of an environmental or com-
munity group’s lobbyists?
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Judges decide case law

Often environmental policies are established when groups bring
complaints to the courts, involving damage to property or health,
failure to enforce existing laws, or infringement of rights. Judges
or juries decide these cases by determining whether written law
(statutes) or customary law (common law) has been violated.
“The body of legal opinions built up by many court cases s called
case law.

“The United States is divided into 96 federal court disricts,
each of which has at least one trial court. Disputes about proce-
dural issues and interpretations of the law in district courls are
sent on to one of 12 regional appeals courts. Cases might involve
criminal prosecutions, claims against the federal government, or
‘complaints in which parties come from multiple states. Each state
hasits own courts that generally parallel the federal system. These
courts decide cases involving state laws

Legislation is often written in vague and general terms, which
help make a bill widely enough accepted to gain passage. Con-
gress often leaves it to the courts to “fill in the gaps.” especially in
environmental laws. As one senator said when Congress was about
1o pass the Superfund legislation, “All we know is that the Ameri-
can people want these hazardous waste sites cleaned up ... Let the
courts worry about the details ™

The Supreme Court Decides Major Cases
Lawsuits with very far-reaching implications are decided by the
United States Supreme Court, a group of nine justices whose job is
0 judge whether a law is consistent with the U.S. Constitution, or
whether a policy is consistent with a law as writien by Congress.
States also have Supreme Courts for deciding cases at the state
level. The Supreme Court can only study and judge a few cases a
year, and for many people the Court and is actions are ltle known
and poorly understood. But this is a body that makes pivotal and
far-reaching decisions, many of them affecting our national envi-
ronmental policies (fig. 24.11)

Perhaps the most sweping rule change the Supreme Court
has made in recent years was the 2010 decision in Citizens United
v Federal Election Commission. For nearly a century, anticorrup-
tion laws had limited corporate and union spending on political
‘campaigns, generally on the grounds that corporations have more
money than individuals, which gives them unfair influence in elec-
tions. In a hotly debated, 54 split vote, the Court decided that
these laws limited free speech (in the form of political advertising),
which is protected under the Constitution. The five-person majority
argued that because U S. law gives corporations the same rights and
protections as individual people, corporate advertising could not be
limited. Within months of the decision, a coalition of oil, gas, and
coal corporations announced that they would substantially increase
their campaign contributions in the next congressional races.

Many commentators, including dissenting members of the
Supreme Court, argue that the Citizens United decision protects
corporations from a wide range of public oversight and legal
restrictions. Among other concerns, this decision opens the door
0 new levels of corporate influence in justice, as well as politcs.
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is speculative and unsupported by facts. To a scientist, it means
just the opposite: While all explanations are tentative and open to
revision and correction, an explanation that counts as a scientific
theory is supported by an overwhelming body of data and experi-
ence, and it is generally accepted by the scientific community, at
Teast for the present (fg. 2.5).

Understanding probability
helps reduce uncertainty

One strategy to improve confidence in the face of uncertainty is to
focus on probaility. Probability is a measure of how lkely something
is to occur. Usually, probability estimates are based on a set of previ-
ous observations or on standard statistical measures. Probabiliy does
not tell you what will happen, but it tlls you what is likely 10 happen.
If you hear on the news that you have a 20 percent chance of catching
a cold this winter, that means that 20 of every 100 people are likely
10 catch a cold. This doesn't mean that you will atch one. In fact,it’s
more likely that you won't atch a cold than that you will If you hear
that 80 out of every 100 people will catch a cold, you sill don’t know
whether you'll get sick, but there’s a much higher chance that you will
Science often involves probability, soit i important o be familiar
with the idea. Sometimes probability has to do with random chance:
1f you flip a coin, you have a random chance of getting heads or tails.
Every time you flp, you have the same 50 percent probability of get-
ting heads. The chance of getting ten heads in a row is small (in fact,
the chance is 1in 2", or 1 in 1,024), but on any individual flip, you
have exactly the same 50 percent chance, since this is a random test.
Sometimes probability is weighted by circumstances: Sup-
pose that about 10 percent of the students in this class cam an A
each semester. Your likelihood of being in that 10 percent depends.
a great deal on how much time you spend studying, how many
questions you ask in class, and other factors. Sometimes there
is a combination of chance and circumstances: The probability
that you will catch a cold this winter depends partly on whether

FIGURE 2.5 Data collection and repeatable tests support
scientific theories. Here students use telemetry to monitor
radio-tagged fish.

‘You encounter someone who is sick (largely random chance) and
whether you take steps to stay healthy (get enough rest, wash your
hands frequently, eat a healthy diet, and so on).

Scientists often increase their confidence in a study by com-
paring resuls to a random sample or a larger group. Suppose that
40 percent of the students in your class caught a cold last winter.
“This seems like a lot of colds, but is it? One way to decide is to
compare to the cold rate in a larger group. You call your state epi-
demiologist, who took a random sample of the state population
last year: She collected 200 names from the telephone book and
called each to find out if each got a cold last year. A larger sam-
000 people, would have been more likely to represent
atewide cold rate. But a sample of 200 is much better
than a sample of 50 or 100. The epidemiologist tells you that in
‘your state as a whole, only 20 percent of peaple caught a cold.

Now you know that the rate in your class (40 percent) was
quite high, and you can investigate possible causes for the dif-
ference. Perhaps people in your class got sick because they were
short on sleep, because they tended to stay up late studying.
You could test whether studying late was a contributing factor
by comparing the frequency of colds in two groups: those who
study long and late, and those who don’t. Suppose it turns out
that among the 40 late-night studiers, 30 got colds (a rate of
75 percent). Among the 60 casual studiers, only 10 got colds
(17 percent). This difference would give you a good deal of con-
fidence that staying up late contributes to getting sick. (Note,
however, that all 40 of the studying group got good grades!)

Statistics can indicate the probability
that your results were random

Statisties can help in experimental design as well as in interpret-
ing data (see Exploring Science, pp. 42-43). Many statistical tests
focus on calculating the probability that observed results could
have occurred by chance. Often, the degree of confidence we can
o results depends on sample size as well as the amount of
ariability between groups,

Ecological tests are often considered significant if there is less
than 5 percent probability that the results were achieved by ran-
dom chance. A probability of less than I percent gives stll greater
confidence in the results.

As you read this book, you will encounter many staistics,
including many measures of probability. When you see these
numbers, stop and think: Is the pmbablllty high enough to worry
about? How high is it compared to other risks or chances you've
read about? What are the conditions that make probability higher
or lower? Science involves many other aspects of statistics.

Experimental design can reduce bias

‘The study of colds and sleep deprivation is an example of an
observational experiment, one in which you observe natural events
and interpret a causal relationship between the variables. This kind
of study s also called a natural experiment, one that involves
observation of events that have already happened. Many scientists
depend on natural experiments: A geologist, for instance, might
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Statistics are numbers that let you evalu-
ate and compare things. “Statistics” is also a
field of study that has developed meaningful
methods of comparing those numbers. By both
definitions, statistics are widely used in envi-
ronmental sciences, partly because they can
give us 2 useful way to assess pattems in a
large population, and partly because the num-
bers can give us a measure of confidence in
our research or obsenvations. Understanding
the details of statistical tests can take years
of study, but a few basic ideas will give you a
good start toward interpreting satistics.

1. Descriptive statistics help you'assess the
general state of a group. Tn many towns
and cities, the air contains a dust, or par-
ticulate matter, as well s other pollut-
ants, From personal experience you might
know your air isn't as clean as youd like,
but you may not know how clean or dirty
it is. You could start by collecting daily
particulate measurements to find average
levels. An averaged value is more useful
than a single day's values, because daily
values may vary a great deal, but general,
long-term conditions affect your general
health. Collect 2 sample every day for a
year; then divide the sum by the number
of days, to get a mean (average) dust

level. Suppose you found a mean particu-
late level of 30 micrograms per cubic meter
(ug/m’) of air. Is this level high or low? In
1997 the EPA set a standard of 50 pg/m’
as a limit for allowable levels of coarse
particulates (2.5-10 micrometers in diam-
eter). Higher levels tend to be associated
with elevated rates of asthma and other
respiratory diseases. Now you know that
your town, with an annual average of
30 pg/m’, has relatively clean air, after all

. Statistical samples. Although your town is

clean by EPA standards, how does it com-
pare with the rest of the cities in the
country? Testing the air in every city is
probably not possible. You could compare
your town's air quality with a sample, or
subset of cities, however. A large, random
sample of cites should represent the gen-
eral “population” of cites reasonably well.
Taking a large sample reduces the effects
of outliers (unusualy high or low values)
that might be included. A random sample
minimizes the chance that you're getting
only the wors stes, o only a collection of
sites that are close together, which might
all have similar conditions. Suppose you
get average annual particulate levels from
a sample of 50 randomly selected cites.

What Are Statistics, and Why

Are They Important?
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FIGURE 1 Average annual airborne dust levels for

50 ctes in 2001

Source: Dtafom U, Envronmerta Prtection Ageny
You can draw a frequency distrbution, or
histogram, to display your resuls (fig. 1).
‘The mean value of this group is 36.8 ug/m’,
50 by comparison your town (at 30 pg/m’)
s elatively clean.

Many tatistica tests assume that the
sample has a nomal, or Gaussian, frequency
distribution, often described as a bell-
shaped curve (fig. 2). In this distribution,
the mean is near the center of the range of
values, and most values are faily close to
the mean. Large and random samples are
more likely to fit this shape than are small
and nonrandom samples.

want to study mountain building, or an ecologist might want to
Tear about how species coevolve, but neither scientist can spend
millions of years watching the process happen. Similarly, a toxi-
cologist cannot give people a disease just 0 see how lethal it is.

Other scientists can use manipulative experiments, such as
the B4Warmed experiment in the opening case study for this chap-
ter, in which some conditions are deliberately altered, and all other
variables are held constant (fig. 2.6). In one famous manipulative
study, ecologists Edward . Wilson and Robert MacArihur were
interested in how quickly species colonize small islands, depending
on distance to the mainland. They fumigated several tiny islands
in the Florida Keys, killing all resident insects, spiders, and other
invertebrates. They then monitored the islands to leam how quickly
ants and spiders recolonized them from the mainland or other
islands.

Most manipulative experiments are done in the laboratory,
where conditions can be carefully controlled. Suppose you were
interested in studying whether lawn chemicals contributed to
deformities in tadpoles. You might keep two groups of tadpoles
in fish tanks, and expose one to chemicals. In the lab, you could
ensure that both tanks had identical temperatures, light, food, and
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FIGURE 2.6 A researcher gathers data from the B4Warmed
field experiment in the boreal forest.
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Congress and legislatures vote on statutory laws

Elected legislative bodies, such as Congress, state legislatures, or
town councils, debate and vote on policies that become legally
enforceable laws. Federal laws (statutes) are enacted by Congress
and signed by the president, They originate as legislative propos-
als called “bills”, which are usually drafted by the congressional
staff, often in consulation with representatives of various interest
groups.

Thousands of bills are introduced every year in Congress.
Some are very narrow, providing funds to build a specific sec-
tion of road or to help a particular person, for instance. Others are
extremely broad, perhaps overhauling the social security system or
changing the entire tax code.

Bills Move Slowly Through Congress
Afier a bill i introduced, it goes to a commitiee, where it is dis-
cussed and debated. Most hearings take place in Washington, but
if the bl is controversial or legislators want to atract publicity for
themselves or the issue, they may conduct field hearings closer
1o the site of the controversy. The public often has an opportunity
10 give testimony at field hearings (fig. 24.10). Elected officials
may be swayed by public opinion, and they need public support in
policy making.

‘The language of a bill is debated, revised, and negotiated in
a committee unil it is considered widely acceptable enough to
send to the full House of Representatives or Senate. Compromises
are necessary to make the bill acceptable to different partes. The
House has one version of the bill, which is debated on the floor of
the House. The Senate has another version that it debates. Often
there are further amendments at these stages

By the time an issue has passed through both the House and
Senate, the versions approved by the two bodies are likely to be
different. They go then to conference commitiee to iron out any
differences between them. After going back to the House and

FIGURE 24.10 Citizens line up 1o testify at a legisative
hearing. By getting involved in the legislative process, you can be
informed and have an impact on governmental policy.

Senate for confirmation, the final bill goes to the president, who
may cither sign it into law or veto it. If the president vetoes the
bill it may still become law if two-thirds of the House and Senate
Vote to override the veto. If the president takes no action within
ten days of receiving a bill from Congress, the bill becomes law
without hs signature.

Each step of this convoluted process is published in print
and online in the Congressional Quarterly Weekly, which you
can access at any time through the official congressional website,
thomas.gov. It can take a litle practice to find the legislation you
want, but it's a rich repository of public records.

Legislative Riders

There are two types of legislation: authorizing bills become laws,
while appropriation bills provide the money for federal agencies
and programs. Eliminating funding for an agency in an appropri-
ations bill s often an effective way to prevent laws from being
implemented. Appropriation bills are not supposed to make policy,
but merely to fund existing plans and projects. Legislators who
can’t muster enough votes o pass pet projects through regular
channels often will try to add authorizing amendments called
iders into completely unrelated funding bills. Even if they oppose
the riders, other members of Congress have a difficult time voting
against an appropriation package for disaster relief or to fund pro-
‘grams that benefit their districts. Often this happens in conference
committee because when the conference report goes back to the
House and Senate, the vote is either to accept or reject with no
opportunity to debate or amend further.

Starting with the 104th Congress (in 1995) industry groups
began using this tactic to roll back environmental protections and
‘gain access to natural resources. For instance, riders that put a
moratorium on listing additional species under the Endangered
Species Act were attached to 1996 spending bills that exempted
“salvage” (postfire) logging on public lands from environmental
laws. Subsequently, riders have been attached to many appropria-
tion bills. The 2004 Omnibus spending bill for example, included
numerous amendments to prevent administrative appeals and
judicial reviews of environmentally destructive government poli-
cies, allow increased logging and road building in Alaska’s Ton-
‘gass National Forest, cut funding for land conservation, weakened
national organic labeling standards, and expanded forest-thinning
projects. Generally riders are tacked onto completely unrelated
bills that legislators will have difficulty voting against. A rider to
eliminate critical habitat for endangered species, for example, was.
hung on a veteran’s health care bill.

Lobbying Influences Government
Groups or individuals with an interest in pending legislation can
often have a great deal of influence through lobbying, or visiting
congressional offices, talking directly with representatives, and
using personal contacts to persuade elected representatives (o vote
in their favor. The term lobbying derives from the habit of people
waiting in hallways and lobbies of Congress to catch the elbow of
a passing legislator and plead their case.
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The Superfund Act (1980) lists hazardous sites

Most people know this law as the Superfund Act because it created
a giant fund 1o help remediate abandoned toxic sites. The proper
name of this law is informative, though: the Comprehensive Envi-
ronmental Response, Compensation, and Liability Act (CERCLA)
‘The act aims to be comprehensive, addressing abandoned sites,
emergency spills, or uncontrolled contamination, and it allows the
EPA to try to establish liabiliy. so that polluters help to pay for
cleanup. It's much cheaper to make toxic waste than to clean it up,
50 we have thousands of chemical plants, gas stations, and other
sites that have been abandoned because they were too expensive to
clean properly. The EPA is responsible for finding a contractor to
do cleanup, and the Superfund was established to cover the costs,
which can be in the billions of dollars. Unil recently,the fund was
financed mainly by contributions from industial producers of haz-
ardous wastes. In the 1990s, however, Congress voted to end that
source, and the Superfund was allowed to dwindle to negligible
levels. Site cleanup is now funded by taxpayer dollars

According to the EPA, one in four Americans lives within
3 miles of a hazardous waste site. The Superfund program has
identified more than 47,000 sites that may require cleanup. The
most serious of these (or the most serious for which proponents
have been sufficiently vigorous) have been put on a National Pri-
orites List. About 1,600 sites have been put on this list, and about
700 cleanups have been completed. The total cost of remediation
is thought to be something between $370 billion and $1.7 trillion.
To read more, see chapter 21.

24.3 How ARE POLICIES MADE?

The general process by which policies are developed is often
called the policy cycle, because rules are developed, enacted, and
revised repeatedly (fig. 24.8). The cycle starts when a problem s

Identity
problem \
Suggest changes. Setagenda
Evaluate resus Develop proposals
Implement policy Build support
\ Enact
law or rule

FIGURE 24.8 The policy cycle
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FIGURE 24.9 Making a ruckus on bealf of environmental
protection can attract attention to your cause.

identified as a priority. In the case of endangered species protec-
tions (both CITES and the ESA), for example, the public became
concerned about accelerating damage o species and ecosystems.
Citizen groups and wildlife advocates initiated public debates
on the issue. Communities, students, and environmental groups
worked to organize stakeholders, choose tactics, and aggregate
related issues into a case for species preservation that was of inter-
est 10 a broad range of groups and commaunitis.

Citizens often draw attention to their cause by organiz-
ing protests, marches, street theater, or other kinds of public
events (fig. 24.9). Getting involved in local election campaigns,
writing letters, or making telephone calls to legislators also
influences the decision process. You'd be surprised at how few
leters or calls legislators receive from voters, even on impor-
tant national issues. Your voice can have an important impact
(see chapter 25

Once an issue is defined and support has been gathered, the
next stage in the policy cycle is to propose a new law or rule.
‘The rule is debated and negotiated. Media campaigns, public
education, and personal lobbying of decision makers are needed
o build support for a new policy. Getting a proposal enacted as
a law or a rule takes persistence, negotiation, and usually years
of effort.

After a rule or law is enacted, continued public oversight and
monitoring are usually needed to ensure that government agencies
faithfully carry out policies. Measuring impacts and results are
also essential, so that amendments can be proposed, if necessary,
to make the policy fairer or more effective.

Each branch of government plays a role in establishing laws.
Statute law consists of documents or laws (“statutes”) voted on

and enacted by the legislative branch of government. Case

law is derived from law suits (legal cases) in court, Admin-
istrative law rises from exccutive orders, administrative rules and
regulations. Because every country has different legislative and
Tegal processes, this discussion focuses on the U.S. system, which
shares many general similarities with other democratic systems.
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FIGURE 2 A normal distribution.

3. Confidence. How do you know that the
50 cities you sampled really represent all
the cities in the country? You can't ever
be completely certain, but you can use
estimates, such as confidence limits, to
express the reliability of your mean sta-
tistic. Depending on the size of your sam-
ple (not 10, not 100, but 50) and the
amount of variabilty in the sample data,
you can calculate a confidence interval
that the mean represents the whole popu-
lation (all cities). Confidence levels, or
confidence intervals, represent the likeli-
hood that your statistics represent the
entire population correctl. For the mean
of your sample, a confidence interval tells
you the probability that your sample is
similar to other random samples of the
population. A common convention is to
compare values with a 95 percent confi-
dence level, or a probability of 5 percent
arless that your conclusions are mislead-
ing. Using statistical software, we can

Asthma Cases

o w3 & B

Cases per 1,000 paople.

0 20 4 6 &
Particulate levels g/m®

FIGURE 3 A dot plot shows relationships between
variables.

calculate that, for our 50 cites, the mean
is 36.8 pg/m’, and the confidence inter-
val is 35.0 to 38.6. This suggests that, if
you take 1,000 samples from the entire
population of cities, 95 percent of those
samples ought to be within 2 g/’ of
your mean. This indicates that your mean
s reliable and representative.

4.Is your group unusual? Once you have
described your group of cities, you can com-
pare it with other groups. For example, you
might believe that Canadian cities have
cleaner air than U.S.cites You can compare
mean air quality levels for the two groups.
Then you can calculate confidence intenvals
for thedifference betueen the means, o see
if the difference is meaningful.

5. Evaluating relationships between variables.
Are respiratory diseases correlated with air
pollution? For each city in your sample, you

could graph pollution and asthma rates
(fg. 3). IF the graph looks lke a loose
cloud of dots, there s no cear elationship.
A tight, linear pattem of dots trending
upward to the right indicates a strong and
positive relationship. You can also use a
statisical package to calcuate an equation
to describe the relationship and, again
confidence intenals for the equaton. This
s known as a regression equation.

ies, damned lies, and statistics. Can you
trust a number to represent a complex or
large phenomenon? One of the devilish
details of representing the world with
numbers s that those numbers can be
tabulated in many ways. If we want to
assess the reatest change in air quelity
statistics, do we report rates of change or
the total amount of change? Do we look at
change over ive years? Twenty-five years?
Do we accept numbers selected by the
EPA, by the cities themselves, by indus-
tries or by environmental groups? Do we
trust that al the data were collcted with
a level of accuracy and precision that we
would accept f we knew the hidden details
in the data-gathering process? Like all
information, statistics need to be inter-
preted in tems of who. produced them,
when, and why. Awareness of some of the
standard. assumptions_behind statistics,
such as sampling, confidence, and probe-
bility, will help you interpret statistics
that you see and hear

For more discussion of graphs and statistcs,
see the Data Analysis exercise at the end of
this chapter.

oxygen. By comparing a treatment (exposed) group and a control
(unexposed) group, you have also made this a controlled study.

Often, thereis arisk of experimenter bias. Suppose the researcher
sees a tadpole with a small nub that looks like it might become an
extra leg. Whether she calls this nub a deformity might depend on
whether she knows that the tadpole is i the treatment group or the
control group. To avoid this bias, blind experiments are often used,
in which the researcher doesn’t know which group s treated until
afer the data have been analyzed. In health studies, such as ests of
new drugs, double-blind experiments are used. in which neither the
subject (who receives a drug or a placebo) nor the researcher knows
who i in the treatment group and who is in the control group.

In each of these studies there is one dependent variable and
one, or perhaps more, independent variables. The dependent
variable, also known as a response variable, is affected by the
independent variables. In a graph, the dependent variable is on
the vertical (Y) axis, by convention. Independent variables are
rarely really independent (they are affected by the same envi
ronmental conditions as the dependent variable, for example).
Many people prefer to call them explanatory variables, because
we hope they will explain differences in the dependent variable.

Models are an important experimental strategy

Another way to gather information about environmental sy
tems is to use models. A model is a simple representation of
something. Perhaps you have built a model airplane. The model
doesn’t have all the elements of a real airplane, but it has the
most important ones for your needs. A simple wood or plastic
airplane has the proper shape, enough to allow a child to imag-
ine it is flying (fig. 2.7). A more complicated model airplanc
might have a small gas engine, just enough o let a teenager fly it
around for short distances.

Similarly, scientific models vary greatly in complexity,
depending on their purposes. Some models are physical models:
Engineers test new cars and airplanes in wind tunnels to see how
they perform, and biologists often test theories about evolution
and genetics using “model organisms” such as fruit les or rats as
asurrogate for humans.

Most models are numeric, though. A model could be a
mathematical equation, such as a simple population growth
model (N, = N). Here the essential components are number
(N) of individuals at time ¢ (N,), and the model proposes that
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FIGURE 2.7 A model uses just
the essential elements to represent
‘& complex system.
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previous time period (Ny.). This model is a very sim-
plistic representation of population change, but it is useful
because it precisely describes a relationship between popula-
tion size and growth rate. Also, by converting the symbols to
numbers, we can predict populations over time. For example,
if last year's rabbit population was 100, and the growth rate is
1.6 per year, then this year's population will be 160. Next year's
population will be 160 x 1.6, or 256. This is a simple model, then,
butit can be useful. A more complicated model might account for
deaths, immigration, emigration, and other factors.

More complicated mathematical models can be used to
describe and calculate more complex processes, such as climate
change or economic growth (fig. 2.8). These models are also
useful because they allow the rescarcher to manipulate variables
without actually destroying anything. An economist can experi
ment with different interest rates to see how they afect economic
growth. A climatologist can raise CO; levels and see how quickl
temperatures respond. These models are often called simulation
models, because they simulate a complex system. OF course, the
results depend on the assumptions built into the models. One
model might show temperature rising quickly in response to CO;
another might show temperature rising more slowly, depending on
how evaporation, cloud cover, and other variables are taken into
account. Consequently, simulations can produce powerful but con-
troversial results. If multiple models generally agree, though, as in
the cases of climate models that agree on generally upward tem-
perature trends, we can have confidence that the overall predic-
tions are reliable. These models are also very useful in laying out
and testing our ideas about how a system works.

2.2 SysTEMS DESCRIBE INTERACTIONS

‘The forest ecosystem you examined in the opening case study of
this chapter is interesting because it is composed of many inter-
dependent parts. By studying those parts, we can understand how
similar ecosystems might function, and why. Systems, including
ecosystems, are a central idea in environmental science. A system
is a network of interdependent components and processes, with
materials and energy flowing from one component of the system
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FIGURE 2.8 Numerical models, caloulated from observed
data, can project future scenarios. Here, temperature changes
in 2090-2099 are modeled, elative to 1980-1999 temperalres.
Source: IPGC Fourth Assessment Repart 2008, modelscenario AT SRES.

0 another. For example, “ecosystem” is probably a familiar term
for you. This simple word represents a complex assemblage of
animals, plants, and their environment, through which materials
and energy move.

“The idea of systems is useful because it helps us organize our
thoughts about the inconceivably complex phenomena around us.
For example, an ecosystem might consist of countless animals,
plants, and their physical surroundings. (You are a system consist-
ing of millions of cells, complex organs, and innumerable bits of
energy and matter that move through you.) Keeping track of all the
elements and their relationships in an ecosystem would probably
be an impossible task. But if we step back and think about them in
terms of plants, herbivores, camivores, and decomposers, then we

the components
of a system. A simple system consists of state variables (also
called compartments), which store resources such as energy,
matter, or water; and flows, or the pathways by which those
resources move from one state variable to another. In figure 2.9,
the plant and animals represent state variables. The plant rep-
resents many different plant types, all of which are things that
store solar energy and create carbohydrates from carbon, water,
and sunlight. The rabbit represents many kinds of herbivores, all
of which consume plants, then store energy, water, and carbohy-
drates uniil they are used, transformed, or consumed by a cami-
vore, We can describe the flows in terms of herbivory, predation,
or photosynthesis, all processes that transfer energy and mater
from one state variable to another.

It may seem cold and analytical to describe a rabbit or
flower as a state variable, but it is also helpful to do so. When we
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FIGURE 24.6 Severely polluted air was once normal in
cities. The Clean Air Act has greatly reduced the health and eco-
nomic losses associated with air polution.

Although crises of this magnitude have been rare, chronic
exposure o bad air has long been a leading cause of illness in many
areas. The Clean Air Act provided the first nationally standardized
rules in the United States to idenify, monitor, and reduce air con-
taminants. The core of the act is an identification and regulation
of seven major “criteria pollutants.” also known as “conventional
‘pollutants.” These seven include sulfur oxides, lead, carbon mon-
oxide, nitrogen oxides (NO,). particulates (dust), volatle organic
compounds, and metals and halogens (such as mercury and bro-
mine compounds). Recent revisions to the Clean Air Act require
the EPA to monitor carbon dioxide, our dominant greenhouse gas,
which endangers the public through heat stress, drought, and other
mechanisms (chapters 15, 16).

Most of these pollutants have declined dramatically since
1970 An exception is NO,, which derives from internal combus-
tion engines such as those in our cars. Further details on these pol-
Tutants are given in chapter 16,

The Clean Water Act (1972) protects
surface water

‘Water protection has been a goal with wide public support, in part
because clean water is both healthy and an aesthetic amenity. The
act aimed to make the nation’s waters “fishable and swimmable,”
that i, healthy enough to support propagation of fish and shell-
fish that could be consumed by humans, and low in contaminants
50 that they were safe for children to swim and play in them.

“The first goal of the Clean Water Act (CWA) was to identify
and control point source pollutants, end-of-the-pipe discharges
from factories, municipal sewage treatment plants, and other
sources. Discharges are not eliminated, but water at pipe outfalls
must be tested, and permits are issued that allow moderate dis-
charges of low-risk contaminants such as nutrients or salts. Met-
als, solvents, oil, high counts of fecal bacteria, and other more
serious contaminants must be captured before water s discharged
from a plant.

By the late 19805, point sources were increasingly under con-
trol, and the CWA was used to address nonpoint sources, such as
runoff from urban storm sewers. The act has also been used to pro-
mote watershed-based planning, in which communities and agen-
cies collaborate to reduce contaminants in their surface waters. As
with the CAA, the CWA provides funding to aid pollution-control
projects. Those funds have declined in recent years, however, leav-
ing many municipalities struggling to pay for aging and deteriorat-
ing sewage treatment facilites. For more details on the CWA and
water pollution control, see chapter

‘The Endangered Species Act (1973)
protects wildlife

While CITES (opening case study) aims to provide intera-
tional protections for species, the Endangered Species Act (ESA)
regulates species within the United States. The ESA provides a
structure for identifying and listing species that are vulnerable,
threatened, o endangered. Once a species s listed as endangered,
the ESA provides rules for protecting it and its habitat, ideally to
make recovery possible (fig. 24.7). Listing of a species can be a
controversial process because habitat conservation can get i the
way of land development. Many ESA controversies arise when
developers want to put new housing developments in scenic arcas
where the last remnants of a species occur. In many cases, how-
ever, disputes have been resolved by negotiation and more cre-
ative design of developments, which can sometimes allow both for
development and for species protection.

“There is considerable collaboration between CITES and the
ESA in listing and monitoring endangered species. The ESA main-
tains a worldwide lst of endangered species, as well as a U.S. list
‘The ESA also provides for grants and programs to help land own-
ers protect species. The responsibiliy for studying and attempting
10 restore threatened and endangered species lies mainly with the
Fish and Wildlife Service and the National Oceanic and Atmo-
spheric Administration. You can read more about endangered
species, biodiversity, and the ESA in chapter 11.

FIGURE 24.7 The Endangered Species Actis charged with
protecting species and their habitat. The gray wolf has recovered
in most of its range because of ESA protection.
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solutions for all stakeholders. At the same time, many corpora-
tions now recognize that unregulated pollution is unacceptable,
and cleaner, more efficient practices are widely understood to be
00d for profits as well as for the environment

Environmental, health, and public safety laws, like other
rules, impose burdens for some people and provide protections for
others. The Clean Water Act, for example, requires that industries
take responsibility for treating waste, rather than discharging it
into public waters for free. Cities have had to build and maintain
expensive sewage treatment plants, instead of discharging sewage
into lakes and rivers. These steps internalize costs that previously
had been left to the public to deal with. These national laws are
intended to protect public health and shared resources for all areas
and all citizens. In fact, enforcement varies, but the existence of
national, legally enforceable laws allows some recourse for vie-
tims when environmental laws are broken.

on the EPA's website: wyw.cpa.gov/lawsregs/laws/index himiéeny.
If you have never examined the text of a law, you should take a look
at these.

NEPA (1969) establishes public oversight

Signed into law by President Nixon in 1970, the National
Environmental Policy Act (NEPA) is the comerstone of U.S
environmental policy

NEPA does three important things: (1) it authorizes the Coun-
cil on Environmental Quality (CEQ), the oversight board for gen-
eral environmental conditions; (2) it directs federal agencies to take.
environmental consequences into account in decision making; and

(3) it requires an environmental impact statement (EIS)

be published for every major federal project likely to have
an important impact on environmental quality (fig. 24.5). NEPA
doesn't forbid environmentally destructive activities if they comply
otherwise with relevant laws, but it demands that agencies admit
publicly what they plan to do. Once embarrassing information is

FIGURE 24.5 Every major federal project in the United
States must be preceded by an Environmental Impact Statement
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revealed, however, few agencies will bulldoze ahead, ignoring pub-
lic opinion. And an EIS can provide valuable information about
government actions to public interest groups, which wouldn’t oth-
enwise have access to this information.

What kinds of projects require an EIS? The activity must
be federal and it must be major, with a significant environmen-
tal impact. Evaluations are always subjective as to whether spe-
cific activities meet these characteristics. Each case is unique and
depends on context, geography, the balance of beneficial versus
harmful effects, and whether any areas of special cultural, sci-
enific, or historical importance might be affected. A complete
EIS for a project s usually time-consuming and costly. The final
document s often hundreds of pages long and generally takes six
o nine months to prepare. Sometimes just requesting an EIS is
enough to sideline a questionable project. In other cases, the EIS
process gives adversaries time to rally pub ion and infor-
mation with which to criticize what's being proposed. If agencies
don't agree to prepare an EIS voluntarily, citizens can petition the
courts to force them to do so.

Every EIS must contain the following elements: (1) pur-
pose and need for the project, (2) alteratives to the proposed
action (including taking no action), (3) a statement of positive
and negative environmental impacts of the proposed activites.
In addition, an EIS should make clear the relationship between
short-term resources and long-term productivity, as well as any
irmeversible commitment of resources resulting from project
implementation.

Many lawmakers in recent years have tried to ignore or limit
NEPA in forest policy, energy exploration, and marine wildlife
protection. The *Healthy Forest Initiative,” for example, elimi-
nated public oversight of many logging projects by bypassing
EIS reviews and prohi en appeals of forest management
plans (chapter 12). Slmllarly, when the Bureau of Land Manage-

‘ment proposed 77,000 coal-bed methane wells in Wyoming

and Montana, promoters claimed that water pollution and
aquifer depletion associated with this technology didn't require
environmental review (chapter 19). And in the 2005 Energy Bill
Congress inserted a clause that exempts energy companies from
NEPA requirements in a number of situations, with the aim of
specding energy development on federal land.

The Clean Air Act (1970) regulates

air emissions

“The first major environmental legislation to follow NEPA was
the Clean Air Act (CAA) of 1970. Air quality has been a public
concen at least since the beginning of the industrial revolution,
when coal smoke,airborne sulfuric acid, and airborne metals such
a5 mercury became common in urban and industrial areas around
the world (fig. 24.6). Sometimes these conditions produced pub-
lic health crises: one infamous event was the 1952 Great Smog
of London, several days of cold, still weather that trapped coal
smoke in the city and illed some 4,000 people from infections
and asphyxiation. Another 8,000 died from respiratory illnesses in
the months that followed (chapter 16).
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FIGURE 2.9 A system can be described in very simple terms

start discussing natural complesxity in the simple terms of systems,
we can identify common characteristics. Understanding these
characteristics can help us diagnose disturbances or changes in the
system: for example, if rabbits become too numerous, herbivory
can become t0o rapid for plants to sustain. Overgrazing can lead
1o widespread collapse of this system. Let's examine some of the
common characteristics we can find in systems.

Systems can be described in terms
of their characteristics

Open systems are those that receive inputs from their surround-
ing and produc ouputs that e the system. Alost al
n principle, a clos

o energy or matter with its surroundings, but these are rare. Often
we think of pseudo-closed systems, those that exchange only a
litle energy but no matter with their surroundings. Throughput is
aterm we can use to deseribe the energy and matter that flow info,
through, and out of a system. Larger throughput might expand the
size of state variables. For example, you can consider your house-
hold economy in terms of throughput. If you get more income, you
have the option of enlarging your state variables (bank account,
car, television, . . ). Usually an increase in income is also associ-
ated with an increase in outflow (the money spent on that new
car and TV). In a grassland, inputs of energy (sunlight) and mat-
ter (carbon dioxide and water) are stored in biomass. If there is
Tots of water, the biomass storage might increase (in the form of
trees). If there’s litle input, biomass might decrease (grass could
become short or sparse). Eventually stored matter and energy may
be exported (by fire, grazing, land clearing). The exported matter
and energy can be thought of as throughput.

A grassland is an open system: it exchanges matter and energy
with its surmoundings (the atmosphere and soil,for example; fig
Tnth -
ings, butin fact all natural systems are at least partly open. A fish tank
is an example of  system that s less open than a grassland, because it
can exist with only sunlight and carbon dioxide inpus (fig. 2.11)

Systems also experience posiive and negative feedback
mechanisms. A positive feedback s a sell-perpetuating process.
Ina grassland, a grass plant grows new leaves, and the more leaves
it has, the more energy it can capture for producing more leaves.
In other words, in a positive feedback mechanism, increases in
a state variable (biomass) lead to further increases in that state
variable (more biomass). In contrast, a negative feedback is
a process that supresses change. If grass grows very rapidly, it
may produce more leaves than can be supported by available soil
moisture. With insufficient moisture, the plant begins to die back.

In climate systems (chapter 15) positive and negative feed-
backs are important ideas. For example, as warm summers melt
ice i the Arctic, newly exposed water surfaces absorb heat, which
Teads to further melting, which leads to further heat absorption
“This is positive feedback. In contrast, clouds can have a negative
feedback effect (although there are debates on the net effect of
clouds). A warming atmosphere can evaporate more water, pro-
ducing clouds. Clouds block some solar heat, which reduces the
evaporation. Thus clouds can slow the warming process.

Positive and negative feedback mechanisms are also impor-
tant in understanding population dynamics (chapter 6). For exam-
ple, more individuals produce more young, which produces more
individuals . .. (a positive feedback). But sometimes environmen-
tal limits reduce the number of young that survive to reproduce
(a negative feedback). Your body is a system with active negative
feedback mechanisms: For example, if you exercise, you become
o, and your skin sweats, which cools your body.

FIGURE 2.10 Environmental scientists often study open
systems. Here students at Cedar Creek study the climate-
vegetation system, gathering plant samples that grew in carbon
dioxide-enriched ai pumped from the white poles, but other
factors (soi, moisture, sunshine, temperature) are not controlled
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FIGURE 2.11 Systems consist of compartments (also known
as state variables) such as fish and plants, and flows of resources,
such as nutrients or O (a). Feedback loops (b) enhance or inibit
flows and the growth of compartments.

Systems may exhibit stability

Negative feedbacks tend to maintain stability in a system. We often
think of systems exhibiting homeostasis, or a tendency to remain
more or less stable and unchanging. Equilibrium is another term for
stability in a system. Your body temperature stays remarkably con-
stant despite dramatic changes in your environment and your actvity
Tevels. Changing by justa few degrees is extremely unusual—a fever
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just 4-6°F above normal is unusual and serious. Natural systems
such as grasslands can be firly stable, too. If the climate isn't too
dry or 100 wel, a grassland tends to remain grassland, although the
grass may be dense in some years and sparse n others. Cycles of wet
and dry years may be part of te system’s normal condition.

Disturbances, events that can destabilize or change the sys-
tem, might also be normal for the system. There can be many
Kinds of disturbance in a grassland. Severe drought can set back
the community, so that it takes some time to recover. Many grass-
lands also experience occasional fires, a disturbance that stimu-
lates grass growth (by clearing accumulated litter and recycling
nutrients) but destroys trees that might be encroaching on the
grassland. Thus disturbances are often a normal part of natural
systems. Sometimes we consider this “dynamic equilibrium.” o a
tendency for a system to change and then return to normal

Grassland plots show resilience, an ability to recover from
disturbance. In fact, studies indicate that species-rich plots may
show more resilience than species-poor plots. Sometimes severe
disturbance can lead o0 a state shift, in which conditions do not
return to “normal.” For example, a climate shift that drastically
reduced rainfall could lead to a transition from grassland to desert,
Plowing up grassland to plant crops is basically a state shift from a
complex system to a single-species system.

Emergent properties arc another interesting aspect of systerns,
Sometimes a sysiem is more than the sum of s parts. For example, a
tree is more than just a mass of stored carbon. I provides structure to
aforest, habita for other organismms, it shades and cools the ground,
and it holds soil in place with its roots. An ecosystem can also
have beautiful sights and sounds that may be irrelevant to it func-
tioning as a system, but that we appreciate nonetheless (fig. 2.12).
In a similar way, you are a system made up of component parts, but
you have many emergent properties, including your ability to think,
share ideas with people around you, sing, and dance. These are prop-
ertes that emerge because you function well a a system,

FIGURE 2.12 Emergent propertes of systems, including
beautiul sights and sounds, make them exciting to study.
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Table 24.1 Major U,
Legislation

Wilderness Act of 1964
National Environmental Policy Act of 1969

Clean Air Act of 1970
Clean Water Act of 1972

Federal Pesticides Control Act of 1972
Marine Protection Act of 1972
Coastal Zone Management Act of 1972
Endangered Species Act of 1973

Safe Drinking Water Act of 1974

Toxic Substances Control Act of 1976
Federal Land Policy and Management Act of 1976

Resource Conservation and Recovery Act of 1976
National Forest Management Act of 1976
Surface Mining Control and Reclamation Act
Alaska National Interest Lands Act of 1980

Comprehensive Environmental Response,
Compensation and Liability Act of 1980

Superfund Amendments and Reauthorization Act
of 1994

Environmental Laws

Provisions
Established the national wilderness preservation system.

Declared national environmental policy, required Environmental Impact Statements, created
Council on Environmental Quality.

Established national primary and secondary air quality standards. Required states to develop
implementation plans. Major amendments in 1977 and 1990.

Set national watu quamy goals and created pollutant discharge permits. Major amendments
in 1977 and

Required registration of all pesticides in U.S. commerce. Major modifications in 1996.
Regulated dumping of waste into oceans and coastal waters.

Provided funds for state planning and management of coastal areas.

Protected threatened and endangered species, directed FWS to prepare recovery plans.

Set standards for safety of public drinking-water supplies and to safeguard groundwater.
Major changes made in 1986 and 1996.

Authorized EPA to ban or regulate chemicals deemed a risk to health or the environment.

Charged the BLM with long-term management of public lands. Ended homesteading
and most sales of publc lands.

Regulated hazardous waste storage, treatment, transportation, and disposal. Major
amendnents in

Gave statutory permanence to naional forest. Dircted USFS to manage forets for
“multiple use.”

Limited strip mining on farmland and steep slopes. Required restoration of land to
origial contours.

Protected 40 millon ha (100 million acres) of parks, wilderness, and wildlife refuges.
Created $1.6 billion “Superfund” for emergency response, spill prevention, and site
remediation for toxic wastes. Established liability for cleanup costs.

Increased Superfund to $8.5 billon. Shares responsibilit for cleanup among potentially
responsible parties. Emphasizes remediation and public “rght to know.”

Source: N. Vig and M. Kft, Envionmentl Poly inthe 1990, 31 Congrssional uarery Press

forbidding gross interference with another person’s property or Rising p and activism about issues,

rights—the Rivers and Harbors Act of 899, for example, made it
illegal to dump so much refuse in waterways that navigation was  smog levels, led to more than 27 major federal law

such as DDT-poisoned birds (chapter 8), water pollution, and rising
for environ-

blocked. But in general there were few rules regarding actions on
private property, even when those actions impaired the health or
resources of neighl

Many of these atttudes and rules changed in the 1960s and
19705, which marked a dramatic turing point in our understand-
ing of the dangerous consequences of pollution. Rachel Carson’s
Silent Spring (1962) and Barry Commoner's Closing Circle (1971)
alerted the public to the ecological and health risks of pesticides,
hazardous wastes, and toxic industrial effluents. Public activism in
the civil rights movement and protests against the war in Vietnam
carried over 1o environmental protests and demands for environ-
mental protection.

mental protection and hundreds of administrative regulations estab-
shed in the environmental decade of the 1970s. Among the most
important were the establishment of the Environmental Protection
Agency (EPA) and the National Environmental Policy Act (NEPA),
which requires environmental impact statements for all major fed-
eral projects. Because of their power, the EPA and NEPA have both
been the targets of repeated attacks by groups that dislike regula-
tions imposed on their pollution emissions or resource uses.

In the initial phase of this environmental revolution, the main
focus was on direct regulation and lawsuits to force violators to
obey the law. In recent years, attention has shifted to pollution
prevention and collaborative methods that can provide win/win
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debate. Even in a democratic society, money is an important fac-
tor in what rules are made, or not made. Often those with the
most money can advertise to promote their point of view, draw
voters to their side, and win the most legislative scats. Wealthy
individuals and corporations can buy influence and friends in
government agencies. Large donations are now essential to
success in a political campaign, so wealthy donors can influ-
ence policy makers with generous funding, or by threatening
o withhold funds.

Debates about power and money in politics in the United
States have increased since 2010, when the U.S. Supreme Court
decided that corporations can spend unlimited amounts of money
in political advertising (see section 24.3, below). Because this
deision opens electons 10 patentally vast new infusions of
money, many observers expect this decision to shape politics for
decades to come. What do you think? Does it matrer if an oil com-
pany can spend millions on political advertising? Would it mat-
ter if the company were a foreign-owned corporation working to
shape U.S. laws?

Public awareness and action shape policy

Although power and money are important forces, they can't
account for our many policies that serve the public interest. Public
participation by scientists and citizens is also an essential force in
policy formation. Take the example of CITES, an almost univer-
sally adopted set of rules protecting species, mosily for noneco-
nomic purposes. Concerned scientists and commaunities, as well as
policy makers with a strong conscience who objected 1o excessive
poaching, led to the establishment of this convention. Within the
United States, civic action has led to many of our strongest envi-
ronmental and social protections, such as the Clean Water Act, the
Clean Air Act, and the Voting Rights Act, which defend the inter-
ests of all citizens. Many people consider public citizenship the
most important force in a democratic government.

Policy changes often start with protests over environmental

contamination, pollution, or resource waste. Media attention helps
publicize these protests and the problems they are challenging.
One of the most lauded U.S. environmental rules, the Clean Water
Act, followed shocking and widely broadcast images of burning of
the Cuyahoga River (chapter 18) and the 1969 Santa Barbara of
spill. This oil spill resulted from an oil well blowout near the Cali-
fornia coast. An estimated 100,000 barrels (16,000 ) of black,
gooey crude oil was spilled, and much of it washed up onto beau-
tiful Southern California beaches. Dead birds, dolphins, and sea
lions caught public attention, and cleanup crews rallied to try to
protect the beaches (fig. 24.4). For weeks, images were broadcast
nationwide on TV news. Daily updates were broadeast nation-
wide, using live satellite feeds, for which the technology had just
become available.

‘These images helped to build national concern for environ-
mental protections. Images of young volunteers, smudged with
oil, trying vainly to sweep gooey oil off a beautiful beach, were
ideal for TV. Like the Cuyahoga fires, the Santa Barbara oil spill
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FIGURE 24.4 Beach cleanup efforts after the Santa Barbara
oi spillin 1969 made excellent media material and had an impor-
tant role in U.S. environmental poliy.

played an important role in mobilizing public opinion and was a
major factor in passage of the 1972 U.S. Clean Water

Opportunities for public awareness and pdr\lclp.\llm\ have
increased in recent years. There is a growing diversity of print
media outlets and online news. YouTube, blogs, and emaillists let
anyone post images and news. In addition, there are many groups
committed to encouraging public involvement in environmental
policy. One of these is the Environmental Working Group, which
monitors policy and budget issues in Congress. Another is the
League of Conservation Voters, which publishes a scorecard for
all members of Congress, recording how they voted on environ-
mental laws. You can see how your own representatives are doing

by looking at their website: vy lev.org/scorecard/.

24.2 MAjoR ENVIRONMENTAL LAws

We depend on many diffrent laws o protect resources such as
clean water, clean air, safe food, and biodiversity (table 24.1).
Here we'll eview a few of these laws, and in th sections that fol-
Tow we’ll examine how laws are created. We will focus mainly on
U.S. laws in this section. Many other countries have followed the
carly lead of the United States in environmental policy formation.
In recent years other countries and the international community
have increasingly led the way, as global concern for environmentl
policy has expanded.

Most of the laws we take for granted now are relatively recent
For most of its history, U.S. policy has had a laissez-faire or hands-
off attitude toward business and private property. Pollution and
environmental degradation were regarded as the unfortunate but
necessary costs of doing business. There were some early laws
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2.3 SCIENTIFIC CONSENSUS
AND CONFLICT

‘The scientific method outlined in figure 2.3 is the process used
1o carry out individual studies. Larger-scale accumulation of
enific knowledge involves cooperation and contributions from
countless people. Good science is rarely carried out by a single
individual working in isolation. Instead. a community of scientists
collaborates in a cumulative, self-correcting process. You often
hear about big breakthroughs and dramatic discoveries that change
our understanding overnight, but in reality these changes are usu-
ally the culmination of the labor of many people, each working on
different aspects of a common problem, each adding small insights
10 solve the problem. Ideas and information are exchanged,
debated, tested, and retested to arrive at scientific consensus, or
‘general agreement among informed scholars.

‘The idea of consensus is important. For those not deeply
involved in a subject, the multitude of contradictory results can be
bewildering: Are shark populations disappearing. and does it mat-
ter? Is climate changing, and how much? Among those who have
performed and read many studies, there tends to emerge a general
agreement about the state of a problem. Scientific consensus now
holds that many shark populations are in danger, though opinions
vary on how severe the problem is. Consensus s that global cli-
mates are changing, though models differ somewhat on how rap-
idly they will change under different policy scenarios.

Sometimes new ideas emergethat ause major s n scen-

fi many earth
feature in terms of Noaly's flood. The best sientiss held tha the
flood created beaches well above modern sea level, scattered boul-
ders ermatically across the landscape, and gouged enormous valleys
where there i little water now (fig. 2.13). Then the Swiss glaciolo-
gist Louis Agassiz and others suggested that the earth had once been
much colder and that glaciers had covered large areas. Periodic ice
ages better explained changing sea levels, boulders transported far
from their source rock, and the grea, gouged valleys. This new idea
completly aliered the way geologists explained thei subjec. Sim-
ilarly, the idea of tectonic plate movement, in which continents shift
slowly around the earth’s surface, revolutionized the ways geolo-
gists, biogeographers, ecologists, and others explained the develop-
ment of the carth and is lfe-forms.

‘These preat changes in explanatory frameworks were termed
paradigm shifts by Thomas Kuhn, who studied revolutions in sci-
enific thought. According to Kuhn, paradigm shifts occur when
a majority of scientists accept that the old explanation no longer
explains new observations very well. The shift is often contentious
and poliical, because whole careers and worldviews, based on one
sortof research and explanation, can be undermined by a new model.
Sometimes a revolution happens rather quickly. Quantum mechanics
and Einstein’s theory of relatvity, for example, overtumed classical
physics in only about 30 years. Sometimes a whole generation of
scholars has 10 retre before new paradigms can be accept

As you study this book, try to identify some of the paradigms
that guide our investigations, explanations, and actions today. This

FIGURE 2.13 Paradigm shifts change the ways we explain
our world. Geologists now attribute Yosemite's valleys to
glaciers, where once they believed events like Noah's fiood

carved fs walss.

is one of the skills involved in critical thinking, discussed in the
introductory chapter of this book.

Detecting pseudoscience relies
on independent, critical thinking

Ideally, science should serve the needs of society. Deciding what
those needs are, however, is often a matter of politics and eco-
nomics. Should water be taken from a river for imigation or left in
the river for wildlife habitat? Should we force coal-burning power
plants to reduce air pollution in order to lower health costs and
respiratory illnesses, or are society and our economy better served
by having cheap but dirty energy? These thomy questions are
decided by a combination of scientific evidence, economic prio
ties, political positions, and ethical viewpoints

n the other hand, in every political debate, lawyers and lob-
byists can find scientists who will back either side. Politicians hold
up favorable studies, proclaiming them “sound science;” while
they dismiss others as “junk science.” Opposing sides dispute the
scientific authority of the study they dislike. What s “sound” sci-
ence, anyway? If science is often embr does this
mean that science is always a political process?

1 you judge only from reports in newspapers or on television
about this issue, you'd probably conclude that scienific opinion
is about equally divided on whether global warming is a threat or
not. In fact, the vast majority of scientists working on this issue
agree with the proposition that the earth’s climate is being affected
by human activities. Only a handful of maverick scientists dis-
agree. In a study of 928 papers published in refereed scientific
journals between 1993 and 2003, not one disagreed with the broad
scientific consensus on global warming.

Why, then, is there so much confusion among the public
about this issue? Why do politicians continue to assert that the
dangers of climate change are uncertain at best, or “the greatest
hoax ever perpetrated on the American people,” as James Inofe,
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former chair of the Senate Committee on Environment and Public
Works, claims. A part of the confusion lies in the fact that media
often present the debate as if it’s evenly balanced. The fact that an
overwhelming majority of working scientists are mostly in agree-
ment on this issue doesn’t make good drama, so the media giv
qua time to minority viewpointsjust o make an ineresting fight.
source of from
corporate funding for articles and reports denying climate change.
“The ExxonMobil corporation, for example, has donated at least
$20 million over the past decade to more than 100 think tanks, media
outlets, and consumer, religious, and civil rights groups that pro-
ot keptiism aboutglol vaming. Some o tese orniaions
sound like |
public relations operations. Others are run by individuals who ind
it rewarding 10 offer contrarian views. This tactic of spreading doubt
and disbele trough innocuous-sounding orgaizatios or scen-
ingly auth perts isn'tlimited t0 th
was pioneered by the tobacco industry to mislead the publ\c about
the dangers of smoking. Interestingly, some of the same individu-
als, groups, and lobbying firms employed by tobacco companies are
now working to spread confusion about climate change.

Given this highly sophisticated battle of “experts,” how do
you interpret these disputes, and how do you decide whom to
trust? The most important strategy is to apply critical thinking as
you watch or read the news. Wi
making the report? What is the source of their expertise? What
economic or political interests o they serve? Do they appeal to
your reason or to your emotions? Do they use inflammatory words
(such as “junk"), or do they claim that scientific uncertainty makes
their opponents’ study meaningless? If they use statistics, what is
the context for their numbers?

1 helps to seck further information as you answer some of
these questions. When you watch or read the news, you can look for
places where reporting looks incomplete, you can consider sources
and ask yourself what unspoken interests might lie behind the story.

Another strategy for deciphering the rhetoric is to remem-
ber that there are established standards of scientific work, and to
investigate whether an “expert” follows these standards: Is the

Table Questions for Baloney Detection

How reliable are the sources of this claim? Is there reason to
believe that they might have an agenda to purse in this case?
Have the claims been verified by other sources? What data are
presented in support of this opinion?

What position does the majority o the scientific communty hold
in this issue?

How does this claim fit with what we know about how the

world works? I this a reasonable assertion or does it contradict
established theories?

5. Are the arguments balanced and logical? Have proponents of a
particular position considered alternate points of view or only
selected supportive evidence for thei particula beliefs?

What do you know about the sources of funding for a particular
position? Are they financed by groups with partisan goals?
Where was evidence for competing theories published? Has

it undergone impartal peer review or s it only in proprietary
publication?

report peer-reviewed? Do a majority of scholars agree? Are the
methods used to produce statistics well documented?

Harvard's Edward O. Wilson writes, “We will always have
contrarians whose sallies are characterized by willful ignorance,
selective quotations, disregard for communications with genuine
experts, and destructive campaigns 10 attract the attention of the
media rather than scientists. They are the parasite load on schol-
ars who earn success through the slow process of peer review and
approval” How can we identify misinformation and question-
able claims? The astronomer Carl Sagan proposed a “Baloney
Detection Kit” containing the questions in table 2.2.

Most scientists have an interest in providing knowledge that
is useful, and our ideas of what is useful and important depend
partly on our worldviews and priorities. Science is not necessarily
political, but it is often used for political aims. The main task of
educated citizens is to discern where it is being misused or disre-
garded for purposes that undermine public interests.

CONCLUSION

Science is a process for producing knowledge methodically and
logically. Scienists try to understand the world by making observa-
tions and trying to discen patterns and rules that explain those obser-
vations. Scientists try to remain cautious and skeptical of conclusions,
because we understand that any set of observations i only a sample
of all possible observations. In order to make sure we follow a care-
ful and methodical approach, we often use the scienific method,
which is the step-by-step process of forming a testable question,
doing tests, and interpreting results. Scienists use both deductive
reasoning (deducing an explanation from general principles) and
inductive reasoning (deriving a general rule from observations).
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Hypotheses and theories are basic tools of science. A hypoth-
esis is a testable question. A theory is a well-tested explanation
that explains observations and that is accepted by the scientific
community. Probability is also a key idea: chance is involved in
many events, and circumstances can influence probabilities—
such as your chances of getting a cold or of getting an A in this
class. We often use probability o measure uncertainty when we
test our hypotheses.

Models and systems are also central ideas. A system is a net-
work of interdependent components and processes. For example,
an ecosystem consists of plants, animals, and other components,
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produce. Concern about environmental quality varied by country:
just over 40 percent of Russians polled were willing to change
their lifestyle to prevent global warming, compared to nearly
90 percent of Canadians. The Chinese were the most enthusiastic
about energy taxes to prevent climate change. Eighty-five percent
of the Chinese polled agreed that such taxes are necessary.

Basic principles guide environmental policy

Protection of fundamental rights s usually one aim of policy mak-
ing. For many groups these rights include a right t0 a safe, sus-
ainable environment (fig. 24.3). The 1987 World Commission on
Environment and Development, for example, stated, “All human
beings have the fundamental right to an environment adequate for
their health and well-being.” Of the 195 independent nations in the
world, 109 now have constitutional provisions for protection of
the environment and natural resources. Often such policies are not
Tegally enforceable, but they provide a statement of intentions that
can guide subsequent laws

In theory, democratic societies try to establish policies that are
fair to everyone, at least in principle, and that defend everyone’s
basic needs. Ideally the majority interests are served. but inter-
ests of the minority are also defended. Fairness in policy making
requires that rules are transparent and decided by public debate
and input from many groups in society.

Cost-henefit analysis is often involved in policy making.
“The aim s to assign standard values, such as dollar value, to con-
peting concerns, then compare the costs and benefits of a plan.
“This way we can decide if benefits outweigh costs of a policy.
In principle this is a utilitarian approach to ensuring an objective,
methodical decision process. In practice there are many difficul-
ties in implementing rational cost-benefit analysis:

+ Many conflicting values and needs cannot be compared: they
are fundamentally different o we lack complete information.

FIGURE 24.3 How do we ensure a safe and healthy
environment for everyone? Policies of individuals, communities,
and governing institutions are all responsible.

+ We often lack agreed-upon broad societal goals; benefits to
different groups and individuals often conflict.

+ Policy makers may be motivated less by societal goals than
by their own interests in power, status, money, or reelection.

+ Past investments in existing programs and policies create
“path dependence” (a tendency to follow familiar ways) and
hidden costs that prevent policy makers from considering
g0od altematives foreclosed by previous decisions.

+ Policy makers often lack the information or models to cal
culate costs and benefits accurately. Some values, such as
health, freedom, or scenery, are very hard to price in dollars.

Another consideration is the precautionary principle: when an
activity threatens to harm health or the environment, we should
fully understand risks before initiating that activity. According
to this principle, for example, we shouldn't mass-market new
chemicals, new cars, or new children’s toys until we're sure
they are safe. These are four widely accepted tenets of this
principle:

+ People have a duty to take steps to prevent harm. If you
suspect something bad might happen, you have an obligation
o try 10 stop it.

+ The burden of proof of carelessness of a new technology,
process, activity, or chemical lies with the proponents, not
with the general public,

+ Before using a new technology, process, or chemical, or
starting a new activity, people have an obligation to examine
a full range of alternatives, including the alternative of not
using it

+ Decisions using the precautionary principle must be open
and democratic and must include the affected parties

“The European Union has adopted this precautionary principle as the
basis of its environmental policy. I the United States, opponents
of this approach claim that it threatens productivity and innova-
tion. However, many American firms that do business in Europe—
including virtually all of the largest corporations—are having to
change their manufacturing processes (o adapt to more careful
E.U. standards. For example, lead, mercury, and other hazardous
materials must be eliminated from electronics, toys, cosmetics,
clothing, and a variety of other consumer products. A proposal
being debated by the E.U. would require testing of thousands
of chemicals, cost industry billions of dollars, and lead to many
more products and compounds being banned as they are shown
0 be unsafe to the public. What would you do about this? Is this
proposal just common sense, or is it an invitation to decision
paralysis?

Corporate money influences policy

Politics is often seen as a struggle for power among competing
interest groups, which strive to shape public policy 1o suit their
own agendas. Usually money is a key to political power, so the

sue of money in politics s a matter of perennial and contentious
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Case Study continuea

‘The African elephant was put on the Appendix II list in
1976. That listing proved insufficient to restrict poaching: ivory
is 100 valuable, and importing couniries bore no legal responsi-
bility to help restrict trade. The population plummeted by half
between 1979 and 1989, from about 1.2 million to 600,000
Finally in 1989 the African elephant was upgraded to Appendix I.
International trade in ivory is allowed only in exceptional circum-
tances. The hope is that if ivory cannot be sold,it will no longer
be profitable to kil elephants for their tusks. Perhaps most impor-
tant, it has raised international awareness of the precarious state
of Africa’s elephant populations. Protected populations in many
areas have stabilized. In some national parks in southern Africa,
populations have rebounded to the extent that parks must peri-
odically cull some animals, which cannot migrate outside park
boundaries and which threaten to exceed local carrying capacity.
As withany poiy that treatens lerativ trade, CITES's
protection for elephants has b 1. Deb bex

Tong and bitter. Special exemptions to the Appendix I listing have
been granted to four African countries (Botswana, Namibia, South
‘Africa, and Zimbabwe) that inist their populations are stable and
that they should be permitted to sell some of the ivory stockpiled
during culling operations. Nonetheless CITES is an important and
largely effective agreement. CITES also set global precedents:
among the first broadly accepted environmental policies, the con-
vention predates the U.S. Endangered Species Act by a decade,
and many other countries have adopted intemnal laws following the
principles set by CITES,

In this chapter we will examine how environmental policies
are formed. We will examine the structures involved in shaping,
refining, and enforcing laws, at national, local, and international
scales.

For related resources, including Google Earth™ placemarks
that show locations where these issues can be seen, visit Environ-

ence-Cunningham blogspot.

24.1 Basic CONCEPTS IN PoLicy

The basic idea of policy is a statement of intentions and rules
that outline acceptable behaviors or accomplish some end. In the
case of CITES, these rules were formally stated and voted on, but
policy can also be less formally defined. You might have an infor-
mal policy always to do your homework; a church might have
an open-door policy for visitors; most countries have policies to
ensure the welfare of ciizens. Laws, such as the U.S. Clean Water
Act (chapter 18), are formal statements of national policy. Like
the rules that define how you play a board game, policies define
agreed-upon limits of behavior. Because it sets the rules we live by,
policy making is a contentious and extremely important process.

We will take environmental policy to mean official rules and
regulations concerning the environment, as well as public opin-
n that helps shape environmental policy. Ideally, environmental
policy serves the needs of human health, economic stability, and
ecosystem health. Often these interests have been seen as contri-
dictory, leading to bitter disputes in policy making. Increasingly,
however, the public and policy makers acknowledge that these
interests overlap. Protecting species, for example, supports the
economy and is often a source of pride for communities. Conrol-
ling pollution protects human health, saves money in health care,
and preserves essential resources.

The drafting of CITES in 1963 was part of a wave of en
ronmental protections that started in many countries in the 19605
and 19705. Increasing evidence of the damage caused by uncon-
strained resource use and_ pollution, following the industrial
expansions of World War I1, helped foster widespread interest in
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pollution control, species protection, health and human safety, and
other safeguards. Since then global interest in environmental qual-

ity has d high and h hened in recent years, as
more people become aware of our dependence on a healthy envi-
ronment. In a 2007 BBC poll of 22,000 residents of 21 countris,
70 percent said they were personally ready to make sacrifices to
protect the environment (fig. 24.2). Overall, 83 percent agreed
that individuals would definitely or probably have to make lfe-
style changes to reduce the amount of climate-changing gases they

% Yos (combination of “Gefnitay” and “probaby” nocessary)
100 % No (combinaton of‘defntel not” and “probaby not” necessa]

Russia Inda US. Brazi Ngeia UK China Canada

FIGURE 24.2 About 70 percent of the 22,000 people in
21 countries polled by the BBC in 2007 agreed with the
statement, *I am ready to make significant changes to the way
Ilive to help prevent global warming or ciimate change.”
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and energy and nutrients transfer among those componens. Sys-
tems have general characteristics we can describe, including
throughput, feedbacks, homeostasis, resilience, and emergent
properties. Ofen we use models (simplified representations of sys-
tems) to describe or manipulate a system. Models vary in complex-
cording to their purposes, from a paper airplane to a global
irculation model,

Science aims to foster debate and inquiry, but scientific con-
sensus emerges as most experts come 10 agree on well-supported
theoretical explanations. Sometimes new explanations revolution-
ize science, but scientific consensus helps us identify which ideas
and theories are well supported by evidence, and which are not
supporied.

REVIEWING LEARNING OUTCOMES
By now you should be able to explain the following points:
2.1 Describe the scientific method and explain how it works.
« Science depends on skepticism and accuracy.
Deductive and inductive reasoning are both useful.

« Testable hypotheses and theories are essential tools.
* Understanding probabilit helps reduce uncertainty.

« Statitics can indicate the probability that your results were random.
+ Experimental design can reduce bias.

* Models are an important experimental strategy.

2.2 Explain systems and how they're useful in science.
« Systems are composed of processes.
« Disturbances and emergent properties are important characteris-
tics of many systems.
2.2 Evaluate the role of scientific consensus and conflict
« Detecting pseudoscience relies on independent, criical thinking,
« What's the relation between environmental science and
environmentalism?

PRACTICE QUIZ

. What is science? What are some of its basic principles?

Why are widly sccsped,wellefended sieific explan
tions called “theories™?

Explain the following terms: probability, dependent variable,
independent variable, and model.

What are inductive and deductive reasoning? Describe an
example in which you have used eac

-

Draw a diagram showing the steps of the scientific method,
and explain why each is important.

What s scientific consensus and why

it important?

. What is a positive feedback loop? What is a negative fecd-
back loop? Give an example of each,

. Explain what a model is. Give an example.

Why do we say that proof is elusive in science?

s

What is a manipulative experiment? A natural experimen
A controlled study?

CRITICALTHINKING AND DISCUSSION QUESTIONS

Explain why scientific issues are or are not influenced by
politics. Can scientific questions ever be entirely free of
political interest? If you say no, does that mean that all sci-
ence is merely politics? Why or why not?

Review the questions for “baloney detection” in table 2.2,
and apply them to an ad on TV. How many of the eritiques
in this list are easily detected in the commercial?

How important is scientific thinking for you, personally?
How important do you think it should be? How important is
it for society to have thoughtful scientists? How would your
life be different without the scientific method?

4. Many people consider science too remote from everyday life
and from nonscientists. Do you feel this way? Are there
aspects of scientific methods (such as reasoning from obser-
vations) that you use?

Many scientific studies rely on models for experiments that
cannot be done on real systems, such as climate, human
health, or economic systems. If assumptions are bult into
models, then are model-based studies inherently weak? What
would increase your confidence in a model-based study?
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ﬁ nalysi S: Evaluating Uncertainty
.

Uncertainty is a key idea in science. We can rarely have abso-
lute proof in experimental results, because our conclusions rest
on observations, but we only have a small sample of all possible
observations. Because uncertainty is always present, it's useful
o deseribe how much uncertainty you have, relative to what you
know. It might seem ironic, but in science, knowing about uncer-
tainty increases our confidence in our conclusions.

The graph at right is from a landmark field study by
D. Tilman, et al. It shows change in biomass within, experimental
plots containing varying numbers of native prairie plants after a
severe drought. Because more than 200 replicate (repeated test)
plots were used. this study was able to give an estimate of uncer-
tainty. This uncertainty is shown with error bars. In this graph,
dots show means for groups of test plots; the error bars show the
range in which that mean could have fallen, if there had been a
slightly different set of test plots.

et's examine the error bars in this graph. To begin, as always,

make sure you understand what the axes show. This graph is a
relatively complex one, so be patient.

Questions:

. What variable is shown on the X-axis? What are the lowest
and highest values on the axis?

Each dot shows the average species count for a set of test
plots with a given number of species. About how many
species are in the plots represented by the leftmost dot? By
the rightmost dot?

What i the axis label on the Y-axis? What does a value of

0.75 mean? A value of 1.0?

(Note: the Y-axis doesn’t change at 4 constant rate. It

changes logarithmically. This means values at the low end

are more visible.)

. Each blue dot represents a group of plots with 5 o fewer
speces; yellow dots represent plots with more than 5 species.
Look at the leftmost dot, plots with only 1 species. Was
biomass less or more afier the drought?

“The error bars show standard error, which you can think of
as the range in which the average (the dot) might fall,if you

-
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Biomass ratio
(post-drought / pre-drought)

5 0 15
mber of species
before drought (1989)

had a slightly different set of plots. (Standard error s just the
standard deviation divided by the square root of the number of
observations.) For I-species plots, there’s a small chance that
the average could have fallen at the low end of the error bar,
or almost as low as about 0.5, or half the pre-drought biomass,

. How many of the blue error bars overlap the dotted line
(no change in biomass)? How many of the yellow error
bars overlap the dotted line? Are there any yellow bars
entirely above the 0 line'

Where the error bars fall entirely below 1, we can be quite
sure that, even if we had had a different set of plots, the after-
drought biomass would still have declined. Where the error bars
include a value of 1, the averages are not significantly different
from 1 (or no change)

‘The conclusions of this study rest on the fact that the blue
bars showed nearly-certain declines in biomass, while the yellow
(higher-diversity) bars showed either no change or increases in bio-
mass. Thus the whole paper boiled down to the question of which
error bars crossed the dotted line! But the implications of the study
are profound: they demonstrate a clear relationship between bio-
diversity and recovery from drought, at least for this study. One
of the exciting things about scientific methods, and of statistics, is
that they let us use simple, unambiguous tests to answer important
questions,

For Addtional Help in Studying This Chapter,pecse st oo websie ot

Googe andan exter
reacing ist, allof which il hep you eam environmental scence.
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Can Policy Protect

Case Study eiephants?

Elephants are among the most char-
ismatic and fascinating of African
animals. Powerful national symbols
i many parts of Africa, they also draw
millions of tourists and support essential
tourism economies. Ecologists prize the
clephant as  keystone species, a critcal partof its

ystem.
habitat saved for elephants also supports countlss other species.

Elephants are also valued for their
ivory. Ivory is a luxury commodity
that has been traded globally for cen-
turies, but the trade has transformed
dramaucally wuh ‘modern guns, grow-

rade networks, andincreasing e
glohzl ealth, The 1960s-1980x
unprecedented slaughter of Aftcn’s
elephants, mainly for ivory but increas-
ingly for bushmeat, skin, feet, and
other parts, as well. In the face of this
lucrative global trade, individual coun-
tries have been powerless to protect
elephant populations. Already by the
19605, this symbolic species was dwin-
dling and disappearing in many parts of
the continent.

Affican elephants are just one of
many species falling to increasingly effi-
cient poaching in the late twentieth cen-
tury. Indian elephants, South American
parrots, and Asian turtles have dimin-
ished sharply. Legal but uncontrolled
slaughter threatened most of the world’s

‘whale species, as well as sea turtles and  1Guge 24,1 Afican elephants (Elphas marims and
Lovodonta afiican) are among the many species CITES is ~ negotiation.

many species of fish. By the 19505,
people around the world were question-
ing whether new policies were needed to
prevent extinctions. It was clear that inernational trade was the pri-
mary incentive for most wildlife collectors and poachers. So inter-
national trade became the focus of efforts to save these species.
‘The world's first widely adopted biodiversity policy, the Con-
vention on International Trade in Endangered Species (CITES),
was drafted at a 1963 meeting of the Intenational Union for
Conservation of Nature (IUCN). Because this was a convention
(agreement) among countries, representatives of each participat-
ing state had to debate the policies and decide whether to ratify
(agree to and sign) the convention. The convention was finally
adopted, with 80 countries sigmng on, ata 1973 IUCN meeting, a
full decade after its initial
What exactly does crres e
ence and policy to protect biodiversity. It establishes the principle

designed to protect.

that exports and imports of endangered species and their parts
should be restricted, that scientific evidence should be used in
deciding if a species is endangered, that participating states
should establish scientific agencies with the power to monitor
threats to species, and that an export permit can be granted only
if the scientific agency certifies that the export will not further
endanger the species. Export of an individual animal for z00s, for
example, is often permitted because just one or two individuals
can bring a large sum to an impoverished country. Participating
countries also agree to penalize anyone.
found breaking the rules, and to con-
fiscate illegally traded species or body
parts (fig. 24.1)

CITES also establishes a list of
species that require monitoring. There
are three levels of protection. Species
of urgent concern can be traded only in
exceptional circumstances and require a
‘permit from both importing and export-
ing countries (the Appendix 1 species
list). Others require export permits but
can be traded relatively freely (Appen-
dix IT). A few require permits in only a
few countries (Appendix I1T). These lists
make it possible to monitor allthese spe-
cies and to follow standard procedures
for protecting them,

Establishing and enforcing a new
policy is a contentious process. Con-
flicting economic interests pit ivory
marketers against wildlife conserva-
tionists and the general public, who
tend to be enthusiastic about protecting
wildlife. Details require years of bitter

Establishing  independent
monitoring and policing agencies sup-
ports national pride, but it's also ex
sive. Enforcing new rules is difficult where established tradition
is an unfettered free-for-all.

Despite these inevitable challenges, CITES has been
extremely popular. It protects the charismatic and symbolically
‘powerful species that people cherish worldwide, such as India’s
tigers and China’s pandas, as well as Africa’s elephants. Most
of these species are worth far more as tourist atiractions than
as body parts, so local support for protection is often strong.
There are now 175 signatory nations, all but 20 of the world’s
independent states. Enforcement varies tremendously, and
countries dispute whether or not a species should be added to
the endangered list, but CITES now provides some protection
to about 30,000 species. Some 900 of these are on the high-
concern Appendix I list.
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Chesapeake Bay's ecosystem supports fisheries,

recreation, and communites. But the estuary is an Matter, Energy and Life

ecosystem out of balance.

These stockpiled tusks are stored because
intemational agreements make most sales ilegal.

Environmental Policy,

3 Learning Outcomes “When one tugs at a single thing in
Law, and Planning g gle thing

Afier studying this chapter; you should be able to satisie, T s i @latiii) (1) (o (e

3.1 Describe matter, atoms, and molecules and give simple

. » examples of the role of four major kinds of organic of the world.”
Learning Outcomes The power to command frequently compounds in iving cll. __—
: ; 32 Define energy and explain how thermodynamics = John Muir
After studying this chapter, you should be able to: causes fai iz i) btk el ei{wem Pl ok
24.1 List several basic concepts in policy. 3.3 Understand how living organisms capture energy
242 Describe some major environmental laws, ~ Barbara Tuchman and create organic compounds.
243 dentify ways that executive, judicial, and legislative 3.4 Define species, populations, communitis, and

bodies shape policy. ecosystems, and summarize the ecological significance
244 Explain the purposes of international treaties of trophic levels.

and conventions 3.5 Compare the ways that water, carbon, nitrogen, sulfur,
245 Outline dispute resolution and planning. and phosphorus cycle within ecosystems.
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Chesapeake Bay: How Do
Case study We Improve on a C-?

Ech year Chesapeake Bay,the largest estuary in the United States,
‘gets a report card, just as you doat the end of a semester Like your
report card, this one summarizes several key performance measures.
Unlike your grades,the bay's grades are based on measures such as
water clrity, xygen levels, health of sea grass beds, and the condi-
tion of microscopic plankton community. These factors reflect over-
all stability of fish and shellfsh populations, critial to the region’s
ecosystems and economy. Since record keeping began,the bay’s per-

poor, with ing between 35 and 57 out
of 100, and lowC—. i for the bad
‘grades? Excessive levels of nittogen and phosphorus, two common
Jie hat

Chesapeake Bay’s watershed is a vast and complex system,
with over 17,600 km (11,000 mi) oftidal shoreline in 6 states, and
apopulation of 20 million people. Approximately 100,000 streams

and rivers drain into the bay. All these streams carry runoff

from forests, farmlands, cities. and suburbs from as far away
as New York (fig. 3.1a).

“The system has consistently bad grades, but it's clearly worth
saving. Even in its impaired stae, the bay provides 240 million kg
(500 million 1b) of seafood every year. It supports fishing and rec-
reational economies worth $33 billon a year. But his is just a frac-
tion of what it should be. The bay once provided abundant harvests
of oysters, blue crabs, rockfish, white perch, shad. sturgeon, floun-
der, eel, menhaden, alewives, and soft-shell clams. Overharvest-
ing, discase, and declining ecosystem productivty have decimated
fisheries. Blue crabs are just above population survival levels. The
oyster harvest, which was 15 to 20 million bushels per year in the
18905, has declined to less than | percent of that amount. Accord-
ing to the Environmental Protection Agency (EPA), the bay should
support more than twice the fish and shellish populations that are:
there today. Human health is also at risk. After heavy rainfall, peo-
ple are advised to stay out of the water for 48 hours, 0 avoid con-
tamination from sewer overflows and urban and agricultural runoff.

Among the many challenges for Chesapeake Bay, the princi-
pal proble is simply excessive levels of nitrogen and phosphorus.
“These two elements are essenial for lfe, but the system is overloaded
by excess loads from farm fields, livestock manure, urban streets,
suburban lawn fertlizer, the legal discharges of over 3,000 sewage
treatment plants, and from half a million aging household septic
systems. Air pollution from cars, power plants, and factories also
introduce nitrogen to the bay (fg. 3.15). Seciment is also a key issue:
it washes in from fields and sireets, smothers eclgrass beds, and
blocks sunlight tht frther reduces photosynthesis in the bay.

Just as 100 many donuts are bad for you, an excessive diet of
nutrient s bad foran esuary. Excess nutrientsfetilize superabun-
dant hich further
tosynthesis and oxygen levels i the bay. Lifeless, oxygen-depleted
areas resulf, leading to fish die-offs, as well as poor reproduction
in oysters, crabs and fish. These algal blooms in nutrient-enriched
waters are increasingly common in bays and estuaries worldwide.
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Progress has been discour-
agingly slow for decades, but in
2010 the EPA finally addressed
the problem seriously, comply-
ing with its charge from Congress
(under the Clean Water Act) to protect
the bay. Where piecemeal, mostly-voluntary

efforts by individual states had long failed to improve the
Chesapeake’s report cards, the EPA brought all neighboring
states to the negotiating table. Total maximum daily loads
(TMDLS) for nutrients and sediments were established, and
states were given freedom to decide how to meet their share
of nitrogen reductions. But the EPA has legal authority from
the Clean Water Act to enforce reductions. The aim is to cut
nitrogen levels by 25 percent, phosphorus by 24 percent, and
sediment by 20 pecent. The

nitrogen target of 85 mil-
lion kg (186 mil-
lion Ib) per
year s still
45 times

(@

Streat
runoff, 10%

Septic
systems, 4%

FIGURE 3.1 Americ's largest and ichest etuar, Chesapeake Bay (shown

in blue) sufers from pollutants from six states (2, and many sources (b).
Data sources: USG, E9A 2010,
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CRITICALTHINKING AND DISCUSSION QUESTIONS

1. When the ecologist warns that we are using up irreplaceable
natural resources and the economist rejoins that ingenuity
and enterprise will find substitutes for most resources, what
underlying premises and definitions shape their arguments?

. How can intangible resources be infinite and exhaustible at
the same time? Isn’t this a contradiction in terms? Can you
find other similar paradoxes in this chapter?

N

. What would be the effect on the developing countries of the
world if we were to change to a steady-state economic sys-
tem? How could we achieve a just distribution of resource
benefits while stll protecting environmental quality and
future resource use?

‘The human development index (HDI) is a measure created by the
United Nations Development Programme to track social progress.
HDI incorporates life expectancy, adult literacy, children’s educa-
tion, and standard of living indicators to measure human devel-
opment. The 2006 report draws on statistics from 175 countries.
‘While there has been encouraging progress in most world regions,
the index shows that widening inequality s taking a toll on global
human development
‘The graph shows trends in the HDI by world region. Study

this graph carefully, and answer the following questions: (Nore:
youmay have to search online to find some answers.)

Which region has the highest HDI rating?
. What does OECD stand for?

Which region has made the greatest progress over the past
30 years, and how much has its HDI increased?
‘Which region has shown the least progress in human
development?
. What historic events could explain the reduction in Europe

and the CIS between 1990 and 19957
. How much lower is the HDI ranking of sub-Saharan Africa

from the OECD?

v e woe

N

4. Resource use policies bring up questions of intergenerational
justice. Suppose you were asked: “What has posterity ever
done for me?” How would you answer?

5. 1f you were doing a cost-benefit study, how would you
assign a value to the opportunity for good health or the
existence of rare and endangered species in faraway
places? I there a danger or cost in simply saying some
things are immeasurable and priceless and therefore off
limits to discussion?

o

If natural capitalism or cco-efficiency has been so good for
some entrepreneurs, why haven'tall businesses moved in this
direction?

nalysi Se Evaluating Human Development

OECD

Europe and he OIS

1 America and tne G2

Lt

Human Development Index

'Sub-Saharan Africa

L L L L
1975 1980 1985 1990 1995 2000 2004
Year

Trends in human development, 1975-2004.
Soure: United Nations Deveoprent Progranme, 2006

For Additc ing This Chapter, et

eading s, aof whch vl help you leern envronmental scence.
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REVIEWING LEARNING OUTCOMES

By now you should be able to explain the following poin

23.1 Explain classi
« Can development be sustainable?

and neoclassical perspectives on economy.

* Resources can be renewable or nonrenewable.
+ Classical economics examines supply and demand.
+ Neaclassical economics emphasizes growth.

23.2 Describe ideas of ecological economics.
+ Ecological econonics assigns cost 1o ecosystems
« Ecosystem services include provisioning, regulating. and aes-

theic values.

233 Describe relationships among population, technology, and

scarcity.

+ Communal property resources are a classic problem in eco-
logical economics.

« Scarcity can lead to innovation.

A,

+ Economic models compare growth scenarios

« Camying capacity is not necessarily f

234 Evaluate measures of growth.
« GNP is our dominant growth measure.
« Allemate measures account for well-being.
+ Cost-benefit analysis aims to optimize resource use.

23.5 Summarize how market mechanisms can reduce pollution.
« Using market forces.
« Is emissions trading the answer?
+ Sulfur trading offers a good model
« Carbon trading is already at work
23.6 Explain the importance of trade, development, and jobs.
« Intemnational trade brings benefis but also intensifies inequitis.
« Aid often doesn’t help the people who need it
« Mictolending helps the poorest of the poor.
23.7 Evaluate green business.
« New business models follow concepts of ecology.
« Efficiency starts with design of products and processes.
+ Green consumerism gives the public a voice.
« Environmental protection ereates jobs,

PRACTICE QUIZ

1. Define economics and distinguish the emphasis of classical,
neoclassical, and ecological economics.

2. Define resources and give some examples of renewable, non-
tenewable, and intangible resources.

Describe the relationship between supply and demand.

What do we mean by “extemalizing costs™? Give several
examples.

I services on which our

Identify some
economy depends.

Describe how cost-benefit ratios are determined and how
they are used in natural resource management.

portant ecolog
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Explain how scarcity and technological progress can extend
resource availability and extend the carrying capacity of the
environment

Describe how GNP is calculated and explain why this may
fail 10 adequately measure human welfare and environmental
quality. Discuss some alternative measures of progress.
What is microlending, and what are its benefits?

3 e

List some of the characteristics of an eco-efficient economic
system.
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Case Study con

ued

greater than would be released by an undisturbed watershed,
but it’s a huge improvement.

States from Virginia to New York have chosen their own strate-
gies to meet limits. Maryland plans to capture and sell nitrogen and
phosphorus from chicken manure, New York promises beter urban
‘wastewater treatment. soil conser-

depend on the bay, and the pathways of nitrogen and phosphorus
through an ecosystem.

Environmental scientists have led the way to the EPA's solution
with years of ecosystem research and data collection. Through their
efforts, and with EPA leadership, Chesapeake Bay could become

‘vation efforts to retain nutrients on (armlami ‘These plans will be
implemented gradually, but together, by addressing upstream land
uses, they seem likely to turn around this magnificent estuary.
Chesapeake Bay has long been a symbol of the intractable
difficulty of managing large, complex. systems. Progress has
required better understanding of several issues: the integrated
functioning of the uplands and the waterways, the interdepen-
dence of the diverse human communities and economies that

3.1 ELEMENTS OF LIFE

‘The accumulation and transfer of energy and nutrients allows.
ing systems to exist. These processes tie together the parts of an
ecosystem—or an organism; you could think of the accumulation
and circulation of energy and nutrients as the basis of fife. Under-
standing how nutrients and energy function in a system, and where
they come from, and where they go, are essential to understanding
ecology, the scientific study of relationships between organisms
and their environment.

In this chapter we'll introduce a number of concepts that are
essential to understanding how living things function in their envi-
ronment, We review what matter and energy are, then explore the
ways organisms acquire and use energy and chemical elements.
“Then we'll investigate feeding relationships among organisms—
the ways that energy and nutrients are passed from one living thing
0 another—forming the basis of ecosystems. In other words, we'll

from atoms to element; wocellsto
ms (0 ecosystems.

org

Atoms, elements, and compounds

Everything that takes up space and has mass is matter. Matter
exists in four distinct states, or phases—solid, liquid, gas, and
plasma—which vary in energy intensity and the arrangement of
particles that make up the substance. Water, for example, can exist
as ice (solid), as liquid water, or as water vapor (gas). The fourth
phase, plasma, occurs when matter is heated so intensely that
electrons are released, and particles become ionized (electrically
charged). We can observe plasma in the sun, lightning, and very
ot flames.

Under ordinary circumstances, matter s neither created nor
destroyed; rather,its recycled over and over again. The molecules

the largest, ‘most broadly beneficial, ecosystem res-
toration ever attempted in the United States. In this chapter we'll
examine how these and me ihrough and

why they are important. Undmlandmg s s i il help
you explain functioning of many different systems, including Ches-
apeake Bay, your local ecosystem, even your own body.

For related resources, including Google Earth™ placemarks
that show locations where these issues can be explored via satelite
images, visit ham.blogspot

that make up your body probably contain atoms that once made
up the body of a dinosaur. Most certainly you contain atoms that
were part of many smaller prehistoric organisms. This is because
chemical elements are used and reused by living organisms. Mat-
ter is transformed and combined in different ways, but it doesn’t
disappear; everything goes somewhere. This idea is known as the
principle of conservation of matter.

How does this principle apply to environmental science? It
explains how components of environmental systems are intricatel
connected. From Chesapeake Bay to your local ecosystem to your
own household, all matter comes from somewhere, and all waste
‘goes somewhere. Pause to consider what you have eaten, used, or
‘bought today. Then think of where those materials will go when
you are done with them. You are intricately tied to both the sources
and the destinations of everything you use. This is a useful idea for
us as residents of a finite world. Ultimately when we throw away
our disposable goods, they don'’t really go “away.” they just go
somewhere else, to stay there for a while and then move on.

Matter consists of elements, which are substances that can-

not be broken down into simpler forms by ordinary chemical reac-
tions. Each of the 122 known elements (92 natural, plus 30 created
under special conditions) has distinct chemical characteristics.
Just four elements—oxygen, carbon, hydrogen, and nitrogen—are
responsible for more than 96 percent of the mass of most living
organisms. See if you can find these four elements in the periodic
table of the elements at the end of this book.
Atoms e the smalls particls tat exibi me character-
ics of an clement. Atoms are comy charged
protons, negatively charged electrons, and clccmtally neutral
neutrons. Protons and neutrons, which have approximately the
same mass, are clustered in the nucleus in the center of the atom
(fig. 3.2). Electrons, which are tiny in comparison to the other par-
ticles, orbit the nucleus at the speed of light
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FIGURE 3.2 As dificult as it
may be to imagine when you look at
a solid object, all matter is composed
of tiny, moving particles, separated
by space and held fogetner by
energy. It s hard to capture these

@ 6protons dynamic relationships in a drawing
This model represents carbon-12,
with a nucleus of s protons and

8 neutrons. six neutrons; the six electrons are
represented as a fuzzy cloud of
potential locations rather than as

6 electrons.

individual particies.

ha ic number of protons per atom,
called its atomic number. Each element also has a characteristic
atomic mass, which is the sum of protons and neutrons (each hav-
ing a mass of about 1). However, the number of neutrons can vary
slightly. Forms of an element that diffe in atomic mass are called
isotopes. For example, hydrogen (H) is the lightest element, and
normally it has just one proton and one electron (and no neutrons)
and an atomic mass of 1. A small percentage of hydrogen atoms
also have a neutron in the nucleus, which gives those atoms an
atomic mass of 2 (one proton + one neutron). We call this isotope
deuterium (*H). An even smaller percentage of natural hydrogen
called tritium (*H) has one proton plus two neutrons. Oxygen
atoms can also have one or two extra neutrons, making them the
isotopes "0 or %0, instead of the normal '°0.

This difference is interesting to an environmental scier
Water (H,0) containing heavy ™0 generally evaporates most eas-
ily in hot climates, s0 we can detect ancient climate conditions by
examining the abundance of "*O in air bubbles trapped in ancient
ice cores (chapler 15). Some isotopes are unstable—that is, they
spontaneously emit electromagnetic energy or subatomic particles,
o both. Radioactive waste and nuclear energy involve unstable iso-
topes of elements such as uranium and plutonium (chapters 19, 21)

Chemical bonds hold molecules together

Atoms often join to form compounds, or substances composed of
different kinds of atoms (fig. 3.3). A pair or group of atoms that
can exist as a single unit is known as a moleeule. Some elements
‘commonly occur as molecules, such as molecular oxygen (Oy) or
molecular nitrogen (Ny), and some compounds can exist as mol-
ecules, such as glucose (CgH,0¢). In contrast to these molecules,
sodium chloride (NaCl, table salt) is a compound that cannot exist
as a single pair of atoms. Instead it oceurs in a solid mass of Na
and Cl atoms or as two ions, Na* and CI, dissolved in solution.
Most molecules consist of only a few atoms. Others, such as pro-
teins and nucleic acids, discussed below, can include millions or
even
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FIGURE 3.3 These common molecules, with atoms held
together by covalent bonds, are important components of the
atmosphere or important polutants.

When ions with opposite charges form a compound, the elec-
trical attraction holding them together is an ionic bond. Sometimes
atoms form bonds by sharing electrons. For example, two hydro-
‘gen atoms can bond by sharing a pair of electrons—they orbit the
two hydrogen nuclei equally and hold the atoms together. Such
electron-sharing bonds are known as covalent bonds. Carbon (C)
can form covalent bonds simultancously with four other atoms, so
carbon can create complex structures such as sugars and proteins.
Atoms in covalent bonds do not always share electrons evenly. An
important example in environmental science is the covalent bonds
in water (H0). The oxygen atom attracts the shared electrons
more strongly than do the two hydrogen atoms. Consequently,
the hydrogen portion of the molecule has a slight positive charge,
whil the oxygen has a slight negative charge. These charges cre-
ate a mild atraction between water molecules, so that water tends
o be somewhat cohesive. This fact helps explain some of the
remarkable properties of water (Exploring Science, p. 55).

When an atom gives up one or more electrons, we say it is
oxidized (because it is very often oxygen, an abundant and highly
reactive element, that takes the electron). When an atom gains
electrons, we say it is reduced. Oxidation and reduction reactions
are necessary for lfe: Oxidation of sugar and starch molecules, for
example, is an important part of how you gain energy from food.

Forming bonds usually releases energy. Breaking bonds gen-
erally requires energy. Think of this in burning wood: carbon-rich
organic compounds such as cellulose are broken, which requires
energy; at the same time, oxygen from the air forms bonds with
carbon from the wood, making CO,. In a fire, more energy is pro-
duced than is consumed, and the net effect s that it feels hot to us
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FIGURE 23.27 Although opponents of environmental regu-
fation often claim that protecting the environment costs jobs,
studies by economist E. . Goodstein show that only 0.1 percent
of all large-scale layoffs in the United States were the result of
environmental laws.

Source: £ 5. Goadsten, Eccnoric Pocy kstute, Washingon, DG

Increasingly, people argue that the United States needs a new
Apollo Projct ke the one tht sent men o the moon, but hs time
focusing break
our dependence on fossil fuels, create green jobs, and reinvigorate
(hc economy. The global recession of 2008-2009 strengthened
ea. In 2009 President Barack Obama signed an economic-
recovery bl with at least $62 billion in direct spending on green
initiatives and $20 billion in green tax incentives. Among the pro
sions in this bill are $19 billion for renewable energy and upgrading
the electrical transmission grid; $20 billion for energy conserva-
tion, including weatherizing building and providing efficient appli
17 billion for mass transit and advanced automobiles; and
$500 milion or green jobs programs. More than a million “green
collar” jobs could result from these investments. Check out the
Apollo Alliance for current news about a new green economy.
Economists report the renewable energy sector already
employs more than 2 million workers worldwide. If we were o get
half our energy from sustainable sources, it would probably sus-
tain nearly 10 million jobs. Even more people could be employed
in energy conservation, ecosystem restoration, and climate reme-
diation programs. Morgan Stanley, a global financial services firm,
estimtes that global sales from clean energy alone could grow to
as much as (U.S.) $1 tillion per year by 2030. Already, authors are
rushing books to publication giving advice on how to make a for-
tune investing in green corporations and renewable energy tech-
nologies. For students contemplating career choices, clean energy
and conservation could be good areas to explore.

s;

CONCLUSION

At the 1972 Stockholm Conference on the Human Environment,
Indira Gandhi, then prime minister of India, stated that “Poverty
is the greatest polluter of them all”* She meant that the world’s
poorest people are too often both the victims and the agents of
environmental degradation. They are forced to meet short-term
survival needs at the cost of long-term sustainability. But “charity
s not an answer to poverty.” according to Dr. Muhammad Yunus
of the Grameen Bank, “It only helps poverty to continue. It cre-
ates dependency and takes away individual's initiative ... Poverty
isn't created by the poor, it's created by the institutions and pol-
icies that surround them ... All we need to do is to make appro-
priate changes in the institutions and policies, and/or create new
ones?” The microcredit revolution he started may be the key for
breaking the cycle of poverty and changing the lives of the poor.

Economics has given us many tools to understand develop-
ment, trade, and strategies to improve human well-being.

Ecological economics is increasingly finding ways to include
natural services, including regulation, provisioning, and aesthetic
and cultural accounting, in that accounting. Because the poorest
populations often depend directly on environmental services, this
new approach could provide real assistance 1o needy people in
developing regions. Emissions trading, green business, fir trade,
and other strategies are also being used to aid poor countries.

ese strategies also promise to aid wealthier countries by
improving efficiency, lowering externalized costs to society, and
encouraging the spread of renewable energy and nonpolluting
technologies worldwide. Although economists remain divided
about the necessity of constant growth, steady-state economies,
and the degree to which resources are fixed or flexible, it is
increasingly accepted that greater internalization of environmen-
tal and social costs are important in any effort toward sustainable
development.
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Warm interior tones and natural wood surfaces (all wood used
in the building was harvested by certified sustainable methods)
give a friendly feeling. Paints, adhesives, and floor coverings are
Tow toxicity and the building is one-third more energy efficient
than strict California laws require. A pleasant place to work, the
offices help recruit top employees and improve both effective-
ness and retention. As for the bottom line, Gap, Inc. estimates
that the increased energy and operational efficiency will have a
four- o eight-year payback.

Green consumerism gives the public a voice

Consumer choice can play an important role in persuading busi-
nesses to produce eco-friendly goods and services (What Can You
Do? at right). Increasing interest in environmental and social sus-
tainability has caused an explosive growth of green products. You
can find ecotravel agencies, telephone companies that donate prof-
its to environmental groups, entrepreneurs selling organic foods,
shade-grown coffee, efficient houses, paint thinner made from
orange peels, sandals made from recycled auto tires, earthworms
for composting, sustainable clothing, shoes, rugs, balm, shampoo,
and insect repellent. Although these eco-entrepreneurs represent
a tiny sliver of the $7-tillion-per-year U.S. economy, they often
serve as pioneers in developing new technologies and offering
innovative services.

In some industries eco-entrepreneurs have found profitable
niches within a larger market. In other cases, once a consumer
demand has built up, major companies add green products or ser-
vices to their inventory. Natural foods, for instance, have grown
from the domain of a few funky, local co-ops to a $7 billion market
segment. Most supermarket chains now carry some organic food
choices. Similarly, natural-care health and beauty products are now
more than 10 percent of a $33 billion industry. By supporting these
products, you can ensure that they will continue to be available
and, perhaps, even help expand their penetration into the market

Walmart, the large-volume discount price chain, has estab-
Tished a name as the world’s largest sller of organic products and
compact fluorescent lightbulbs, among other green products. The
incentive for Walmart has been that green products and green pro-
duction processes are often less wasteful, and thus cheaper (when
produced in volume), than other products and processes. Does this
mean that Walmart has internalized all its costs and produced sus-
tainable relationships with suppliers? Some critics say no, and that
Walmart has diluted the idea of sustainable and organic produc-
tion. But supporters point out that the chain has also helped to
legitimate these ideas for the public. Evidently Walmart shoppers
also are enthusiastic about contributing to environmental solutions
while they shop, because they eagerly buy the organic and energy-
efficient products offered.

Environmental protection creates jobs

For years business leaders and politicians have portrayed environ-
mental protection and jobs as mutually exclusive. Pollution con-
trol, protection of natural areas and endangered species, and limits
on use of nonrenewable resources, they claim, will strangle the
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What Can You Do? -

Personally Responslble Economy

“There are many things that each of us can do to lower our ecological
impacts and support green businesses through responsible consumer-
ism and ccological economics.

« Practice living simply. Ask yourself if you really need more
material goods (o make your life happy and fulfilled.

« Minimize consumption of resources, to save personal and global
costs of electricity, gas, metals, plastics, and other resources
Recycle or reuse products, and avoid excessive packaging.

« Look at the amount of your garbage on trash day. Is that the
amount of throughput you would like to produce?

« Support environmentally friendly businesses. Consider spending
a litle more for high-quality, fairly produced goods, at least
some of the time. Ask companies what they are doing about
environmental protection and human rights.

« Buy green products. Look for efficient, high quality materials
that will st and that are produced in the most environmentally

riendly manner possible. Subscribe to clean-energy programs if

they are available in your area.

Think about the total life-cycle costs of the things you buy

including environmental impacts, service charges, energy use,

and disposal costs as well as nitial purchase price.

« Invest in socially and environmentally responsible mutual funds
or green businesses when you have money for investment.

« Try making a Kiva or similar micro-loan. You may find that it's
fun and educational, and it can feel good to help others

« Vote thoughifully. Think carefully about the long-term vs. the
short-term social and environmental impacts of economic poli-
cies, and work with others in your community to push elected
representatives 10 act in ways that safeguard resources for the
generations o corme.

conomy and throw people out of work. Ecological economists
dispute this claim, however. Their studies show that only 0.1 per-
cent of all large-scale layoffs in the United States in recent years
were due to government regulations (fig. 23.27). Environmental
protection, they argue, is not only necessary for a healthy eco-
nomic system, it actually creates jobs and stimulates business.
Recyeling, for instance, makes more new jobs than extracting
virgin raw materials. This doesn’t necessarily mean that recycled
200ds are more expensive than those from virgin resources. We're
simply substituting labor in the recycling center for energy and
huge machines used to extract new materials in remote places.
Japan, already a leader in efficiency and environmental tech-
nology, has recognized the multibillion dollar economic potential
of green business. The Japanese government is investing (U.S.)
$4 billion per year on research and development that targets
seven areas, ranging from utlitarian projects such as biodegrad-
able plastics and heat-pump reffigerants to exotic schemes such
as carbon-dioxide-fixing algae and hydrogen-producing microbes.
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A “Water Planet”

1f travelers from another solar system were to
visit our lovely, cool, blue planet, they might
call it Aqua rather than Tera because of its
outstanding feature: the abundance of streams,
rivers, lakes, and oceans of liquid water. Our
planet is the only place we know where water
exists as a liguid in any appreciable quantity.
Water covers nearly three-fourths of the earth's
surface and moves around constantly via the
hydrologic cycle (discussed in chapter 15) that
distributes nutrents, replenishes_ freshwater
supplies, and shapes the land. Water makes up
60 to 70 percent of the weight of most living
organisms. Tt fills cels, giving form and sup-
port to tissues. Among water's unique, almost
magical qualities, are the following:

1. Water molecules are polar, that is, they
have a slight positive charge on one side
and a slight negative charge on the other
side. Therefore, water readily dissolves
polar or onic substances, including sugars
and nutrients, and carries materials to and
from cells.

Water is the only inorganic liquid that
exists under normal conditions at temper-
atures suitable for life. Most substances
exist as either 2 solid or a gas, with only 2
very narrow liquid temperature range.
Organisms synthesize organic compounds
such s oils and alconols that remain lig-
uid at ambient temperatures and are
therefore extremely valuzble to life, but
the original and predominant liquid in
nature is water.

Generally, some energy input (activtion energy) s needed to
tart these reactions. In your fireplace, a match might provide the
I your . sk from te bty pro-

needed activation energy

3. Water molecules are cohesive, tending
to stick together tenaciously. You have
experienced this property if you have ever
done a belly flop of a diving board. Water
has the highest surface tension of any
common, natural liquid. Water also adheres
to sufaces. As a esult, water is subject to
capilary action: it can be drawn into small
channels. Without capillry action, move-
ment of water and nutients into ground-
water resenvoirs andthrough Living
organisms might not be possible.

Water s unique in that it expands when it
crystalizes. Most substances shrink as
they change from liquid to solid. Ice floats
because it is less dense than liquid water.
When temperatures fll below freezing, the
surface layers of lakes, ivers, and oceans
cool faster and freeze before deeper water.
Floating ice then insulates underlying lay-
ers, keeping most water bodies liquid (and
aquatic organisms alive) throughout the
winter in most places. Without this fea-
bl ) G e
solid in winter,

5. Water has a hv'gh heat of vaporization,
using 2 great deal of heat to convert from
liquid to vpor. Consequentl, eveporating
water is an effective way for organisms to
shed excess heat. Many animals pant or
sweat to moisten evaporative cooling sur-
faces. Why do you fel less comortable on
a hot, humid day than on a hot, dry day?
Because the water vapor-laden air inhibits

vides rgy 10 initiate the oxid:

Surface tension i demonstrated by the resistance of
a vater surface o penetation, as vhen it s walked
upan by a water strder.

the rate of evaporation from your skin,
thereby impairing your abilty to shed heat.

. Water also has a high specific heat; that
s, a great deal of heat is absorbed before
it changes temperature. The slow response
of water to temperature change helps
moderate global temperatures, keeping
the environment warm in winter and cool
in summer, This effect is especially notice-
able near the ocean, but it is important
globally.

Al these properties make water a unique
and vitally important component of the eco-
logical cycles that move materials and energy
and make lfe on earth possible.

Substances that readily give up hydrogen ions in water are
known as acids. Hydrochloric acid, for example, dissociates in
water to form H* and CI” ions. In later chapters, you may read
gasoline,  about acid rain (which has an abundance of H' ions), acid mine

Tons react and bond to form compounds

Atoms frequently gain or lose electrons, acquiring a negative or
positive electrical charge. Charged atoms (or combinations of
atoms) are called fons. Negatively charged ions (with one or more
extra electrons) are anions. Positively charged ions are cations.
A hydrogen (H) atom, for example, can give up its sole electron to
become a hydrogen ion (H"). Chlorine (CI) readily gains electrons,
forming chlorine ions (CI).

drainage, and many other environmental problems involving acids.
In general, acids cause environmental damage because the H ions
react readily with living tissues (such as your skin or tissues of ish
larvae) and with nonliving substances (such as the limestone on
buildings, which erodes under acid rain).

Substances that readily bond with H* ions are called bases
or alkaline substances. Sodium hydroxide (NaOH), for example,
releases hydroxide ions (OH") that bond with H* ions in waer
Bases can be highly reactive, so they also cause significant envi-
ronmental problems. Acids and bases can also be essential to living
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distled water
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Pure water
Sea water
Baking soda

Milk of magnesia, Great Salt Lake

Bleaches, oven dleaner ;

Liquid drain cleaner '}

FIGURE 3.4 The pH scale. The numbers represent the nega-
tive logarithm of the hycrogen on concentration in water. Alkaiine
(basic) solutions have a pH greater than 7. Acids (oH less than 7)

have high concentrations of reactive H™ ions.

things: The acids in your stomach dissolve food, for example, and
acids i soil help make nutrients available to growing plants.

We describe the strength of an acid and base by its pH, the
negative logarithm of its concentration of H ions (fig. 3.4). Acids
have a pH below 7: bases have a pH greater than 7. A solution of
exactly pH 7 is “neutral.” Because the pH scale is logarithmic,
PH 6 represents fen times more hydrogen fons in solution than pH 7.

A solution can be neutralized by adding buffers—substances
that accept or release hydrogen ions. I the environment, for exam-
ple. alkaline rock can’ buffer acidic precipitation, decreasing its
acidity. Lakes with acidic bedrock, such as granite, are especially
Vulnerable to acid rain because they have litle buffering capacity.

Organic compounds have a carbon backbone

Organisms use some elements in abundance, others in trace
amounts, and others not a all. Certain vital substances are concen-
trated within cells, while others are actively excluded. Carbon s a
particularly important element because chains and rings of carbon
atoms form the skeletons of organic compounds, the material of
which biomolecules, and therefore living organisms, are made.
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The four major categories of organic compounds in liv-
ing things (*bio-organic compounds”) are lipids, carbohydrates,
proteins, and nucleic acids. Lipids (including fats and oils) store
energy for cells, and they provide the core of cell membranes and
other structures. Lipids do not readily dissolve in water, and their
basic structure is a chain of carbon atoms with attached hydrogen
atoms. This structure makes them part of the family of hydrocar-
bons (fig. 3.5a). Carbohydrates (including sugars, starches, and
cellulose) also store energy and provide structure to cells. Like
lipids, carbohydrates have a basic structure of carbon atoms, but
hydroxyl (OH) groups replace half the hydrogen atoms in their
basic structure, and they usually consist of long chains of sugars.
Glucose (fig. 3.5b) is an example of a very simple sugar.

(b) Sugar

(c) Amino acid

Phosphate group Ribose
i
(sugar)

(d) Nucleotide

FIGURE 3.5 The four major groups of biologically important
organic molecules are based on repeating subunits of these
carbon-based siructures. Basic structures are shown for

(a) butyric acid (a buiding block of ipids) and a hydrocarbon,

(b) & simple carbohydrate, (c) a protein, and (d) a nucleic acid.
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measure of success, ethically sensitive corporations include envi-
ronmental effects and social justice programs as indications of
genuine progress.

Corporations commmitted to eco-efficiency and clean produc-
tion include such big names as Monsanto, 3M, DuPont, Duracell,
and Johnson and Johnson. Following the famous three Rs—
reduce, reuse, recycle—these firms have saved money and gotten
welcome publicity. Savings can be substantial. Slashing energy
use and redesigning production to use less raw material and to
produce less waste is reported to have saved DuPont $3 billion
over the past decade, while also reducing greenhouse emissions
72 percent

Think About It

Most designs for environmental effiency involve relatively simple
retfinking of production or materas. Many of us might be abe to
save money, time, or other resources in our own fves ust by
thinking ahead. Think about your own daily ife: Coud you use new
strategies to reduce consumption or waste i recreational activies,
cooking, o shopping? In transportation? In housing choices?

Efficiency starts with product design

Our current manufacturing system often s incredibly wasteful. On
average, for every truckload of products delivered in the United
States, 32 truckloads of waste are produced along the way. The
automobile is a typical example. Industrial ecologist, Amory
Lovins, caleulates that for every 100 gallons (380 1) of gasoline
burned in your car engine, only one percent (1 gal or 3.8 1) actually
moves passengers. All the rest is used to move the vehicle iself.
“The wastes produced—carbon dioxide, nitrogen oxides, unburned
hydrocarbons, rubber dust, heat—are spread through the environ-
ment where they pollute air, water, and soil

Architect William MeDonough urges us to rethink design
approaches (table 23.6). In the first place, he says, we should
question whether the product is really needed. Could we provide
the same service in a more eco-efficient manner? According to
MeDonough, products should be divided into three categories:

1. Consumables are products like food, natural fabrics, or paper
that can harmlessly go back to the soil as compost

. Service products are durables such as cars, TVs, and refrig-
erators. These products should be leased to the customer o
provide their intended service, but would always belong to
the manufacturer. Eventually they would be retumed to the
maker, who would be responsible for recycling or remanu-
facturing the product. Knowing that they will have to dis-
mantle the product at the end of s life will encourage
‘manufacturers to design for easy disassembly and repair.

Unmarkerables are compounds like radioactive isotopes, per-
sistent toxins, and bioaccumulative chemicals. Ideally, no
one would make or use these products. But because eliminat-
ing their use will take time, McDonough suggests that in the
mean time these materials should belong (o the manufacturer

Table 23.6McDonough Design Principles

Inspired by the way iving systems actually work, Bill McDonough
offes three simple principls for redesigning processes and products:
1. Waste equals food. This principle encourages elimination of the
concept of waste in industril design. Every process should be
designed so that the products themselves, as well as leftover
chemicals, material, and effluents, can become “food” or other
processes.

Rely on curtent solar income. This principte has two benefits:

First, it diminishes, and may eventually eliminate, our eliance on

Hydrocarbon fuels. Second, it means designing systems that sip

energy rather than gulping it down.

. Respect diversity. Evaluate every design for its impact on plant,
animal, and human (ife. What effects do products and pracesses
have on identity, independence, and integrity of humans and
natural systems? Every project should respect the regional,
cultural, and material uniqueness of it particular place.

and be molecularly tagged with the maker's mark. If they
are discovered 1o be discarded illegally. the manufacturer
would be held liable.

Following these principles, McDonough Bungart Design Chem-
istry has created nontoxic, easily recyclable materials to use in
buildings and for consumer goods. Among some important and
innovative “green office” projects designed by the McDonough
and Partners architectural firm are the Environmental Defense
Fund headquarters in New York City, the Environmental Studies
Center at Oberlin College in Ohio (see fig. 20.9). the European
Headquarters for Nike in Hilversum, the Netherlands, and the
Gap Corporate Offices in San Bruno, California (fig. 23.26).
Intended to promote employee well-being and productivity as
well as eco-efficiency, the Gap building has high ceilings, abun-
dant skylights, windows that open, a full-service fitness center
(including pool), and a landscaped atrium for each office bay that
brings the outside in. The roof is covered with native grasses.

FIGURE 23.26 The award-winning Gap, Inc. corporate
offices in San Bruno, California, demonsirate some of the best
features of environmental design. A roof covered with native
grasses provides insulation and reduces runoff. Natural lighting,
an open design, and careful relation to its surroundings all make
this @ pleasant place to work
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Eco-Efficient Business Practices

In 1994, in response to customers” concerns about health problems caused
by chemical fumes from new carpeting, wall coverings, and other build-
ing materials, Ray Anderson, founder and CEO of Interface, Inc.,a billion-
dolla-a-year interior furnishing company, decided to teview the company
environmental policy. What he found was that the company really didn’t
have an environmental ision other than to obey all elevant laws and com-
ply with regulations. He also leamed that carpeting—of which Interface
was the world's third-largest manufacturer—is one of the highest volume
and longest lasting components in landfils. A typical carpet is made of
nylon embedded in fiberglass and polyvinyl chloride. After  useful lfe of
about 12 years, most carpeting isripped up and discarded. Exery year, more
than 770 million m* (920 million yd°) of carpet weighing 1.6 billion ke
(3.5 billion Is) ends up in U.S. landiils. The only recycling that most man-
ufacturers do is to shave off some of the nylon for remanufacture, Every-
thing else is buried in the ground where it will last at least 20,000 years.

‘At about the same time that Interface was undergoing its environ-
mental audit, Anderson was given a copy of Paul Hawken's book The
Eu;lug» of Commerce. Reading it he said, was like “a spear through the

1o turn his company around, to make its goal sustain-
xl-uluy instead of simply maximizing profits. Rather than sell materials,
Interface would focus on selling service. The key is what Anderson calls
an evergreen lease.” Firstof al, the carpet is designed to be completely
recyclable. Where most flooring companies merely sell carpet, Interface
offers to lease carpets to customers. As carpet tles wear out, old ones are
removed and replaced as part of the lease. The customer pays no instala-
tion or removal charges, only a monthly fee for constantly fresh-looking
and functional carpeting. Everything in old carpet s used to make new
product. Only after many reincarnations as carpet, are materials finally
sent to the landfil

Dramatic changes have been made at Iterface’s 26 factories. Toxic

power and methane oma Imdﬂll are replacing fossil lu:l use. Imer!ac:
may be the first carb America. Less

Ray Anderson.
Source: Coutesy Ray Anderson, Iteface, Tc.

eco-efficiency and clean production. He became co-chair the President’s
Council on Sustainable Development, was named Entrepreneur of the
Year by Emest & Young, and was the Georgia Conservancy’s Conser-
vationist of the Year in 1998. Anderson’s book, Mid-Course Correction:
Toward a Sustainable Enterprise, published in 199 by Chelsea Green,
won critical acclaim.

Transforming an industry as large as interior fumishing reqired
persistence. “Like aircraft carriers,” Anderson said, “big businesses don't
tm on a dime.” Siill, he showed that the principles of sustainability
and financial success can coexist and can lead to a new prosperity that
includes both environmental and human dividends. His motto, that we
should “put back more than we take and do good to the Earth, not just
0 harm.” has becorme a vision for a new industral revolution that now is
reaching many companies beyond his own.

Ethical Considerations

Tegal inthe

waste is produced as more material is recycled and pmdms are designed
for eco-efficiency. The total savings from pollution prevention and recy-
cling in 2007 was $150 million.

Not only has Interface continued to be an industry leader, it was
named one of the *100 Best Companies to Work for in America” by For
tune magazine. Ray Anderson became a popular speaker on the topic of

according to conservative economist Milon Friedman.In fuct, Fiedman
argues, it would be unethical for corporate leaders to consider anything
other than maximizing profit. To spend time or resources doing anything
other than making profits and increasing the value of the company is a
betrayal of their duty. What do you think? Should social justice, sustain-
ability, or environmental protection be issues of concern to corporations?

We can do ll his and at the same time increase proits, reduce faxes,
shrink government, increase social spending, and restore our envi-
ronment, Hawken claims. Recently, Hawken has served as chairper-
son for The Natural Step in America, a movement started in Sweden
by Dr. K. H. Robert, a physician concerned about the increase in
environmentally related cancers. Through a consensus process,
a group of 50 leading scientists endorsed a description of the liv-
ing systems on which our economy and lives depend. More than
60 major European corporations and 55 municipalities have incor-
porated sustainability principles (table 23.5) nto their operations.
approach to corporate responsibility is called the
triple bottom line. Rather than reporting only net profits as a
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Table 23.5 The Natural Ste
for Sustainability

1. Minerals and metals from the earth's crust must not systematically
increase in nature.

2. Materials produced by human society must ot systematically
increase in na

3.The physical basis for l‘nnlngmt productivity must not be
systematically diminished.

4. The use of resources must be effcient and just with respect to
meeting human needs.

System Conditions
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FIGURE 3.6

A composite molecular
model of DNA. The
lower part shows indi-
vidual atoms, while the
Upper part has been
simplified to show the
strands of the double
helix held together

matching nucleotides
(AT, G, and C). A com-
plete DNA molecule
contains millons of
nucleotides and carres
genetic information for
many specific, inherit-
able traits.

Proteins are composed of chains of subunits called amino
acids (fig. 3.5¢). Folded into complex three-dimensional shapes,
proteins provide structure to cells and are used for countless cell
functions. Most enzymes, such s those that release energy from
lipids and carbohydrates, are proteins. Proteins also help identify
disease-causing microbes, make muscles move, transport oxygen
1o cells, and regulate cell activity.

Nucleotides are complex molecules made of a five-carbon
sugar (ribose or deoxyribose), one or more phosphate groups,
and an organic nitrogen-containing base called either a purine
or pyrimidine (fig. 3.5d). Nucleotides are extremely important
as signaling molecules (they carry information between cells,
tissues, and organs) and as sources of intracellular energy.
‘They also form long chains called ribonucleic acid (RNA) or
deoxyribonucleic acid (DNA) that are essential for storing and
expressing genetic information. Only four kinds of nucleotides
(adenine, guanine, cytosine, and thyamine) oceur in DNA, but
there can be billions of these molecules lined up in a very spe-
cific sequence. Groups of three nucleotides (called codons) act
as the letters in messages that code for the amino acid sequences
in proteins. Long chains of DNA bind together to form a stable
double helix (fig. 3.6). These chains separate for replica
preparation for cell division or to express their genetic infor-
mation during protein synthesis. Extracting DNA from cells
and reading the nucleotide sequence is widely usefl, for medi-
cal genetics, agriculture, forensics, taxonomy, and many other
fields. Because every individual has a unique set of DNA mole-
cules, sequencing their nucleotide content can provide a distine-
tive individual identification.

Cells are the fundamental units of life

All living organisms are composed of cells, minute compartments
within which the processes of lfe are carried out (fig. 3.7). Micro-
scopic organisms such as bacteria, some algae, and protozoa are
composed of single cells. Higher

— organisms have many cells,

L usually with many differ-

ent cell varieties. Your
bady, for instance, is
composed of several
willion cells of about
two hundred distinct
types. Every cell

.ut- I.‘hn..-'

d

Cut-away showing
interior of chioroplast
Vacuole

Nucleus

Cell membrane

Cellwall

FIGURE 3.7 Plant tissues and a single cells nterior. Gell
‘components include a celuiose cel wal, a nucleus, a large, empty
vacuole, and several chioroplasts, which carry out photosynthess.
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surrounded by a thin but dynamic membrane
of lipid and protein that receives informa-
tion about the exterior world and regulates
the flow of materials between the cell and its
environment, Inside, cells are subdivided into
tiny organelles and subcellular particles that
provide the machinery for life. Some of these
organelles store and release energy. Others
manage and distribute information. Still oth-
ers create the intemal structure that gives the
cellits shape and allows it to fulfll s rol.

A special class of proteins called
enzymes carry out all the chemical reactions
required to create these various structures,
provide them with energy and materials o
carry out their functions, dispose of wastes,
and perform other functions of life at the cel-
lular level. Enzymes are molecular catalysts: they regulate chemical
reactions without being used up or inactivated in the process. Like
hammers or wrenches, they do their jobs without being consumed
or damaged as they work. There are generally thousands of different
Kinds of enzymes in every cell all necessary o carry out the many
processes on which lfe depends. Altogether, the multitude of enzy-
matic reactions performed by an organism s called its metabolism.

ing over the dam has

3.2 ENERGY

I matter is the material of which things are made, energy provides
the force to hold structures together, tear them apart, and move them
from one place to another. In this section we will look at some fun-
damental characteristis of these components of our world.

Energy occurs in many forms

Energy is the ability to do work such as moving matter over
a distance or causing a heat transfer between two objects at
different temperatures. Energy can take many different forms.
Heat,light, electricity, and chemical energy are examples that we
all experience. The energy contained in moving objects is called
kinetic energy. A rock rolling down a hill, the wind blowing
through the trees, water flowing over a dam (fig. 3.8), or electrons
speeding around the nucleus of an atom are all examples of kinetic
energy. Potential energy is stored energy that is latent but avail-
able for use. A rock poised at the top of a hill and water stored
behind a dam are examples of potential energy. Chemical energy
stored in the food that you cat and the gasoline that you put into
your car are also examples of potential energy that can be released
0 do useful work. Energy is often measured in units of heat (calo-
ties) or work (joules). One joule (1) isthe work done when one kilo-
gram is aceelerated at one meter per second per second. One calorie
is the amount of eneray needed to heat one gram of pure water one
degree Celsius. A calorie can also be measured as 4184 1.
Heat describes the energy that can be transferred between
objects of different temperature. When a substance absorbs heat,
the kinetic energy of its molecules increases, or it may change
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FIGURE 3.8 Was

Potential energy

Kinetic eneray

er stored behind this dam represents potential energy. Water flow-
Kinetic energy, some of which is converted to heat.

state: A solid may become a liquid, or a liquid may become a gas.
We sense change in heat content as change in temperature (unless
the substance changes state).

An object can have a high heat content but a low tempera-
ture, such as a lake that freezes slowly in the fall. Other objects,
like a burning match, have a high temperature but little heat con-
tent. Heat storage in lakes and oceans is essential to moderating
climates and maintaining biological communities. Heat absorbed
in changing states is also critical. As you will read in chapter 15,
evaporation and condensation of water in the atmosphere helps
distribute heat around the globe.

Energy that is diffused, dispersed, and low in temperature
is considered low-quality energy because it is difficult to gather
and use for productive purposes. The heat stored in the oceans,
for instance, is immense but hard to capture and use, so it s low
quality. Conversely, energy that is intense, concentrated, and high
in temperature is high-quality energy because of ts usefulness in
carrying out work. The intense flames of a very hot fire or high-
voltage electrical energy are examples of high-quality forms that
are valuable to humans. Many of our alternative energy sources
(such as wind) are diffuse compared to the higher-quality, more
concentrated chemical energy in oil, coal, or gas.

Think About It

You descrbe one or two practical examples of the laws of
physics and thermodynamics in your own ife? Do they help
explain why you can recycle cans and bottes but not energy?
Wihich law is responsible for the fact that you get hot and
sweaty when you exercise?

Thermodynamics regulates energy transfers

Atoms and molecules cycle endlessly through organisms and their
environment, but energy flows in a one-way path. A constant supply
of energy—nearly all of it from the sun—is needed to keep biological
processes running. Energy can be used repeately as it flows through
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group is responsible for each other’s performance. The group not
only guarantees loan repayment, it helps businesses succeed by
offering support, encouragement, and advice. Where banks depend
on the threat of foreclosure and a low credit rating to ensure debt
repayment, the Grameen Bank has something at least as powerful
for poor villagers—the threat of letting down your neighbors and
relatives. Becoming a member of a Grameen group also requires
partcipation in a savings program that fosters self-reliance and
fiscal management

e process of running a successful business and repaying
the loan transforms many individuals. Women who previously
had litle economic power, influence, or self-esteem are empow-
ered with a sense of pride and accomplishment. Dr. Yunus also
discovered that money going to families through women helped
the families much more than the same amount of money in men’s
salaries. Women were more likely to spend money on children’s
food or education, producing generational benefits with the
increased income.

‘The most recent venture for the Grameen Bank is providing
mobile phone service to rural villages. Supplying mobile phones
to poor women not only allows them to communicate, it pro-
vides another business apportunity. They rent out their phone to
neighbors, giving the owner additional income, and linking the
whole village to the outside world. Suddenly, people who had
10 access to communication can talk with their relatives, order
supplies from the city, check on prices at the regional market,
and decide when and where to sell their goods and services.
“This is a great example of “bottom-up development” Founded
in 1996, Grameen Phone now has 2.5 million subscribers and is
Bangladesh’s largest mobile phone company. In 2006 Dr. Yunus
received the Nobel Peace Prize for his groundbreaking work in
helping the poor.

23.7 GREEN BUSINESS

Business leaders are increasingly discovering that they can save
money and protect our environment by greening up their business
practices. They can save substantial amounts of money through fuel
efficiency and reducing electricity consumption. These steps also
cut greenhouse gases. Recycling waste, and minimizing use of haz-
ardous materials, saves on disposal costs. In addition these com-
panies win public praise and new customers by demonstrating an
interest in our shared environment. By conserving resources, they
also help ensure the long-term survival at their own corporations.

nown by a variety of names, including eco-cfficiency,
clean production, pollution prevention, industrial ecology. natu-
ral capitalism, restorative technology, the natural step, environ-
mentally preferable products, design for the environment, and the
next industrial revolution, this movement has had some remark-
able successes and presents an encouraging pathway for how we
might achieve both environmental protection and social welfare.
Some of the leaders in this new approach to business include
Paul Hawken, William McDonough, Ray Anderson, Amory
Lovins, David Crockett, and John and Nancy Todd.

Operating in a socially responsible manner consistent with the
principles of sustainable development and environmental protec-
tion, they have shown, can be good for employee morale, public
relations, and the botiom line simultancously. Environmentally
conscious or “green” companies such as the Body Shop, P
nia, Aveda, Malden Mills, Johnson and Johnson, and Interface, Inc.
(What Do You Think? p. 532) consistently earn high marks from
community and environmental groups. Conserving resources,
reducing pollution, and treating employees and customers fairly
may cost a litle more initially, but can save money and build a
loyal following in the long run

New business models follow concepts of ecology

Paul Hawken's 1993 book, The Ecology of Commerce, was a sem-
inal influence in convincing many peaple o reexamine the role
of business and economics in environmental and social welfare.
Basing his model for a new industrial revolution on the principles
of ecology, Hawken points out that almost nothing is discarded or
unused in nature. The wastes from one organism become the food
of another. Industrial processes, he argues, should be designed on a
similar principle (table 23.4). Rather than a linear pattern in which
We try to maximize the throughput of material and minimize labor,
products and processes should be designed to

be energy efficient;
use renewable materials;

be durable and reusable or easily dismantled for repair and
remanufacture, nonpolluting throughout their entire life
cycle;

+ provide meaningful and sustainable livelihoods for
people as possible;

protect biological and social diversity;

many

use minimum and appropriate packaging made of reusable
or recyclable materials

Table 23.4 Goals for an Eco-Efficient Economy

* Introduce no hazardous material into the air, water, o soil.

+ Measure prosperity by how much natural capital we can accrue in
productive ways.

» Measure productivity by how many people are gainfully and
meaningfully employed.

* Measure progress by how many buildings have no smokestacks or
dangeraus effluents.

+ Make the thousands of complex govermental rules unnecessary
that now regulate toxic or hazardous materials.

+ Produce nothing that willrequire constant vigilance from future
generations.
+ Celebrate the abundance of biological and cultural diversty.

+ Live on renewable solar income rather than fossl fuels.
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International trade brings benefits
but also intensifies inequities
‘The banking and trading systems that regulate credit, currency
exchange, shipping rates, and commodity prices were set up by the
richer and more powerful nations in their own self-interest. The
General Agreement on Tariffs and Trade (GATT) and World Trade
Organization (WTO) agreements, for example, negotiated primar-
ily between the largest industrial nations, regulate 90 percent of all
international trade

These systems tend to keep the less-developed countrics in a
perpetual role of resource suppliers to the more-developed coun-
wries. The producers of raw materials, such as mineral ores or
agricultural products, get very little of the income generated from
international trade (fig. 23.24).

and social effects, however. Is loans often go to cormupt govern-
ments and fund ventures such as nuclear power plants, huge dams,
ecretary
Paul O"Neill said that these loans have driven poor countries “into
a ditch” by loading them with unpayable debt. He said that funds
should not be loans, but rather grants to fight poverty.

Microlending helps the poorest of the poor

Global aid from the WTO usually aids banks and industries more
than it helps the impoverished populations who most need assis-
tance. Often structural adjustment leads the poorest to pay back
Toans negotiated by their governments and industries. These con-
cerns led Dr. Muhammad Yunus of Bangladesh to initiate the
micro-loan plan of the Grameen Bank (opening case study).

2 programs have assisted billions of people—

Policies of the WTO and the IMF
resistance in many countries. As a prerequisite for interna
development loans, the IMF frequently requires debtor nations to
adopt harsh “structural adjustment” plans that slash welfare pro-
grams and impose cruel hardships on poor people. The WTO has
issued numerous rulings that favor international trade over pollu-
tion prevention or protection of endangered species. Trade conven-
tions such as the North American Free Trade Agreement (NAFTA)
have been accused of encouraging a “race to the botiom” in which
‘companies can play one country against another and move across
borders to find the most lax labor and environmental protection
standards.

No single institution has more influence on financing and
policies of developing countries than the World Bank. Of some
$25 billion loaned each year for development projects by inter-
national agencies, about two-thirds comes from the World Bank.
Founded in 1945 to fund reconstruction of Europe and Japan, the
World Bank shifted its emphasis 1o aid developing countries in
the 1950s. Many of its projects have had adverse environmental

20¢ to retailers

25¢ to processors
and wholesalers

28 to traders,

brokers, and shippers

19¢ to producing

FIGURE 23.24 What do we really pay for when we
purchase a dollar's worth of coffee?
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most of them low-status women who have no other way to bor-
row money at reasonable interest rates. This model is now being
used by hundreds of other development agencies around the world
(fig. 23.25). Even in the United States, organizations assist micro-
enterprises with loans, grants, and train fomen’s Self-
Employment Project in Chicago, for instance, teaches job skills to
single mothers in housing projects. Similarly, “tibal circle” banks
on Native American reservations successfully finance microscale
economic development ventures. Kiva.orz, mentioned in the open-
ing case study for this chapter,raised $71 million in just four years
0 help 171,000 entrepreneurs in developing countries.

One of the most important innovations of the Grameen Bank
is that borrowers take out loans in small groups. Everyone in the

FIGURE 23.25 With a loan of only a few dolars, this Chi-
nese coal deliverer could buy his own cart and more than double
his daily income. If you could make a tiny loan that would change
his life, wouldn't you do it?
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the system, and it can be stored temporarily in the chemical bonds of
organic molecules, but eventually it s eleased and dissipated.

‘The study of thermodynamics deals with how energy is tran
ferred in natural processes. More specifically, it deals with the
rates of flow and the transformation of energy from one form or
quality to another. Thermodynamics is a complex, quantitative
discipline, but you don't need a great deal of math to understand
some of the broad principles that shape our world and our lives.

“The first law of thermodynamics states that energy is con-
served: thatis, it s neither created nor destroyed under normal condi-
tions. Energy may be transformed. for example, from the energy in a
chemical bond to heat energy, but the total amount does not change.

‘The second law of thermodynamics states that, with each
successive energy transfer or transformation in a system, less
energy is available to do work. That i, energy is degraded to lower-
quality forms, or it dissipates and is lost, as it is used. When you
drive a car, for example, the chemical energy of the gas is degraded
o kinetic energy and heat, which dissipates, eventually, to space.
The second law recognizes that disorder, or entropy, tends to
increase in all natural systems. Consequently, there is always less
useful energy available when you finish a process than there was
before you started. Because of this loss, everything in the universe
tends to fall apart, slow down, and get more disorganized.

How does the second law of thermodynamics apply to organ-
isms and biological systems? Organisms are highly orgar
both structurally and metabolically. Constant care and mainte-
nance is required to keep up this organization, and a constant sup-
ply of energy is required to maintain these processes. Every time
some energy s used by a cell o do work, some of that energy
is dissipated or lost as heat. If cellular energy supplies are inter-
rupted or depleted, the result—sooner or later—is death.

3.3 ENERGY FOR LIFE

Where does the energy for life come from? For nearly all plants
and animals on earth, the sun s the ultimate energy source. But
some organisms living deep in the carth’s crust o at the bottom
of the oceans derive energy from chemical reactions, for example
between minerals and gases vented from the earth’s crust. This
energy pathway seems 10 be more ancient than the light-based
pathway we know best. Biologists think that before green plants
existed, ancient bacteria-like cells probably lived by processing
chemicals in hot springs.

Extremophiles gain energy without sunlight

Until recently, the deep ocean floor was believed to be essentially
lifeless. Cold, dark, subject to crushing pressures, and without
any known energy supply, it was a place where scientists thought
nothing could survive. Undersea explorations in the 19705, how-
ever, revealed dense colonies of animals—blind shrimp,
tubeworms, strange crabs, and bizarre clams—clustered around
vents called black chimneys, where boiling hot, mineral-laden
water bubbles up through cracks in the carih’s crust. How do these

sunless ecosystems get energy? The answer is chemosynthesis,
the process in which bacteria use chemical bonds between inor-
ganic elements, such as hydrogen sulfide (H,S) or hydrogen
gas (Hy), o provide eneray for synthesis of organic molecules.

Discovering organiss living under the severe conditions of
deep-sea hydrothermal vents led to exploration of other sites that
seem exceptionally harsh to us. A variety of interesting organ-
isms have been discovered in hot springs in thermal areas such as
Yellowstone National Park, in intensely salty lakes, and even i decp
rock formations (up to 1,500 m, or nearly a mil deep) in Columbia
River basalts, for example. Some species are amazingly hardy. The
recently described Pyrolobus fumarii can withstand temperatures up
0 113°C (235°F). Most of these extremophiles are archaea, single-
celled organisms that are thought to be the most primitive of all liv-
ing organisms, and the conditions under which they live are thought
to'be similar to those in which lfe first evolved.

Deep-sea explorations of areas without thermal vents also
have found abundant lfe (fig. 3.9). We now know that archaea live
in oceanic sediments in astonishing numbers. The decpest of these
species (they can be 800 m or more below the ocean floor) make
methane from gaseous hydrogen (Hy) and carbon dioxide (CO,),
derived from rocks. Other species oxidize methane using sulfur
1o create hydrogen sulfide (H,S), which is consumed by bacteria
that serve as a food source for more complex organisms such as
tbeworms. Why should we care about this exotic community? I’s
estimated that the total mass of microbes (microscopic organisms)
ing beneath the seafloor represents nearly one-third of all the
biomass (organic material) on the planet. Furthermore, the vast
supply of methane generated by this community could be either a
‘great resource or a terrible threat to us.

‘The total amount of methane made by these microbes is prob-
ably greater than all the known reserves of coal, gas, and oil. If we
could safely extract the huge supplies of methane hydrate in ocean
sediments, it could supply our energy needs for hundreds of years.

FIGURE 3.9 A colony of tube worms and mussels clusters
over a cool, deep-sea methane seep i the Guif of Mexico.
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OF greater immediate importance i that if methane-eating microbes
weren'tintercepting the methane produced by their neighbors, more
than 300 million tons per year of this poten greenhouse gas would
probably be bubbling to the surface, and we'd have run-away global
warming. Methane-using bacteria can also help clean up pollution.
After the Deepwater Horizon oil spil in the Gulf of Mexico in 2010,
a deep-sea bloom of methane-metabolizing bacteria apparently con-
sumed most of the methane escaping the spil

Green plants get energy from the sun

Our sun is a star, a fiery ball of exploding hydrogen gas. Its
thermonuclear reactions emit powerful forms of radiation, includ-
ing potentially deadly ultraviolet and nuclear radiation (fig. 3.10),
yet life here is nurtured by, and dependent upon, this searing energy
Source. Solar energy s essential to lfe for two main rezsons.

metric tons of carbon into biomass every year. About half of this
carbon capture s on land; about half i in the ocean.

“This photosynthesis is accomplished using particular wave-
Tengths of solar radiation that pass through our earth’s atmosphere
and reach the surface. About 43 percent of the radiation at the surface
is visible, another 43 percent s infrared, and 10 percent is ulraviolet
Photosynthesis uses mainly the most abundant wavelengths, visible
and near infrared. OF light wavelengths, photosynthesis uses mainly
red and blue light. Most plants reflect green wavelengths, so that is
the color they appear o us. Half of the energy plants absorb is used
in evaporating water. In the end, only 1 to 2 percent of the sunlight
falling on plants s available for photosynthesis. This small percent-
age represents the energy base for virtually all lfe in the biosphere.

Photosynthesis captures energy;
iration releases that energy

First, armth
arelatively narrow temperature range. In fact, each species has its
own range of temperatures within which it can function normally.
At high temperatures (above 40°C), biomolecules begin to break
‘down or become distorted and nonfunctional. At low temperaures.
(near 0°C), some chemical reactions of metabolism occur too
slowly to enable organisms to grow and reproduce. Other planets
in our solar system are either t00 hot or too cold to support lfe as
we know it. The earth’s water and atmosphere help to moderate,
maintain, and distribute the sun’s hea.

Second, nearly all organisms on the carth’s surface depend
on solar radiation for life-sustaining energy, which is captured
by green plants, algae, and some bacteria in a process called
photosynthesis. Photosynthesis converts radiant energy into
useful, high-quality chemical energy in the bonds that hold
together organic molecules. Photosynthesis happens on a micro-

Photosynthesis occurs in tiny organelles called chloroplasts that
reside within plant cells (see fig. 3.7). The most important key to
this process is chlorophyll, a green molecule that can absorb light
energy and use the energy to create high-energy chemical in com-
pounds that serve as the fuel for all subsequent cellular metabo-
lism. Chlorophyll doesn’t do this important job al alone, however.
Itis assisted by a large group of other lipid, sugar, protein, and
nucleotide molecules. Together these components carry out two
interconnected cyclic sets of reactions (fig. 3.11).

Photosynthesis begins with a series of light-dependent reac-
tions. These use solar energy directly to split water molecules into
oxygen (Oy), which s released to the atmosphere, and hydrogen (H).
“This is the source of all the oxygen in the atmosphere on which all
animals,including you, depend for life. Separating the hydrogen atom
from it electron produces H* and an electron, both of which are used

scopic scale, but it supports nearly alllife on carth.
organisms (plants, algae, and bacteria) capture roughly 105 billion

= Short wavelengths |

Radiation intensity ———=

Visible

to bile, high-cnergy lled
(ATP) and DPH).
Light-independent reactions then use the energy stored in ATP
and NADPH molecules to create simple carbohydrates and sugar
molecules (glucose, CeHl20¢) from carbon atoms (from COy) and
water (H0). Glucose provides the energy and the building blocks
for larger, more complex organic molecules. As ATP and NADPH
give up some of their chemical energy, they are transformed to

Torrestria radiation Long wavelenglhs —

light (exaggerated about 100,000 )
Gamma | | : ,
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FIGURE 3.10 The electromagnetic spectrum. Our eyes are sensitive to light wavelengths, which make up nearly half the energy that
reaches the earth's surface (represented by the area under the curve). Photosynthesizing plants also use the most abundant solar wave-
lengths. The earth reemits lower-energy, longer wavelengths, mainly the infrared part of the spectrum.
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Sulfur trading offers a good model

‘The 1990 U.S. Clean Air Act created one of the first market-
based systems for reducing air pollution. It mandated a decrease
g sulfur dioxide (SO,) from power plants and
other industrial facilities. An SO, targeted reduction was set at
10 million tons per year, leaving i to industry to find the most
efficient way to do this. The government expected that meet-
ing this goal would cost companies up to $15 billion per year,
but the actual cost has been less than one-tenth of that. Prices
on the sulfur exchange have varied from $60 to S800 per ton
depending on the availability and price of new technology, but
most observers agree that the market has found much more cost-
effective ways to achieve the desired goal than rigid rules would
have created.

‘This program s regarded as a shining example of the benefits
of market-based approaches. There are complaints, however, that
while nationwide emissions have come down, “hot spots” remain
where local uilities have paid for credits rather than install pol-
Tution abatement equipment. If you're living in one of these hot
spots and continuing to breathe polluted air, i’s not much comfort
to know that nationwide average air quality has improved. Cur-
rently, credits and allowances of more than 30 different air pollut-
ants are traded in international markets

-rain-

Carbon trading is already at work

Climate change is revolutionizing global economics. In 2006,
approximately (U.S.) $28 billion worth of climate credits, equiva-
lentto 1 billion tons of CO,, raded hands on intemational markes.
‘The market grew more than four-fold by 2010, to $120 billion. By
far the most active market currently is the Amsterdam-based Euro-
pean Climate Exchange. The United States has a climate market
in Chicago, and regional agreements are developing nationwide
(chapter 15), but thus far participation is only voluntary because
the United States doesn’t have mandatory emissions limits, and
carbon credits are selling for only about one-tenth the price they
are in Europe.

In 2010 more than 80 percent of the intemational emissions
payments went to just four countries, and nearly two-thirds of
those payments were for reductions of the refrigerant HFC-23
(fig. 23.23). Most entrepreneurs are uninterested in deals less
than about $250,000. Smaller projects just aren’t worth the time
and expense of setting them up. In one of the biggest deals so far,
a consortium of British bankers signed a contract to finance an
incinerator on a large chemical factory in Quzhou, in China's Zhejiang
Province. The incinerator wil destroy hydrofluorocarbon (HFC-23)
that previously had been vented into the air. This has a double ben-
efit: HFC-23 destroys stratospheric ozone, and it also is a potent
‘greenhouse gas (approximately 11,700 times as powerful as CO;
‘The $500 million deal will remove the climate-changing equiva-
Tent of the CO, emitted by 1 million typical American cars each
driven 20,000 km per year. But the incinerator will cost only
$5 million—a windfall profit to be split between the bankers and
the factory owners.

China|  43.9%
658% |HFC23

Brazil | 146%

India | 11.4%

129% | Biomass

South Korea | 10.6%

8%
Other | 196% 166% | Other
Country Type

FIGURE 23.23 Worldwide emissions reductions payments
by country and type. Currently, four countries are collecting

80 percent of all proceeds from emissions trading, and
two-thirds of those payments are going for relatively cheap
HFC23 incineration. Is this fair?

Source: United Nators, 2010,

‘There’s a paradox in this deal. HFC production in China and
India is soaring because a growing middle class fuels a demand
for refrigerators and air conditioners. The huge payments flow-
ing into these countries under the Kyoto Protocol are helping
their cconomies grow and increasing middle-class affluence, and
thus creating more demand for refrigerators and air conditioners.
Furthermore, air conditioners using this refrigerant are much less
energy efficient than newer models, so their increasing numbers
are driving the demand for electricity, which currently is mostly
provided by coal-fired power plants.

Critcs of our current emissions markets point out that this
mechanism was originally intended to encourage the spread of
renewable energy and nonpolluting technology to developing
countries in places such as sub-Saharan Africa. It was envisioned
as 4 way to spread solar panels, windill, tree farms, and other
technologies that would provide climate control and also speed
development of the poorest people. Instead, marketing emission
credits, so far, is benefiting primarily bankers, consultants, and
factory owners and is leading to short-term fixes rather than funda-
mental, long-term solutions.

23.6 TRADE, DEVELOPMENT, AND JOBS

“Trade can be a powerful tool in making resources available and
raising standards of living. Think of the things you now enjoy
that might not be available if you had to live exclusively on the
resources available in your immediate neighborhood. Too often,
the poorest, least powerful people suffer in this global market-
place. To balance out these inequities, nations can deliberately
invest in economic development projects. In this section, we'll
Took at some aspects of trade, development, business, and jobs that
have impacts on our environment and welfare.
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23.5 MARKET MECHANISMS
CAN REDUCE PoLLUTION

We are becoming increasingly aware that our environment and
economy are mutually interconnected. Natural resources and eco-
Togical services are essential for a healthy economy, and a vigorous
economy can provide the means to solve environmental problems.
In this section, we'll explore some of these links.

Using market forces

Most scientists regard global climate change as the most seri-
ous environmental problem we face. In 2006, the business world
got a harsh warning about this problem from British economist,
Sir Nicolas Stern. Commissioned by the British treasury depart-
ment 1o assess the threat of global warming, Sir Nicolas, who for-
merly was chief economist at the World Bank, issued a 700-page
study that concluded that if we don’t act to control greenhouse
gases, the damage caused by climate change could be equivalent
to losing as much as 20 percent of the global GDP every year.
“This could have an impact on our lives and environment greater
than the worldwide depression or the great wars of the twentieth
century,

We have many options for combating climate change, but
many economists believe market forces can reduce pollution
more efficiently than rules and regulations. Assessing a tax, for
example, on each ton of carbon emitted could have the desired
effect of reducing greenhouse gases and controlling climate
change, but could still allow industry to search for the most cost-
effective ways 10 achieve these goals. It also creates a continuing
incentive to search for better ways to reduce emissions. The more
youreduce your discharges, the more you save.

The cost of climate change will be far greater than steps we
could take now to reduce climate change. Stern calculates that it
will take about $500 billion per year (1 percent of global GDP)
o avoid the worst impacts of climate change if we act now. That
is a lot of money, but it's a bargain compared to his estimates
of $10 trillion in annual losses and costs of climate change in
50 years if we don't change our practices. And the longer we
wail, the more expensive carbon reduction and adaptation are
‘going to be.

On the other hand, reducing greenhouse gas emissions and
adapting to climate change will create significant business oppor-
wnities, as new markets are created in low-carbon energy tech-
nologies and services (fig. 23.22). These markets could create
millions of jobs and be worth hundreds of billions of dollars every
year. Already, Europe has more than 5 million jobs in renew-
able energy, and the annual savings from solar, wind, and hydro
power are saving the European Union about $10 billion per year in
avoided oil and natural gas imports. Being leaders in the fields of
renewable energy and carbon reduction gives pioneering countries
a tremendous business advantage in the global marketplace. Mar-
Kets for low-carbon energy could be worth $500 billion per year
by 2050, according to the Stern report,
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FIGURE 23.22 Markets for low-carbon energy could be
worth $500 billon per year by 2050, and could create milions of
high-paying jobs.

Is emissions trading the answer?

“The Kyoto Protocol, which was negotiated in 1997, and has been
ratified by every industralized nation in the world except the
United States and Australi, sets up a mechanism called emissions
Thisisal d
trade approach. The first step is to mandate upper limits (the cap),
‘on how much each country, sector, or specific industry is allowed
o emit. Companies that can cut pollution by more than they're
required can sell the eredit to other companies that have more dif-
ficulty meeting their mandated levels.

Suppose you've just built a state-of-the-art power plant that
allows you to capture and store CO, for about $20 per ton, and that
allows you to cut your CO; emissions far below the amount you
are permitted to produce. Suppose, further, that your neighboring
utility has a dirty, old coal-fired power plant for which it would
cost $60 per ton (0 reduce CO; emissions. You might strike a deal
with your neighbor. You reduce your CO, emissions, and he pays
you $40 for each ton you reduce, so he doesn’t have o reduce. You
make $20 per ton, and your neighbor saves $20 per ton. Both of
you benefit. On the other hand, if your neighbor can find an even
cheaper way to offset his carbon emissions, he's free to do so.
“This creates an incentive to continually search for ever more cost-
effective ways to reduce emission;

Opportunities are increasing for all of us to buy carbon off-
sets. When you buy an airplane ticket, for example, some airlines
offer you the chance to pay a few extra dollars, which will be used
o pay for planting trees, which will absorb carbon. You can also
buy carbon offsets if you have an old, inefficient car. For about
$20 per ton (or about $100 per year for the average American car),
they'Il plant trees, build a windmill, or provide solar lights 0 a
village in a developing country to compensate for your emissions.
You can take pride in being carbon-neutral at a far lower price
than buying a new automobile.
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. DP) and NADP. Thes then
reused in another round of light-dependent reactions. In most temper-
ate-zone plants, photosynthesis can be summarized in the following
equation:

6110 + 6C0, + solar energy - CHO, (sugar) + 60,

We read this equation as “water plus carbon dioxide plus
energy produces sugar plus oxygen.” The reason the equation uses
six water and six carbon dioxide molecules is that it takes six car-
bon atoms to make the sugar product.

Note that the CO; in the equation above is captured from the
air by plant tissues. This means that much of the mass of a plant is
made of air, and the rest is largely water. Since you derive carbon
from plants you eat, or animals that eat plants, you could say that
‘you are made largely from air, too.

What does the plant do with glucose? Because glucose is an
energy-rich compound, i serves as the central, primary fuel for all
metabolic processes of cells. The energy in its chemical bonds—
created by photosynthesis—can be released by other enzymes and
used to make other molecules (lipids, proteins, nucleic acids, or other
carbohydrates), or it can drive kinetic processes such as movement
of ions across membranes, transmission of messages, changes in cel-
Tular shape or structure, or movement o the celliself in some cases.

‘This process of releasing chemical energy, called cellular
respiration, involves splitting carbon and hydrogen atoms from
the sugar molecule and recombining them with oxygen to recreate
carbon dioxide and water. The net chemical reaction, then, is the
reverse of photosynthesis:

CgH 1204 + 60— 6H,0 + 6C0, + released encrgy

Note that in photosynthesis, energy is captured, while in respi-
ration, energy is released. Similarly, photosynthesis consumes water
and carbon dioxide 10 pmxduce sugar and oxygen, while respiration
does just me opposite. In both sets

reactions, ~ chemical

Sun hnnds are used to capure,
‘N store, and deliver energy
a cell. Plants

.. camy out both
2 photosynthesis

Lpaenen oo ]

o~

FIGURE 3.11 Photosynthesis involves a series of reactions
in wihich chlorophyll captures light energy and forms high-energy
molecuies, ATP and NADPH, Light-independent reactions then
use energy from ATP and NADPH (converting them to ADP and
NADP) to fix carbon from air in organic molecules.

Ut
(diffuse
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FIGURE 3.12 Energy exchange in ecosystems. Plants use
sunlght, water, and carbon dioxide to produce sugars and ofher
organic molecules. Consumers use oxygen and break down sug-
ars during cellular respiration. Plants also carry out respiration, but
during the day, i ight, water, and CO, are avaiable, they have a
net production of O, and carbohydrates.

and respiration, but during the day, if light, water, and CO; are
available, they have a net production of O, and carbohydrates.

/e animals don’t have chlorophyll and can’t carry out pho-
tosynthetic food production. We do perform cellular respiration,
however. In fact, this is how we get all our energy for lfe. We eat
plants—or other animals that have eaten plants—and break down
the organic molecules in our food through cellular respiration to
obtain energy (fig. 3.12). In the process, we also consume oxygen
and release carbon dioxide, thus completing the cycle of photo-
synthesis and respiration.

3.4 From SPECIES TO ECOSYSTEMS

When we discuss Chesapeake Bay as a complex system (opening
case study) we are concerned with rates of photosynthesis, abun-
dance of photosynthesizing algac, and the ways that changes to the
bay's chemistry influence population sizes for different species.
Numbers of blue crabs, oysters, menhaden, and other species all
contribute to our assessment of the system’s stability and health.
“Terms like species. population, and community are probably
familiar to you, but biologists have particular meanings for these
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terms. In Latin, species literally means kind. In biology, species
‘generally refers to all organisms of the same kind that are geneti-
cally similar enough to breed in nature and produce live, fertile
offspring. There are important exceptions to this definition, and
increasingly taxonomists rely on genetic differences to define spe-
cies, but for our purposes this is a useful working definition.

A population consists of all the members of a species living
in a given area at the same time. All of the populations living and
interacting in a particular area make up a biological community.

hat populations make up the biological community of which
you are a part? If you consider all the populations of animals,
plants, fungi, and microorganisims in your area, your community is
probably large and complex. Well explore the dynamics of popu-
lations and communities more in chapters 4 and 6.

Ecosystems include living and nonliving parts

As discussed in chapter 2, systems are networks of interaction
among many interdependent factors. Your body, for example. is
a very complex, self-regulating system. An ecological system,
or ecosystem, is composed of a biological community and its
hysical environment. The environment includes abiotic factors
(nonliving components), such as climate, water, minerals, and
sunlight, as well as biotic factors, such as organisms, their prod-
uets (secretions, wastes, and remains), and effects in a given area.
Itis useful to think about the biological community and
@ its environment together, because energy and matter flow
through both. Understanding how those flows work is a major
theme in ecology.

For simplicity, we think of ecosystems as distinct ecological
units with fairly clear boundaries. If you look at a patch of woods
surrounded by farm fields, for instance, a relatively sharp line
might separate the two areas, and conditions such as light levels,
wind, moisture, and shelter are quite different in the woods than in
the fields around them. Because of these variations, distinct popu-
lations of plants and animals live in each place. By studying each
of these areas, we can make important and interesting discover-
ies about who lives where and why and about how conditions are
established and maintained there.

“The division between the fields and woods is not always clear,
however. Air, of course, moves freely from one to another, and the
runoff after a rainfall may carry soil, leaf litter, and live organisms
between the areas. Birds may feed in the field during the day but
Toost in the woods at night, giving them roles in both places. Are
they members of the woodland community or the field community?
Is the edge of the woodland ecosystem where the last tree grows,
or does it extend o every place that has an influence on the woods?

As you can see, it may be difficult to draw clear boundaries
around communities and ecosystems. To some extent we define
these units by what we want 10 study and how much informa-
tion we can handle. Thus, an ecosystem might be as large as a
whole watershed or as small as a pond o even your own body.
“The thousands of species of bacteria, fungi, protozoans, and other
organisms that live in and on your body make up a comples, inter-
dependent community. You keep the other species warm and fed;
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they help you with digestion, nutrition, and other bodily functions.
Some members of your community are harmful, but many are ben-
eficial. You couldn’t survive easily without them. Interestingly, of
the several trillion individual cells that make up your body, only
about 10 percent are mammalian. That means that a vast majority
(in numerical terms) of cells that make up the ecosystem that s
you are nonmammalian.

‘You, as an ecosystem, have clear boundaries, but you are open
in the sense that you take in food, water, energy. and oxygen from
your surrounding environment, and you excrete wastes. This is
true of most ecosystems, but some are relatively closed: that is,
they import and export comparatively litle from outside. Others,
such as a stream, are in a constant state of flux with materials and
even whole organisms coming and going. Because of the second
law of thermodynamics, however, every ecosystem must have a
constant inflow of energy and a way to dispose of heat. Thus, with
regard 1o energy flow, every ecosysten is open.

Many ecosystems have feedback mechanisms that maintain gen-
erally sable structure and functions. A forest tends to remain a forest,
for the most part, and 1o have forest-ike conditions if it isn't disturbed
by outside forces. Some ecologists suggest that ecosystems—or per-
haps all life on the earth—may function as superorganisms because
they maintain stable conditions and can be resilient to change.

Food webs link species of different
trophic levels

Photosynthesis (and rarely chemosynthesis) is the base of all eco-
systems. Organisms that photosynthesize, mainly green plants and
algae, are therefore known as producers. One of the major prop-
erties of an ecosystem is its productivity, the amount of biomass
(sclogical maeri)poduced i ghvenarea dring  givenpeiod
of time. bed a 'y productivity
it the basis for almost uu other growih in an ecosystem. Manufic-
ture of biomass by organisms that eat plants is termed secondary
productivity. A given ecosystem may have very high total productiy-
ity, but if decomposers decompose organic material as rapidly as it
is formed, the net primary productivity will be low.

“Think about what you have eaten today and trace it back to its
photosynthetic source. If you have eaten an egg, you can trace it back
0 a chicken, which probably ate co. This is an example of a food
chain, a linked feeding series. Now think about a more complex
food chain involving you, a chicken, a con plant, and a grasshopper.
“The chicken could eat grasshoppers that had eaten leaves of the com
plant. You also could eat the grasshopper directly—some humans do.
Or you could cat com yourself, making the shortest possible food
chain. Humans have several options of where we fit into food chains.

In ecosystems, some consumers feed on a single species, but
most consumers have multiple food sources. Similarly, some spe-
cies are prey 1o a single kind of predator, but many species in an
ecosystem are beset by several types of predators and parasites. In
this way, individual food chains become interconnected to form a
food web. Figure 3.13 shows feeding relationships among some
of the larger organisms in a woodland and lake community. If we
were (0 add all the insects, worms, and microscopic organisms
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FIGURE 23.19 Raising agricultural productivity and rural
incomes are high prioriies of the UN Milennium Development
Goals,

CBA s one of the main conceptual frameworks of resource
economics and is used by decision makers around the world as a
way of justifying the building of dams, roads, and airports, as well
as in considering what to do about biodiversity loss, air pollution,
and global climate change. Deeply entrenched in bureaucratic
practice and administrative culture, this technique has become
much more widespread in American public affairs since the Rea-
‘gan administration’s exccutive orders in the 19805 calling for the
application of CBA 1o all regulatory decisions and legislative pro-
‘posals. Many conservatives see CBA as a way of eliminating what
they consider to be unnecessary and burdensome requirements to
protect clean air, clear water, human health, or biodiversity. They
would like to add a requirement that all regulations be shown to be
cost-effe

‘The first step in CBA is to identify who or what might be
affected by a particular plan. What are the potential outcomes
and results? What alternative actions might be considered? After
identifying and quantifying all effects, an attempt is made to
assign monetary costs and benefits to each one. Usually the direct

z

Marginal
sodal cost

Dollars per unit of pollution eliminated

Pollution prevented

FIGURE 23.20 To achieve maximum economic efficiency,
regulations should require pollution prevention up to the optimum
point (Py) at which the costs of eliminating pollution just equal the
social benefits of doing so.

FIGURE 23.21 What is the value of solitude or beauty?
How would you assign costs and benefits to a scene such
as this?

expenses of a project are casy to ascertain. How much will you
have to pay for land, materials, and labor? The monetary value of
Tost opportunities—to swim or fish in a river, or to see birds in a
forest—is much harder to appraise (fig. 23.21). How would you
put a price on good health or a long life? Its also important to
ask who will bear the costs and who will reap the benefits of any
proposal. Are there external costs that should be accounted for?
Eventually the decision maker compares all the costs and benefits
10 see whether the project is justified or whether some alternative
action might bring more benefits at less cost

cause of the difficulty of assigning monetary prices to
intangible or public resources we value, many people object to
CBA. In analyzing the costs and benefits of a hydroelectric dam,
for example, economists often cannot assign suitable values to
land, forests, streams, fisheries and livelihoods, and community.
Odinary people often cannot answer questions about how much
money they would pay to save a wildemess or how much they
would aceept to allow it to be destroyed.

A study by the Economic Policy Institute of Washington, D.C.,
found that costs for complying with environmental regulations
are almost always less than industry and even governments et
mate they will be. For example, electric utlities in the United
States claimed that it would cost $4 to $5 billion to meet the
1990 Clean Air Act. But by 1996, utilities were actually saving
$150 million per year. Similarly, when CFCS were banned, auto-
mobile manufacturers protested it would add $1,200 to the cost
of each new car. The actual cost was about $40.

Cost-benefit analysis is also criticized for its absence of stan-
dards and inadequate attention 1o alteratives. Who judges how
costs and benefits will be estimated? How can we compare things
as different as the economic gain from cheap power with loss of
biodiversity or the beauty of a free-flowing river? Critics claim
that placing monetary values on everything could lead to a belief
that only money and profits count and that any behavior is accept-
able as long as you can pay for it. Sometimes speculative or even
hypothetical results are given specific numerical values in CBA
and then treated as if they are hard facts. Risk-assessment tech-
niques (see chapter 8) may be more appropriate for comparing
uncertainties.
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Alternate measures account for well-being

A number of systems have been proposed as alteratives to
‘GNP that reflect genuine progress and social welfare. In their
1989 book, Herman Daly and John Cobb proposed a genuine
progress index (GPI) that takes into account real per capita
come, quality of life, distributional equity, natural resource
depletion, environmental damage, and the value of unpaid
labor. They point out that while per capita GDP in the United
States nearly doubled between 1970 and 2000, per capita GPI
increased only 4 percent (fig. 23.18). Some social service orga-
nizations would add to this index the costs of social breakdown
and crime, which would decrease real progress even further
over this time span.

Anewer measure s th
(EPI) created by researchers at Yale and Columbia Universities
10 evaluate national sustainability and progress toward achieve-
ment of the United Nations Millennium Development Goals.
‘The EPI is based on sixtcen indicators tracked in six catego-
ties: environmental health, air quality, waer resources, produc-
tive natural resources, biodiversity and habitat, and sustainable
energy. The top-ranked countries—New Zealand, Sweden,
Finland, the Czech Republic. and the United Kingdom—all
commit significant resources and effort to environmental protec-
tion. In 2006, the United States ranked 281h in the EPI, or lower
than Malaysia, Costa Rica, Columbia, and Chile, all of which
have between 6 and 15 times lower GDP than the United States.
See Data Analysis (p. 537) for a graph of human development
index (HDI) versus EPL

“The United Nations Development Programme (UNDP) uses
a benchmark called the human development index (HDI) to track
social progress. HDI incorporates life expectancy, educational

Years.

FIGURE 23.18 Although per capita GDP in the United
States nearly doubled between 1970 and 2000 in inflation-
adjusted dollars, a genuine progress index that takes into account
natural resource depletion, environmental damage, and options.
for future generations hardly increased at all
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attainment, and standard of living as critical measures of develop-
ment. Gender issues are accounted for in the gender development
index (GDI). which is simply HDI adjusted or discounted for
inequality or achievement between men and women.

In its annual Human Development Report, the UNDP com-
pares country-by-counry progress. As you might expect, the high-
est development levels are generally found in North America,
Europe, and Japan. In 2006, Norway ranked first in the world in
both HDI and GDI. The United States ranked eighth while Canada
was sixth. The 25 countries with the lowest HDI in 2006 were all
in Africa. Haiti ranks the lowest in the Western H:mlspherc

remains widespread in many pla ur-
aging news also can be found in development statistc: aneny
has fallen more in the past 50 years, the UNDP reports, than in
the previous 500 years. Child death rates in developing countries
as a whole have been more than halved. Average life expectancy
has increased by 30 percent while malnutrition rates have declined
by almost a third. The proportion of children who lack primary
school has fallen from more than half to less than a quarter. And
the share of rural families without access to safe water has fallen
from nine-tenths to about one-quarter.

Some of the greatest progress has been made in Asia.
China and a dozen other countries with populations that add
up to more than 1.6 billion, have decreased the proportion of
their people living below the poverty line by half. Still in the
1990 the number of peaple with incomes less than S1 per day
increased by almost 100 million to 1.3 billion—and the number
appears to be growing in every region except Southeast Asia and
the Pacific. Even in industrial countries, more than 100 million
people llvc be]ow the poverty line and 37 million are chronically
unemploy

Ewnomlc growth can be a powerful means of reducing
poverty, but its benefits can be mixed. The GNP of Honduras,
for instance, grew 2 percent per year in the 1980s and yet pov-
erty doubled. To combat poverty, the UNDP cals for “pro-poor
growth” designed to spread benefits to everyone. Specifically,
some key elements of this policy would be to: (1) create jobs
that pay a living wage, (2) lessen inequality, (3) encourage
small-scale agriculture, microenterprises, and the informal sec-
tor, (4) foster technological progress, (5) reverse environmental
decline in marginal regions, (6) speed demographic transitions,
and (7) provide education for all. Since about three-quarters
of the world’s poorest people live in rural areas, raising agri-
cultural productivity and incomes is a high priority for these
actions (fig. 23.19)

Cost-benefit analysis aims to optimize benefits

One way to evaluate public projects is to analyze the costs and
benefits they generate in a cost-benefit analysis (CBA). This pro-
cess attempts to assign values to resources as well as o social and
environmental effects of carrying out or not carrying out a given
undertaking. It tries to find the optimal efficiency point at which
the marginal cost of pollution control equals the marginal benefits
(fig. 23.20).
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FIGURE 3.13 Each time an organism feeds, it becomes a link in a food chain. In an ecosystem, food chains become interconnected

when predators feed on more than one kind of prey, thus forming a food

web. The arrows in this diagram and in figure 3.14 indicate the

direction in which matter and energy are transferred through feeding relationships. Only a few representative relationships are shown here.

What others might you add?

that belong in ths picture, however, we would have overwhelming
‘complexity. Perhaps you can imagine the challenge ecologists face
in trying to quantify and interpret the precise matter and energy
transfers that occur in a natural ecosystem!

Anorganism’s feeding status in an ecosystem can be expressed
as its trophic level (from the Greek trophe, food). In our first
example, the cor plant i at the producer level: it transforms solar
energy into chemical energy, producing food molecules. Other
organisims in the ecosystem are consumers of the chemical energy
hamessed by the producers. An organism that eats producers s a
primary consumer. An organism that eats primary consumers s a
secondary consumer, which may, i tun, be eaten by a tertiary con-
sumer, and so on. Most terrestrial food chains are relatively short
(seeds — mouse —> owl), but aquatic food chains may be quite
long (microscopic algae = copepod —> minnow — crayfish —
bass — osprey). The length of a food chain also may reflect the
physical characteristics of a particular ecosystem. A harsh arctic
landscape, with relatively low species diversity, can have a much
shorter food chain than a temperate or tropical one (fig. 3.14).

Think About It

What would have been the leading primary producers and top
consumers in the native ecosystem where you now lie? What
are they now? Are fewer trophic levels now represented in your
ecosystem than in the past?

Organisms can be identified both by the trophic level at which
they feed and by the kinds of food they eat (fig. 3.15). Herbivores
are plant eaters, carnivores are flesh eaters, and omnivores cat
both plant and animal matter. What are humans? We are natural
‘omnivores, by history and by habit. Tooth structure is an important
clue to understanding animal food preferences, and humans are
o exception. Our teeth are suited for an omnivorous dict, with a
combination of cutting and crushing surfaces that are not highly
adapted for one specific kind of food, as are the tecth of a wolf
(camivore) or a horse (herbivore).

One of the most important trophic levels is occupied by the
many kinds of organisms that remove and recycle the dead bod-
ies and waste products of others. Scavengers such as crows,
jackals, and vultures clean up dead carcasses of larger animals.
Detritivores such as ants and beetles consume liter, debris, and
dung, while decomposer organisms such as fungi and bacteria
complete the final breakdown and recycling of organic materi-
als. It could be argued that these microorganisms are second in
importance only to producers, because withou their activity nutri-
ents would remain locked up in the organic compounds of
organisms and discarded body wastes, rather than being made
available to successive generations of organisms,

Ecological pyramids describe trophic levels

1f we arrange the organisms according o trophic levels, they gener-
ally form a pyramid with a broad base representing primary pro-
ducers and only a few individuals in the highest trophic levels. This.
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FIGURE 3.14 Harsh environments tend to have shorter food chains than

with more favorable physical con

CGompare the arctic food chains depicted here with the longer food chains in the food web in figure 3,13,

g
o

* Trophic levels
l\, Jf 4. Tertiary consumers
. (usualy a top" camivore)

3 Sbcondlrv consumers

\ {oamivo Consumers
\ that feed at
alllevels:
\ Parasites
2. Primary consumers Scavengers
(herbivores) Decomposers
1. icors
(photosynthetic plants,

algae, bacteria)

FIGURE 3.15 Organisms in an ecosystem may be identifed
by how they obtain food for their Ife processes (producer, herbi-
Vore, camivore, omnivore, scavenger, decomposer, reducer)

or by consumer level (producer; primary, secondary, or tertiary
‘consumer) or by trophic level (1st, 2nd, 3rd, 4th).
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04% Top camivores.

Detritivores
and decomposers 18%  Primary carnivores
22% 161% Herbivores.
100% Producers

FIGURE 3.16 A classic example of an energy pyramid from
Silver Springs, Florid. The numbers in each bar show the per-
centage of the energy captured in the primary producer level
that s incorporated into the biomass of each succeeding level.
Detritivores and decomposers feed at every level but are shown
attached to the producer bar because this level provides most of
their energy.

pyramid armangement s especially true if we look at the energy
content of an ecosystem (fg.3.16

is there so much less energy in each successive level in
figure 167 Becauseof h second e of thermodynamics, which
says that eney ates and degrades as it is reused. Thus a
rabbit consumes a great deal of chemical energy stored in car-
bohydrates in grass, and much of that energy is transformed to
Kinetic energy, when the rabbit moves, or to heat, which dissipates
10 the environment. A fox eats the rabbit, and the same degrada-
tion and dissipation happen again. From the fox’s point of view,
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Economic models compare growth scenarios

In the carly 19705, an influential study of resource limitations was
funded by the Club of Rome, an organization of wealthy business
owners and influential poliicians. The study was carried out by a
team of scientists from the Massachusetts Insttute of Technology
headed by the late Donnela Meadows. The results o this study were
‘published in the 1972 book Linits to Growth. A complex computer

happen, only what some possible outcomes might be, depend-
ing on the choices we make.

23.4 MEASURING GROWTH
How do we monitor our resource consumption and its effects? In

order to know if conditions in general are getting better or worse,
cconomists indices that countries or regions can use

model of the s used to examine
of different resource depletion rates, growing population, pollution,
and industrial output.

iven the Malthusian assumptions built into this model, c
strophic social and environmental collapse seemed inescapable
(fig. 23.17a). Food supplies and industrial output rise as popula-
tion grows and resources are consumed. Once past the carrying
capacity of the environment, however, a crash occurs as popula-
tion, food production, and industrial output all decline precipi-
tously. Pollution continues to grow as society decays and people
die, but, eventually, it also falls. Notice the similarity between this
set of curves and the “boom and bust” population cycles described
in chapter 6.

Many economists criticized these results because they
discounttechnological development and factors that might
mitigate the effects of scarcity. In 1992, the Meadows group
published updated computer models in Beyond the Limits that
include technological progress, pollution abatement, popula-
tion stabilization, and new public policies that work for a sus-
inable future. If we adopt these changes sooner rather than
later, all factors in the model stabilize sometime in this century
at an improved standard of living for everyone (fig. 23.17b).
Of course, neither of these computer models shows what will

Resources. e
Industrial  Pollution
output

to monitor change over time. These indices track a variety of activ
ties and values, o produce an overallpicture of the economy. Which
factors we choose to monitor, though, reflect judgments about what
is important i society, and those judgments can vary substantially.

GNP is our dominant growth measure

Th s output

product (GNP). GNP can be calculated in two ways. One is the
money flow from households to businesses in the form of goods and
services purchased. The other is to add up allthe costs of production
in the form of wages, rent,interest, taxes, and profit. In either case,
a subtraction is made for capital depreciation, the wear and tear on
machines, vehicles, and buildings used in production. Some econo-
mists prefer gross domestic product (GDP), which includes only
the economic activity within national boundaries. Thus the vehicles
made and sold by Ford in Europe don't countin GDP.

Both GNP and GDP have been criticized as measures of real
progress or well-being because they don't attempt to distinguish
between beneficial activities and harmful activities. A huge oil
spill that pollutes beaches and kills wildlife, for example, shows
up as a positive addition to GNP because it generates economic
ty in the costs of cleanup.

Ecological economists. also
argue that GNP doesn't account
for natural resources used up or
ecosystems  damaged by eco-
nomicactivities. Robert Repeto
of the World Resources Institute

R estimates that soil erosion in Indo-

nesia, for instance, reduces the

value of erop production about

40 percent per year. If natural cap-

ital were taken into account, Indo-

nesian GNP would be reduced by
atleast 20 percent annually.

Population
P Similarly, Costa Rica expe-
rienced impressive increases  in
Food = timber, beef, and banana produc-
1900 2000 2100 1901 2000 2100 tion between 1970 and 1990, But
(@) Business as usual (b) Adaptation, greater efficiency decreased natural capital during

FIGURE 23.17 Models of resource consumption and scarcity. Running the model with assump-  this period represented by soil ero-
tions of Matthusian limits and high consumption causes food, productivity, and populations to crash,  sion, forest destruction, biodiver-
while pollution increases (feft). Running the same model with assumptions of slowing population sity losses, and accelerated water
growth and consumption, with better technologies produces stable output and population (right). runoff add up to at least $4 billion

Which of these models will we follow?

orabout 25 percent of annual GNP.
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FIGURE 23.15 Scarcity/development cycle. Paradoxicall,
resource use and depletion of reserves can stimulate research
and development, the substitution of new materials, and the
effective creation of new resources.

Increasing technological efficiency can dramatically shift
supply and demand relationships. As technology makes goods
and services cheaper to produce, the quantty available at a given
price can increase grearly. The market equilbrium, of the point at
which supply and demand equilibrate, will shift to lower prices
and higher quantities as a market matures (fig. 23.16).

Carrying capacity is not necessarily fixed

Despite repeated warnings that rapidly growing populations.
and increasing affluence are bound to exhaust natural resources
and result in rapid price increases,

Fronter econormy
vE Developing economy
Py
s VE
£ (P
Supply 1 ME
Supply 2 -
Supply 3
o Q, a
T wew >

FIGURE 23.16 Supply and demand curves at three different
stages of economic development. At each stege there is a market
equibrium point at which supply and demand are in balance, As
the economy becomes more efficient, the equilibrium shifts so
there is a larger quantity available at a lower price than before,

(P = price, Q = quantity, ME = market equilbrium)

prices, to previously unimagined levels. Will this increase lead to
shortages and crisis? Or will it lead to innovation and resource
substitution? Economists generally believe that substittability
and technological development will help us avoid catastrophe.
Ecologists generally argue that there are bound to be limits to how
much we can consume.

A noted example of this debate occurred in 1980. Ecolo-
gist Paul Ehrlich bet economist Julian Simon that increasing
human populations and growing levels of material consumption
would inevitably lead to price increases for natural resources.
‘They chose a package of five metals—chrome, copper, nickel,

have resulted in price decreases for most raw materials over
the last hundred years. Consider copper for example. Twenty
years ago worries about impending shortages led the United
States to buy copper and store it in strategic stockpiles. Esti-
mated demand for this important metal, essential for electric
motors, telephone lines, transoceanic cables, and other uses,
far exceeded known reserves. It looked as if severe shortages
and astronomical price increases were inevitable. But then
aluminum power lines, satellites, fiber optic cables, integrated
cireuits, microwave transmission, and other inventions greatly
diminished the need for copper. Although prices are highly
variable, the general trend for most materials was downward in
the twentieth centur

Recent reports have warned that increasing demand for con-
sumer goods and infrastructure in China will raise demand, and
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tin, and priced at the time at $1,000. If, in ten years,
the combined price (corrected for inflation) was higher than
$1,000, Simon would pay the difference. If the combined price
had fallen, Ehrlich would pay. In 1990 Ehrlich sent Simon a
check for $576.07; the price for these five metals had fallen
47.6 percent.

Does this prove that resource abundance will continue indef-
initely? Hardly. Ehrlich argued that the timing and set of com-
madities chosen simply were the wrong ones. The fuct that we
haven't yet run out of raw materials doesn’t mean that it will
never happen. Many ecological economists now believe that
some nonmarket resources such as ecological processes may be
more irreplaceable than tangible commodities like metals. What
do you think? Are we approaching limits to consumption? Which
resources, if any, do you think are most likely to be limiting in
the future
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FIGURE 3.17 A biomass pyramid. Like energy, biomass decreases at higher levels. Arrows show how biomass is used and lost.

the lost energy is used in the process of living and growing, and a
litle of the energy it has eaten is stored in the fox’s tissues. From
an ecosystem energy perspective, there will always be smaller
amounts of energy at successively higher trophic levels. Large top
camivores need a very large pyramid, and a large home range, to
support them. A tiger, for example, may require a home range of
several hundred square kilomeers to survi
A general rule of thumb is that only about 10 percent of the
energy in one consumer level is represented in the next higher
level (fig. 3.17). The amount of energy available is often expressed
in biomass. For example, it generally takes about 100 kg of clover
10 make 10 kg of rabbit and 10 kg of rabbit to make 1 kg of fox.
‘The total number of organisms and the total amount of bio-
mass in each successive trophic level of an ecosystem also may
form pyramids (fig. 3.18) similar to those describing energy
content. The relationship between biomass and numbers is not
as dependable as energy, however. The biomass pyramid, for
instance, can be inverted by periodic fluctuations in producer
populations (for example, low plant and algal biomass present
during winter in temperate aquatic ecosystems). The numbers
pyramid also can be inverted. One coyote can support numerous

tapeworms, for example. Numbers inversion also oceurs at the
lower trophic levels (for example, one large tree can support
thousands of caterpillars).

3.5 MATERIAL CYCLES
AND LIFE PROCESSES

Earth is the only planet in our solar system that provides a suit-
able environment for life as we know it. Even our nearest plan-
etary neighbors, Mars and Venus, do not meet these requirements.
Maintenance of these conditions requires a constant recycling
of materials between the biotic (living) and abiotic (nonliving)
components of ecosystems.

The hydrologic cycle redistributes water

The path of water through our environment, known as. the
‘hydrologic cycle, is perhaps the most familiar material cycle, and
it is discussed in greater detail in chapter 17. Most of the earth’s
water i stored in the oceans, but solar energy continually evaporates
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1
top camivore
()

90,000
primary carnivores
©

200,000
herbivores
H

Grassland in summer

FIGURE 3.18 Usuall, smaller organisms are eaten by
larger organisms and it takes numerous small organisms to

feed one large organism. The classic study represented in this
pyramid shows numbers of indvicuals at each trophic level

per 1,000 m? of grassland, and reads like this: to support one
individualat the top camivore level, there wiere 90,000 primry
camnivores feeding upon 200,000 herbivores that in turn fed upon
1,500,000 producers.

Movement of maist air
from ocean to land
40,000 km*

Preciptation
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this water, and winds distribute water vapor around the globe. Water
that condenses over land surfaces, in the form of rain, snow, or fog,
supports all terrestrial (land-based) ecosysters (fig. 3.19). Living
organisms emit the moisture they have consumed through respira-
tion and perspiration. Eventually this moisture reenters the atmo-
sphere or enters lakes and streams, from which it ultimately returns
o the ocean again.

As it moves through living things and through the atmo-
sphere, water is responsible for metabolic processes within cells,
for maintaining the flows of key nutrients through ecosystems,
and for global-scale distribution of heat and energy (chapter 15).
‘Water performs countless services because of its unusual proper-
ties. Water s s0 important that when astronomers look for signs
of life on distant planets, traces of water are the key evidence
they seek.

Everything about global hydrological processes is awesome
inscale. Each year, the sun evaporates approximately 496,000 km*
of water from the earth’s surface. More water evaporates in the
tropics than at higher latitudes, and more water evaporates over
the oceans than over land. Although the oceans cover about
70 percent of the carth’s surface, they account for 86 percent of
total evaporation. Ninety percent of the water evaporated from
the ocean falls back on the ocean as rain. The remaining 10 per-
cent is carried by prevailing winds over the continents where it
s with water evaporated from soil, plant surfaces, lakes,

streams, and wetlands to provide a total continental precipitaion
of mm 111,000 km
What happens to the surplus water on land—the difference
between what falls as precipitation and what evaporates? Some of
itis incorporated by plants and animals into biological tissues. A
large share of what falls on land seeps into the ground to be stored
for a while (from a few days to many thousands of years) as soil
moisture or groundwater. Eventually, all the water makes its
way back downhill to the oceans. The 40,000 k'
- carred back to the ocean each year by surface run-
off o underground flow represents
the renewable supply available

iation
overland  Transpiration for human uses and sustain-
1,000 km?  from vegetationy
41,000 km?

ing freshwater-dependent
ccosystemms.

FIGURE 3.19 The
hydrologic cycle. Most
exchange oceurs with
evaporation from oceans
and precipitation back to
aceans. About one-tenth

land, is recycled through
torrestrial systems, and
eventually drains back to
oceans in rivers.

huapyfwwmbhe.comfeunningham| e

FIGURE 23.14 Adding more catle to tne Brazilian Cerrado
(savanna) increases profits for indvidual ranchers, but is bad for
biodiversity and environmental qualiy.

What Hardin was really describing, however, was an open
‘access system in which there are no rules to manage resource use.
In fact, many communal resources have been successfully man-
aged for centuries by cooperative arrangements among users.
Some examples include Native American management of wild
tice beds and hunting grounds; Swiss village-owned mountain
forests and pastures; Maine lobster fisheries; communal irigation
systems in Spain, Bali, and Laos; and nearshore fisheries almost
everywhere in the world.

large body of lterature in economics and social sciences
describes how these cooperative systems work. Among the fea-
res shared by communal resource management systems are
(1) community members have lived on the land or used the resource
for a long time and anticipate that their children and grandehil-
dren will as well, thus giving them a strong interest in sustaining
the resource and maintaining bonds with their neighbors; (2) the
resource has clearly defined boundaries; (3) the community group
size is known and enforced; (4) the resource is relatively scarce
and highly variable o that the community is forced to be interde-
pendent; (5) management strategies appropriate for local condi-
tions have evolved over time and are collectively enforced: that is,
those affected by the rules have a say in them; (6) the resource and
its use are actively monitored, discouraging anyone from cheating
or taking too much; (7) conflict resolution mechanisms reduce dis-
cord; and (8) incentives encourage compliance with rules, while
sanctions for noncompliance keep community members in line.

In some cases privatization leads to degradation of common
pool resources. Where smal villages have owned and managed
jointly held forests or fishing grounds for generations, priva
zation has led to shortsighted decision making, leading to rapid
destruction of both society and ecosystems. A tragic example
of this was the forced privatization of Indian reservations in the
United States. Where communal systems once enforced restraint
over harvesting, privatization encouraged narrow  self-interest.

dividuals making decisions for personal, near-term benefit,
many people chose to sell their resources to outsiders, who could
easily take advantage of the weakest members of the community.
Failing to recognize or value local knowledge and forcing local
people to participate in a market economy allowed outsiders to
disenfranchise native people an isastrous resource
exploitation. Distinguishing between open-access systems and
communal properly regimes s important in understanding how
best to manage natural resources.

Scarcity can lead to innovation

In a pioneer or frontier economy, methods for harvesting resources
and turning them into useful goods and services tend o be inef-
ficient and wasteful. The history of logging in the United States,
for example, is a classic case of inefficient resource exploitation.
Between about 1860 and 1930, the supply of American forests
was vast and unregulated. Logging companies cleared castern
states, then swarmed across the Great Lakes forests. As prime
timber in the northern forests was depleted. the companies sin-
ply shifted to the Rocky Mountains and the Pacific Northwest. At
each stage, logging wasted a vast amount of wood, but this inef-
ficiency seemed unimportant because the supply of trees was so
great. Labor, financial capital, and transportation to market were
the scarce resources,

Today our use of forest products is considerably more effi-
cient. We have smaller supplies and greater demand, and we have
developed better technology and methods that allow us to create
the same amount of goods and services using fewer resources.
Instead of using giant old-growth timbers for building, we use
laminated beams, chipboard, and other products that can be pro-
duced from what once was serap wood. We also require that log-
ging companies replant new forests after logging, because they
can o longer simply move on to a new region.

Scarcity often is a catalyst for innovation and change
23.15). As materials become more expensive and difficult to

n, it becomes cost-effective to discover new supplies or o use
available ones more efficiently. Several important factors play a
role in this cyele of technological developme

+ Technical inventions can increase efficiency of extraction,
processing, use, and recovery of materials

Substitution of new materials or commodities for scarce ones
can extend existing supplies or create new ones.

“Trade makes remote supplies of resources available and may
also bring unintended benefits in information exchange and
cultural awakening.

Discovery of new reserves through better exploration tech-
niques, more investment, and looking in new areas becomes
rewarding as supplies become limited and prices rise.

Recycling becomes feasible and accepted as resources
become more valuzble. Recycling now  provides about
37 percent of the iron and lead, 20 percent of the copper,
10 percent of the aluminum, and 60 percent of the antimony
that s consumed each year in the United States.
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FIGURE 23.12 Can we afford to restore biodiversity? It's harder to find money to restore ecosystems than to destroy them, but the

benefits over time greatly exceed the average cost of restoration.

are discussed in chapter 5. A 2003 economic study from Cam-
bridge University (U.K.) estimated that protecting a series of nature
reserves representing samples of all major biomes would cost
(U.S.) $45 billion per year, but would preserve ecological services
worth 100 times that cost—S$4.4 trillion to $5.2 tillion annually.

23.3 POPULATION, TECHNOLOGY,
AND SCARCITY

Despite changmg pespecives on s, mny analysts con-
tinue to ask n that worried Adam Smith and Thomas

Malthus (chxplc e e sbout 1 ot of et
resources? It stands (o reason that if we consume a fixed supply of
nonrenewable resources at a constant rate, eventually we'll use up
all the cconomically recoserable eserves, There have been many

dey
sooner or lter will resultin catastrophe. The dismal prospes of
and alife of misery, st

social decay inspire many people to call for immediate changes
o lower consumption rates. Historic observations have often fol-
Towed projections of resource depletion. The Hubbert curve, for
example, developed by Stanley Hubbert, has fairly accurately
described the peak and decline of U.S. oil supplies (fig. 23.13).

On the other hand, many economists contend that resource
supplies and demand are not rigidly fixed. Human ingenuity and
enterprise often allow us to respond to scarcity in ways that post-
pone or contradict dire warnings of collapse. In this section we
consider some of the arguments for and against limits to growth of
the global economy.

‘ommunal property resources are a classic
C 1 t 1
problem in ecological economics

In 1968 biologist Garret Hardin wrote an influential article e
tled “The Tragedy of the Commons.” He argued that any com-
monly held resource inevitably is degraded or destroyed because
the narrow self-interest of individuals tends to outweigh public
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interest. Hardin offered as a metaphor the common woodlands and
pastures held by most colonial New England villages. In deciding
how many catle to put on the commons, Hardin explained, each
villager would attempt to maximize his or her own personal gain.
Adding one more cow (o the commons could mean a substantially
increased income for an individual farmer. The damage done by
overgrazing, however, would be shared among all the farmers
(fig. 23.14). This is known s the “free rider” problem, where indi-

Hardin concluded that the only solutions would be either to give
coercive power to the government or to privatize the resource.

Hardin intended this parable to warn about human overpopu-
lation and overexploitation of resources. Other authors have used
his metaphor to explain such diverse problems as famines, air pol-
lution, or collapsing fisheries.

US. petroleum

USS. production

Patroleum (Gbbl per year)

FIGURE 23.13 United States petroleum production shows the
Hubbert curve. Dots indicate actual production. The shaded area
under the curve represents the estimated amount of economically
recoverable o, 220 Gbb (Gbbl = Gigabarels or billons of barrels).
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Carbon moves through the carbon cycle

Carbon serves a dual purpose for organisms: (1) it is a structural
component of organic molecules, and (2) the energy-holding
chemical bonds it forms represent energy “Storage.” The carbon
cyele begins with the intake of carbon dioxide (CO,) by photosyn-
thetic organisms (fig. 3.20). Carbon (and hydrogen and oxygen)
atoms are incorporated into sugar molecules during photosyn-
thesis. Carbon dioxide is eventually released during respiration,
closing the cycle. The carbon cycle is of special interest because
biological accumulation and release of carbon s a major factor in
climate regulation (Exploring Science, p. 68).

‘The path followed by an individual carbon atom in this cycle
may be quite direct and rapid, depending on how it is used in an
organism’s body. Imagine for a moment what happens to a simple
sugar molecule you swallow in a glass of fruit juice. The sugar
molecule is absorbed into your bloodstream where it is made
available to your cells for cellular respiration o for making more
‘complex biomolecules. If it is used in respiration, you may exhale
the same carbon atom as CO, the same day.

Can you think of examples where carbon may not be recy-
cled for even longer periods of time, if ever? Coal and oil are
the compressed, chemically aliered remains of plants or micro-
organisms that lived millions of years ago. Their carbon atoms
(and hydrogen, oxygen, nitrogen, sulfur, ete.) are not released
until the coal and oil are burned. Enormous amounts of carbon
also are locked up as calcium carbonate (CaCO,), used to build

Atmospheric CO,

shells and skeletons of marine organisms from tiny protozoans
1o corals. Most of these deposits are at the bottom of the oceans.
‘The world's extensive surface limestone deposits are biologically
formed calcium carbonate from ancient oceans, exposed by geo-
logical events. The carbon in limestone has been locked away for
millennia, which is probably the fate of carbon currently being
deposited in ocean sediments. Eventually, even the deep ocean
deposits are recycled as they are drawn into deep molten layers
and released via volcanic activity. Geologists estimate that every
carbon atom on the earth has made about thirty such round trips.
over the last 4 billion years.

How does tying up so much carbon in the bodies and by-
products of organisms affect the biosphere? Favorably. It helps bal-
ance CO, generation and utilization. Carbon dioxide is one of the
so-called greenhouse gases because it absorbs heat radiated from
the earth’s surface, retaining it instead in the atmosphere (see chap-
ter 15). Photosynthesis, accumulation of organic matier in soils
and wetlands, and deposition of CaCO; remove atmospheric car-
bon dioxide; therefore, expansive forested areas such as the boreal
forests, and the oceans are very important carbon sinks (storage
deposits). Cellular respiration and combustion both release CO,,
50 they are referred to as carbon sources in the cycle.

Presently, combustion of organic fuels (mainly wood, coal, and
petroleu products), removal of standing forests, and soil degradi-
tion are releasing huge quantites of CO; at rates that surpass the
pace of CO, removal, a problem discussed in chapters 15 and 16

Combuston (uman

Respision Respiration ~~and na

Phulnsymhesls

FIGURE 3.20 The carbon cycle. Numbers indicate approximate exchange of carbon in gigatons (GY) per year. Natural exchanges are
balanced, but human sources produce a net increase of CO, in the atmosphere.
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In Chesapeake Bay, primary productivity is
measured using water samples. This method
gives precise, accurate information, but it's
t00 (abor intensive for larger bodies of water.
What if you wanted to know about algal
blooms, or biological productivity in all the
world's estuaries? Measuring primary produc-
tivity essential for understanding ecosystem
health; knowing rates of primary productivity
is also key to understanding global material
questions about material cycles and biological
activity:

* Where are oceans affected by nutrient-
enriched algal blooms?

* Globally, how much carbon is stored by
plants? How does carbon capture differ
from the Arctic to the tropics? How does
this affect global climates (chapter 15)?

* In global nutrient cycles, how much nitro-
gen and phosphorus wash offshore, and

here?

One of the most important methods of
quantifying _biological productivity involves
remote sensing, or data colected from satellite
sensors that observe the energy reflected from
the earth’s surface.

Green plants appear green to us because
chlorophyll absorbs red and blue wavelengths
better than green, which it reflects more. Your
eye detects these green wavelengths. Green
plants also reflect near-infrared wavelengths,
which your eye cannot detect (see fig. 3.10). A
white-sand beach, on the other hand, reflects
large amounts of all light wavelengths that
each it from the sun, so it looks white (and
bright) to your eye. Most surfaces of the earth
veflect characterstic wavelengths in this way.
Dark-green forests with abundant chlorophyl-
vich leaves—and ocean surfaces rich in photo-
synthetic algae and plants—reflct greens and
near-infrared wavelengths. Dry, brown forests
with litle active chlorophyll reflect more red

Remote Sensing, Photosynthesis,

Near-infrared

Percent reflectance
&

[
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FIGURE 1 Eneray wavelengths reflected by green
and brown leaves

and less infrared eneray than do dark-green for-
ests (fig. 1).

To detect and-cover patterns on the eath's
surface, we can put 2 sensor on a satel
orbits the earth. As the satelite travels, the
sensor takes “snapshots” and trnsmits them to
earth. One of the best known earth-imaging sat-
elites, Landsat 7, produces images that cover
an area 185 km (115 mi) wide, and each pxel
represents an area of just 30 X 30 m on the
ground. Landsat orbits approximately from pole
o pole, 50 2s the earth spins below the satel-
lite, it captures images of the entie surface
every 16 days. Another satelite, SeallTF, vas
designed mainly for monitoring biological actv-
ity in oceans (fg. 2). SeaHIFS follows a path
similar to Landsat’s but it revisits each point on
the earth every day and produces images with a
pixel resolution of just over 1 k.

Since satellites detect a much greater range
of wavelengths than our eyes can, they are able
to monitor and map chlorophyll abundance. In

and Material Cycles

FIGURE 2 SealIFS image showing chlorophyll abun-
dance in aceans and plant gronth on land (normal-
ized difference vegetation index).

oceans and bays, this is an essential indicator
of ecosystem health. Primary productivity i also
a measure of carbon dioxide uptake. Climatolo-
gists are working to estimate the role of ocean
ecosystems in moderating climate change: for
example, they can estimate the extent of bio-
mass production in the cold, oxygen-rich waters
of the North Atlantic (fig. ). Oceanographers
can also detect near-shore areas where nutrients
washing offthe land surface fertiize marine eco-
systems and stimulate high productivity, such as
near the mouth of the Amazon or Mississippi
Rivers. Monitoring and mapping these patters
helps us estimate human impacts on nutrient
flows (figs. 3.21, 3.23) from land to sea.

Nitrogen is not always biologically available

As the opening case study of this chapter shows, nitrogen often
i one of the most important limiting factors in ecosystems. The
complex interrelationships through which organisms exchange
this vital element help shape these biological communities.
Organisms cannot exist without amino acids, peptides, nucleic
acids, and proteins, all of which are organic molecules containing

6 CHAPTER 3 Matter, Energy, and Li

nitrogen. The nitrogen atoms that form these important molecules
are provided by producer organisms. Plants assimilate (take up)
inorganic nitrogen from the environment and use it to build their
own protein molecules, which are caten by consumer organisms,
digested, and used to build their bodies. However, the most abun-
dant form of nitrogen, Ny gas (which makes up about 78 percent
of the atmosphere), is too stable to be broken up and used by
plants.
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c power in 2010 was about 9.5 ¢/kWh, or just half of
the externalized costs. In other words, the real cost was about
wiple the price paid for electricity (fig. 23.10).

High and low estimates were also calculated in this study, to
account for uncertainties in the data. These suggested that the pub-
lic absorbs about 9¢ to 28¢ for every kWh of coal-based electri
ity. This study focused on coal because it i the world's dominant
source of electric power, but similar accounting could be done for
any power source or economic activity.

Accounting for all costs should make production more effi-
cient, because an accurate price can help the public make more
informed decisions. In general, the cost of cleaning up a power
plant usually is lower than the cost of health care and lost pro-
ductivity. In economic terms, the extra costs of illness and eny
ronmental damage are “market inefficiencies” they represent
inefficient overall use of resources (money, time, energy, materi-
als) because of incomplete accounting of costs and benefits

Ecosystem services include provisioning,
regulating, and aesthetic values

Ecosystem services is a general term for the resources provided
and waste absorbed by our environment. These services are often
‘grouped into four general classes (table 23.2): regulation (of cli-
mate, water supplies, and other factors). provision (of foods and

other resources), supporting or preserving (of crop pollinators,
@ nutrient cycling), and aesthetic or cultural benefits (fig. 23.11).

Although many ecological processes have no direct mar-
ket value, we can estimate replacement costs, contingent values,
shadow prices, and other methods of indirect assessment to deter-
mine a rough value. For instance, we now dispose of much of our
wastes by letting nature detoxify them. How much would it costif
we had (0 do this ourselves?

Estimates of the annual value of all ecological goods and ser-
vices provided by nature range from $16 willion to $54 tillion,
with a median worth of $3 trillion, or about three-fourths the com-
bined annual GNP of all countries in the world (table 23.3). These
estimates are lower than the real value because they omit ecosystem
services from several biomes, such as deserts and tundra, that are
poorly understood in terms of their economic contributions.

Table 23.2 Important Ecological Services

1. Regulate global energy balance; chemical composition of the
atmosphere and oceans; local and global climate; water catchment
and groundwater recharge; production, storage, and recycling
of organic and inorganic mterials; maintenance of biological
diversity.

2. Provide space and suitable substrates for human habitation, crop
cultivation, eneray conversion, recreation, and nature protection.

3. Produce oxygen, fresh water, food, medicine, fuel, fodder,
fertilize, building materials, and industrial inputs.

4. Supply aesthetic spiritua, historic, culturl, artistic scintific
and educational opportunities and information.

Sources . . de oot Ivesting i atural Cpial, 1995

FIGURE 23.11 We rely on ecosystem senvices to provide
resources; they also regulate our environment and support essen-
tial biogeochemical processes that support lfe.

Accounting for ecosystem services is a focus of several global
initiatives on sustainable development. A UN program called The
Economics of Ecosystems and Biodiversity (TEEB) has been
working to improve estimates of the value of ecosystem ser-
vices. TEEB studies have shown that preserving ecosysiems i far
more cost-effective than using up their resources. Even restoring
already-damaged ecosystems has enormous paybacks (fig. 23.12)
Calculating a price for carbon storage in natural ecosystems has
been the aim of REDD (Reducing greenhouse gas Emissions
through Deforestation and Degradation) programs. These efforts

Table 23.3 Estimated Annual Value
of Ecological Services

Value
Ecosystem Services (Triltion $U.S.)
Soil formation 17.1
Recreation 30
Nutrient cycling 23
Water regulation and supply 23
Climate regulation (temperature and precipitation) 18
Habitat 14
Flood and storm protection 11
Food and raw materials production 08
(Genetic resources 0.8
Atmospheric gas balance 07
Pollination 04
Al other services 16
Total value of ecosystem services 333

Source: Adapted from R, Costana et L., “Th Value of the Word's Eosysten Sevces
and NatualCapital,” Hour, Vol 387 (1997,
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FIGURE 3.21 The  Lighing and vocances (10T
Human

sources of nitrogen
fixation (conversion of
molecular nitrogen to
‘ammonia or ammo-
nium) are now about
50 percent greater than
natural sources. Bacte-
ria convert ammona to
nitrates, which plents
use to create organio
nitrogen. Eventuall,
nitrogen is stored in
sediments o converted
back to molecular niro-
gen(1Tg=10"g)

How, then, do green plants get nitrogen? The answer lies
in the most complex of the gaseous cycles, the nitrogen eyele.
Figure 321 summarizes the nitrogen cycle. The key natural
processes that make nitrogen available are carried out by nitrogen-
fixing bacteria (including some blue-green algae or cyanobacte-
ria). These organisms have a highly specialized ability to “fix”
nitrogen, meaning they change it to less mobile, more useful
forms by combining it with hydrogen to make ammonia (NH;).
ther bacteria combine the NH; with oxygen, forming
nitrite (NO, ), then nitrate (NO5 ), which can be absorbed and used
by green plants. After nitrtes have been absorbed into plant cells,
they "), which i i
acids that become the building blocks for peptides and proeins.
Members of the bean family (legumes) and a few other
Kinds of plants are especially useful in agriculture because they
have nitrogen-fixing bacteria actually living in their root tissues
(fig. 3.22). Legumes and their associated bacteria enrich the
soil, so interplanting and rotating legumes with crops such as
corn that use but cannot replace soil nitrates are beneficial farm-
ing practices that take practical advantage of this relationship.
Nitrogen leaves an organism and reeners the environment
in several ways. The most obvious path is through the death of
organisms. Their bodies are decomposed by fungi and bacteria,
releasing ammonia and ammonium ions, which then are available
for nitrate formation. Organisms also release proteins when plants
shed their leaves, needles, flowers, fruits, and cones; or when
animals shed hair, feathers, skin, exoskeletons, pupal cases, and
silk, excrement, or urine, all of which are rich in nitrogen. Urinary
wastes are especially high in nitrogen because they contain the
detoxified wastes of protein metabolism. All of these by-products
of living organisms decompose, replenishing soil fertlity

In oxygen-poor conditions, denitrifying bacteria may con-
vert nitrate (NO ) into Ny and nitrous oxide (N;0), both gaseous
forms that return to the atmosphere. Denitrification occurs mainly
in waterlogged soils that have low oxygen availability and a high
amount of decomposable organic matter. Because wetlands lose
50 much nitrogen 1o the atmosphere, carnivorous plants often
occur in wetlands. These plants acquire nitrogen by capturing and
decomposing insects in their leaves.

FIGURE 3.22 The roots of this bean plant are covered with
bumps called nodules. Each nodule is a mass of root tissue con-
taining many bacteria that help to convert nitrogen i the soil to
aform the bean plants can assimilate and use to manufacture
amino acids.
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In recent years, humans have profoundly altered the nitrogen
cycle. By using synthetic fertlizers, cultivating nitrogen-fixing
soybeans and other crops, and burning fossil fuels, we have more
than doubled the amount of nitrogen cycled through our
‘global environment. As you are aware, this excess nitrogen
put destabilizes rivers, lakes, and estuaries. In terrestrial sys-
tems, nitrogen enrichment encourages the spread of weeds into
areassuchas s, wheodve phn\s adapled 1o nitrogen-poor
oorly against quick-responding weeds. In

addition, N0 is an important greenhouse gas.

Phosphorus is an essential nutrient

Minerals become available to organisms after they are released
from rocks. Two minerals of particular significance to organisms
are phosphorus and sulfur. Phosphorus is a primary ingredient in
fertilizers. Why? At the cellular level, energy-rich, phosphorus-
containing compounds, such as ATP, are primary participants in
energy-transfer reactions. Phosphorus is also a key component of
proteins, enzymes, and tissues. The amount of available phospho-
rus in an environment can, therefore, have a dramatic effect on
productivity. Abundant phosphorus stimulates lush plant and algal
‘growth, making it a major contributor to water pollution.

‘The phosphorus cyele (fig. 3.23) is not really a cyele on the
time scale of the other cycles discussed here, because phosphorus
has no atmospheric form. Instead, phosphorus travels gradually
downstream, as it i leached from rocks and minerals, taken up by
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the food web, and eventually released into water bodies that deliver
it to the ocean. Phosphorus may cycle repeatedly through the food
web, as inorganic phosphorus is taken up by primary producers
(plants), incorporated into organic molecules, and then passed on
o consumers. Eventually, phosphorus washes down river to the
ocean. Deep sediments of the oceans are significant phosphorus
sinks of extreme longevity. Over geologic time, these deposits may
be uplifted into mountains o continents, where they become avail-
able to terrestrial life again. Phosphate ores that now are mined to
make detergents and inorganic fertilzers represent exposed ocean
sediments that are millions of years old. As with nitrogen, we have
dramatically accelerated the movement of phosphorus in our envi-
ronment. Aquatic ecosystems often are dramatically affected, a
excess phosphates stimulate explosive growth of algae and photo-
synthetic bacteria populations, upsetting ecosystem stability.

Sulfur is both a nutrient and an acidic pollutant

Sulfur is a minor but essential component of proteins, so it is
important to living organisms. Sulfur compounds are important
determinants of the acidity of rainfall, surface water, and soil.
Most of the earth’s sulfur is tied up underground in rocks and
minerals such as iron disulfide (pyrite) or calcium sulfute (gyp-
sum). This inorganic sulfur is released into air and water by
weathering, emissions from deep seafloor vents, and by volcanic
eruptions (fig. 3.24).

“The sulfur cycle is complicated by the large number of oxi-
dation states the element can assume, including hydrogen sulfide
(H,S), sulfur dioxide (S0, sulfate ion (SO, ), and sulfur, among
others. Inorganic processes are responsible for many of these
transformations, but living organisms, especially
bacteria, also sequester sulfur in biogenic
deposits or release it into the envi-
ronment. Which of the several
s of sulfur bacteria pre-
vail in any given situation
depends on oxygen con-
centrations, pH, and light
levels

FIGURE 3.23 The
phosphorus cycle. Natural
movement of phosphorus

is slight, involving recycling
‘within ecosytems and some
erosion and sedimentation of
phosphorus-bearing rock. Use
of phosphate (PO, ) fertiizers
and cleaning agents increases
phosphorus in aquatic sys-
tems, causing eutrophication.
Units are teragrams (Tg) phos-
phorus per year.

sediments
'Ibeoomem!( 19Ty
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‘how much more profit could I make?” Buyers ask themselves sim-
ilar questions, “How much would I benefit and what would it cost
if 1 bought one more widget?” If both buyer and seller find the
marginal costs and benefits attractive, a sale i made.

‘There are exceptions to this theory of supply and demand.
Consumers will buy some things regardless of cost. Raising
the price of cigarettes, for instance, doesn't necessarily reduce
demand. We call this price inelasticity. Other items have price
elasticity: they follow supply/demand curves exactly. When price
‘goes up, demand falls and vice versa.

Neoclassical economics emphasizes growth

Toward the end of the nineteenth century, the field of econom-
ics divided into two broad camps. Political economy contin-
ued the tradition of moral philosophy and concerned itself with
social structures and relationships among the classes. This group
included reformers such as Karl Marx and later E. F. Schumacher,
who argued that unfettered capital accumulation inevitably leads
10 inequity, which leads to instability in society. The other camp,
called neoclassical economics, strove (0 adapt methods of mod-
em science, and to be mathematically rigorous, noncontextual,
abstract, and predictive. Neoclassical economists claim to
objective and value-free, leaving social concerns to other disci-
plines. Like their classical predecessors, they retain an emphasis
on scarcity and the interaction of supply and demand in determin-
ing prices and resource allocation (fig. 23.8).

Constant economic growth is considered necessary and desir-

able, in the neoclassical view. Growth keeps people happy by
Qalwnys offering more income or goods than people had last
year. Ina growing population, economic growth s seen as the only
way to maintain full employment and avoid class conflict arising
from inequitable distribution of wealth. Growth is also essential

T

r Circular flow Workers/
Business pefonil

consumers

Factors of production
(land, labor, capital)

FIGURE 23.8 The neoclassical model of the economy
focuses on the flow of goods, services, and factors of production
(land, labor, capital) between business and individual workers and
‘consumers. The social and environmental consequences of these
relationships are irrelevant in this view.

because businesses borrow resources to operate and grow. Few
Tenders are willing 1o share their money without a promise of
greater returns later. Thus businesses must continue to expand in
order to increase profits and maintain the confidence of sharehold-
ers, whose money they are using to run their operations.

John Stuart Mill (1806-1873), a classical economist and phi-
Tosopher, argued that perpetual growth in material well-being is nei-
ther possible nor desirable. Economies naturally mature to a steady
state, he proposed, leaving people free to pursue nonmmnansuc
‘goals. He didn’t regard this equilibrium state to be necessarily on

of stagnation or poverty. Instead, he wrote that in a stable economy,
“There would be as much scope as ever for all kinds of mental cul-
tare, and moral and social progress; as much room for improving
the art of living, and much more likelihood of its being improved
when minds cease to be engrossed by the art of gefting on”

Some neoclassical economists point out that not all growth
involves increased resource consumption and pollution. Growth
based on education, entertainment, and nonconsumptive act
as suggested by Mill can still contribute to economic expansion.

Neoclassical economics tends to view natural resources as
interchangeable. As one resource becomes scarce, neoclassical
economists believe, substitutes will be found. Labor is also sub-
stitutable. Because materials and labor are substitutable, they are
not considered indispensable. Debates about the nature of growth,
consumption, and resource scarcity run through recent develop-
ments in economics, including environmental economics, the con-
cept of a steady-state economy, and sustainable development.

23.2 EcovrocicaL EcoNomics

Classical and neoclassical economics shape most of our economic
activities, but the externalized costs and social inequity of
these approaches have led to an interest in new ways to eval-

uate economic progress. Ecological economics has emerged as a
way to understand the relationship between our economy and the
ecological systems that support it. These economists point out that
even Adam Smith wrote that the profit motive is good at guiding
decision making in the short term, but it is ill-suited to long-term
decision making. Ecological economists argue that we need to
improve our long-term decision making, if we intend to be here
for the long term.

Ecological economists have followed two main approaches to
resolving the short view of conventional economics: One approach
is 10 questio the necessity of constant growth. Another is [0 iden-
tify externalities and calculate their costs. If we know these costs,
we can make the price reflect the total costs of production, or we
can reduce those costs by changing the ways we make things.

i iesd logieal h

tems (chapter 2), thermodynamics, and material cycles (chapter 3).
Inasystem, all components are interdependent. Disrupting one com-
ponent (such as climate conditions) risks destabilizing other compo-
ments (such as agricultural production) in unpredictable and possibly
catastrophic ways. Thermodynamics and material cycles teach that
energy and materials are continually reused. One organism'’s wasle
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FIGURE 23.6 Informal markets such as this one in Bal,
Indonesia, may be the purest example of willing sellers and buyers
seting prices based on supply and demand.

Classical economics examines

supply and demand

Classical economics originally was a branch of moral philosophy
concemed with how individual interest and values intersect with
larger social goals. We trace many of our ideas about economy to
Adam Smith (1723-1790), a moral philosopher concerned with
iidual freedom of choice. Smith's landmark book Inguiry into
the Nature and Causes of the Wealth of Nations, published in 1776,
argued:

Every individual endeavors to employ his capital so that
its produce may be of the greatest value. He generally
neither intends to promote the public interest, nor knows
how much he is promoting it. He intends only his own
security, only his own gain. And he is in this led by an
invisible hand to promote an end which was no part of his
intention. By pursuing his own interests he frequently pro-
motes that of society more effectually than when he really
intends to

This statement often is taken as justification for the capital-
system, in which willing sellers and fully informed buyers
agree on a fair price for goods in the market. Smith proposed
that this agreement would bring about the greatest efficiency of
resource use, because efficiency is necessary to produce goods
at an acceptably low price. Assuming that all buyers and sellers
are free to make any choice, this system also ensures individual
liberty (fig. 23.6). The British economist John Maynard Keynes
summarized faith in free markets and pricing this way: “Cay
talism is the astounding belief that the most wickedest of men
will do the most wickedest of things for the greatest good of
everyone.”

Ina real market, producing goods at a low cost often requires
that some cosls are externalized, or passed off to someone
else. Environmental costs and social costs are often supported
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by communities. For example, producing electricity at a power
plant requires a stable and educated work force to run the plant,
and the cost of educating workers normally is borne by society
in general. Transportation networks, mining and oil drilling, and
insurance costs are often supported by the public. Tax breaks
also represent a subsidy because they transfer costs from a com-
pany to other sectors of society. Producing electricity also usu-
ally involves some pollution, and a power company allows the
public to absorb the cost of that pollution (such as health care or
reduced crop production). All these costs are involved in produc-
ing and selling elecricity, but they are external to the company's
cost calculations. Many economists, both conservative and lib-
eral, argue that subsidies are a problem because they mask the
real costs of production and lead to inefficiency in our economy.

David Ricardo (1772-1823), a contemporary of Adam Smith,
introduced a description of the relationship between supply and
demand in economics. Demand is the amount of a product or ser-
vice that consumers are willing and able to buy at various possible
pri they are free
the quantity of that product being offered for sale at various prices,
other things being equal. Classical economics proposes that there is
adirect, inverse relationship between supply and demand (fig. 23.7).
With increasing quantity of production, supply increases and prices
fall. With decreasing quantity,prices rise and demand falls. The dif-
ference by the costof production and the price b will-

ing to pay, Ricardo called “rent.” Today we call it profi

n 4 free market of independent and rational buyers and sell-
ers, an optimal price is achieved at the intersection of the supply
and demand curves (fig. 23.7). This intersection is known as the
market equilibrium. In reallfe, prices are not determined strictly
by total supply and demand as much as by what economists called

i benefits. Sellers a s, “What would
it cost to produce one more unit of this product or service? Suppose
T add one more worker or buy an extra supply of raw materials,

High
: Supply
o Market
g equilibrium
= (ME)
Demand
Low
v ——— High

Quantity

FIGURE 23.7 Olassic supply/demand curves. When
price is low, supply is low and demand is high. As prices fise,
supply increases but demand falls. Market equilirium s the
price at which supply and demand are equal,
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FIGURE 3.24 The
sulfur cycle. Sulfuris
present mainly in rocks,
soi, and water. It cycles
through ecosystems

when it s taken in by Geologlo g
organisms, Combustion Upweling I grouncwater
of fossil fuels causes Wining and foss1fusl buming

increased levels of
atmospheric sulfur com-
pounds, which create
problems related to acid
precipitation.

Human activities also release large quantities of sulfur,
primarily through burning fossil fuels. Total yearly anthropo-
genic sulfur emissions rival those of natural processes, and acid
rain caused by sulfuric acid produced as a result of fossil fuel
use is a serious problem in many areas (see chapter 16). Sul-
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Inorgaric sulur (§) ‘7;3'
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fur dioxide and sulfate acrosols cause human health problems,
damage buildings and vegetation, and reduce visibility. They
also absorb UV radiation and create cloud cover that cools
cities and may be offsetting greenhouse effects of rising CO,
concentrations.

CONCLUSION

Matter is conserved as it cycles over and over through ecosys-
tems, but energy is always degraded or dissipated as it s trans
formed or transferred from one place to another. These laws
of physics and thermodynamics mean that elements are
continuously recycled, but that living systems need a constant
supply of external energy to replace that lost to entropy. Some
extremophiles, living in harsh conditions, such as hot springs
or the bottom of the ocean, capture energy from chemical
reactions. For most organisms, however, the ultimate source
of energy is the sun. Plants capture sunlight through the pro-
cess of photosynthesis, and use the captured energy for meta-
bolic processes and to build biomass (organic material).
Herbivores eat plants to obtain energy and nutrients, cami-
vores eat herbivores or each other, and decomposers et the
waste products of this food web,

‘This dependence on solar energy is a fundamental limit for
most life on earth. It's estimated that humans now dominate
roughly 40 percent of the potential terrestrial net productivity
We directly eat only about 10 percent of that total (mainly

because of the thermodynamic limits on energy transfers in food
webs), but the crops and livestock that feed, clothe, and house us
represent the rest of that photosynthetic output. By dominating
nature, as we do, we exclude other species.

While energy flows in a complex, but ultimately one-way
path through nature, materials are endlessly recycled. Five of the
major material cycles (water, carbon, nitrogen, phosphorus, and
sulfur) are summarized in this chapter. Each of these materials is
ritically important to living organisms. As humans interfere with
these material cycles, we make it easier for some organisms to
survive and more difficult for others. Often, we're intent on
manipulating material cycles for our own short-term gain, but we
don’t think about the consequences for other species o even for
ourselves in the long-term. An example of that is the carbon cycle.
Our lives are made easier and more comfortable by burning fossil
fuels, but in doing so we release carbon dioxide into the atmo-
sphere, causing global warming that could have disastrous results
Clearly, it’s important (o understand these environmental systems
and to take them into account in our public policy.
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REVIEWING LEARNING OUTCOMES

By now you should be able to explain the following points:

3.1 Describe matter, atoms, and molecules and give simple exam-
ples of the role of four major kinds of organic compounds in
living cells.

+ Mater is made of atoms, molecules, and compounds.

Chemical bonds hold molecules together.

« lons react and bond to form compounds.
« Organic compounds have a carbon backbone.
+ Cells are the fundamental units of life.
3.2 Define energy and explain how thermodynamics regulates
ecosystems.
« Energy occurs in many forms.
« Thermodynamics regulates energy transfers.
3.3 Understand how living organisms capture energy and create
organic compounds.
« Extremophiles gain energy without sunlight

« Green plants get energy from the sun.
« Photosynthesis captures energy: respiration releases that energy.
3.4 Define species, populations, communities, and ecosystems,
and summarize the ecological significance of trophic levels.
« Ecosystems include living and nonliving parts
« Food webs link species of different trophic levels.
« Ecological pyramids describe trophic levels.
3.5 Compare the ways that water, carbon, nitrogen, sulfur, and
phosphorus cycle within ecosystems.
« The hydrologic cycle redistribues water.

+ Carbon moves through the carbon cycle.

« Nitrogen is not always biologically available
« Phosphorus is an essential nutrient.

Remote sensing helps asssess photosynthesis and material cycles.
+ Sulfur is both a nutrient and an acidic pollutant.

PRACTICE QUIZ

. Define atom and element. Are these terms interchangeable?
Your body contains vast numbers of carbon atoms. How is
it possible that some of these carbon atoms may have been
part of the body of a prehistoric creature?

-

3. What are six characteristis of water that make it 50 valuable
for living organisms and their environment?

=

In the biosphere, matter follows a circular pathway while
energy follows a linear pathway. Explain.

5. The oceans store a vast amount of heat, but (except for cli-
mate moderation) this huge reservoir of energy is of litle
use to humans. Explain the difference between high-quality
and low-quality energy.

B

Ecosystems require energy to function. Where does this
energy come from? Where does it go? How does the flow of
energy conform to the laws of thermodynamics?

. Heat is released during metabolism. How is this heat useful
1o a cell and to a multicellular organism? How might it be
detrimental, especially in a large, complex organism?
Photosynthesis and cellular respiration are complementary
processes. Explain how they exemplify the laws of conserva-
tion of matter and thermodynamics.

9. What do we mean by carbon-fixation or nitrogen-fixation? Why
i it important to humans that carbon and nitrogen be “fixed”?

s

. The population density of large carnivores is always very
small compared to the population density of herbivores occu-
pying the same ecosystem. Explain this in relation to the
concept of an ecological pyramid

A species is a specific kind of organism. What general char-
acteristics do individuals of a particular species share? Why
i it important for ecologists to differentiate among the vari-
ous species in a biological community?

CRITICALTHINKING AND DISCUSSION QUESTIONS

If your dishwasher detergents contained phosphorus, would
you change brands? Would you encourage others to change?
Why or why not?

“The laws of thermodynamics are sometimes summarized as
“you can’t get something for nothing.” and “you can’t even
break even.” Explain these ideas.

“The ecosystem concept revolutionized ecology by introduc-
ing holistic systems thinking as opposed 1o individualistic
life history studies. Why was this a conceptual breakthrough?

7 CHAPTER 3 Matter, Energy, and Life

4. If ecosystems are so difficult to delimit, why is this such a
persistent concept? Can you imagine any other ways to
define or delimit environmental investigation?

5. Choose one of the material cycles (carbon, nitrogen, phos-
phorus, or sulfur) and identify the components of the cycle
in which you participate. For which of these components
would it be easiest to reduce your impacts?
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FIGURE 23.3 Nonrenewable resources, such as the ol
from this forest of derticks in Huntington Beach, Calffornia, are
irreplaceable. Once they're exhausted (as this oil field was half a
‘century ago) they will never be restored on a human time scale,

Renewable resources are things that can be replenished
o replaced. These include living organisms, fresh water from
rain and snow, and sunlight—our ultimate energy source. These
systems also provide essential ecological services on which we
depend, although most of us don't think of these resources very
often (fig. 23.4). We discuss these ideas further in section 23.2.

Because biological organisms and ecological processes are
self-renewing, we often can harvest surplus organisms or take
advantage of ecological s without diminishing future avail-
ability, if we do so carefully. Unfortunately, our stewardship of
these resources often is less than ideal. Even once vast biologi-
cal populations such as passenger pigeons, American bison, and
Atlanic cod, for instance, were exhausted by overharvesting in
only a few years. Similarly, we are now reducing renewable water
resources (from rainfall) in many regions by modifying the climate
system. This modification of a renewable resource is leading to
drought and reduced crop production in dry regions (chapter 15).
Mismanagement of renewable resources, then, often makes them
more ephemeral and limited than nonrenewable resources.

We also depend on intangible resources, such as open space,
beauty, serenity, wisdom, and diversity (fig. 23.5). Paradoxically,
these resources can be both infinite and exhaustible. There is no
upper limit 1o the amount of beauty, knowledge, or compassion
that can exist in the world, yet they can be easily destroyed. A
single piece of trash can ruin a beautiful vista, or a single cruel
remark can spoil an otherwise perfect day. On the other hand,
unlike tangible resources that usually are reduced by use or shar-
ing, intangible resources often are increased by use and multiplied
by being shared. Nonmaterial assets can be important economi-
cally. Information management and tourism—both based on
intangible resources—have become two of the largest and most
powerful industries in the world.

Another term used to describe resources is capital, or wealth
that can be used to produce more wealth. Usually capital refers

FIGURE 23.4 Nature provides essential ecological senvices,
such as the biological productivity, water storage and purification,
and biodiversity protection in this freshwater marsh and its sur-
rounding forest. lronically, while biological resources are infntely
renewable, if they re damaged by our actions they may be lost
forever.

to something that has been built up or accumulated over time.
ere can be many forms of capital. Microlending, as described
in the opening case study, provides financial capital (money) that
small businesses need to start or grow. Economists also consider
and technology),
natural capital (goods and services provided by nature), human or
cultural capital (knowledge, experience, and ideas about how to
make or do things), and even social capial (shared values, trus,
cooperative spirit, and community organization). Al these kinds of
capital may be needed to produce marketable goods and services.

FIGURE 23.5 Scenic beauty, soltude, and relatively
untouched nature, as in this Colorado wilderness, are treasured
by many people but are hard to evaluate in economic terms
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23.1 PERSPECTIVES oN THE ECONOMY

Econ of resources, ideally to meet our needs

as efficiently 15 possible, The terms ecology and economy share
a common root, oikos (ecos), the Greek word for “household."
Economics is the nomos, or counting, of the houschold resources.
Ecology is the logos, or logic, of how the household works.

Much of our economy involves using natural resources, such
as oil, wood, or iron, to produce goods. Some resources are renew-
able, others are not. Ideas and actions also generate economic
activity. Musicians, for example, support an industry based largely
onideas, culture, and knowledge. Economics involves choices and
trade-offs, because we don’t have unlimited abilities to produce
goods. Understanding the balance of costs and benefits of these
choices s a concern for economists (fig. 23.2). Investing money in
a Kiva loan, for example, has a low cost (just a few dollars), and
a small financial benefit (interest on a few dollars). The potential
benefits to society are tremendous, however, making it easy for
many people to decide to make a Kiva loan

Can development be sustainable?

Environmental economics, like environmental science, tends
0 ask questions about long-term resource use: Are we using
resources efficiently? Are the costs of our resource use reflected
inthe prices we pay for goods? Are there altenative strategies that

FIGURE 23.2 Bread or bulets? What are the costs and
benefits of each? And what are the trade-offs between them?
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Table 23.1 Goals for Sustainable Natural
Resource Use

* Harvest rates for renewable resources (those like organisms that
vegrow or those lke fresh water that are replenished by natural
processes) should not exceed regeneration rates.

* Waste emissions should not exceed the abilty of nature to
assimilate or recycle those wastes.

+ Nonrenewable resources (such as minerals) may be exploted by
humans, but only at rates equal to the creation of renewable
substitutes.

could help us produce goods and services with fewer resources?
Does our use of resources limit the opportunities of others—either
future generations o peaple in other regions—to lead healthy and
productive lives?

One of the most important questions in environmental sci-
ence is how we can continue to improve human welfare within
the limits of the earth’s natural resources and biological systems.
Development means improving people’s lives, usually through
increased access to goods (such as food) or services (such as
education). Sustainability means living on the earth’s renewable
resources without damaging the ecological processes that support
us all (table 23.1). Sustainable development is an effort to marry
these two ideas. A definition developed by the World Commission
on Environment and Development in 1987 is that “sustainable
development is development that meets the needs of the present
without compromising the ability of future generations to meet
their own needs.

Is this possible? Not at our present population and rates of
‘consumption. Some observers insist that there is no way that more
people can live at  high standard of living without irreversibly
degrading our environment, Others say that as natural resources
become scarce, we will simply find alternatives. Sill others argue
that there’s enough for everyone if we can just share equitably
and consume less. Much of this debate depends on how we define
resources and economic growth

R bl bl

can be or

A resource is anything with potential use in creating wealth or
giving satisfaction. Natural resources can be either renew-
able or nonrenewable. In general, nonrenewable resources

are materials present in fixed amounts in the environment, espe-
cially earth resources such as minerals, metals, and fossil fucls
(fig. 23.3). Many of these resources are renewed or recycled over
geological time, as are oil and coal, but on a human time scale
they are not renewable. Predictions abound that we are in immi-
nent danger of running out of one or another of these exhaustible
resources. Supplies of metals and other commodities, however,
have frequently been extended by more efficient use, recycling,
substitution of one material for another, or new technologies that
can extract resources from dilute or remote sources.
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!.nalysis. Inspect the Chesapeake’s Report Card
s

You know that nutrients are an important concern in the Chesa-
peake Bay watershed in general, but now you can examine
the details and see how conditions have changed. Go to ww
s site is maintained by
the University of Maryland and the National Oceanic and Atmo-
spheric Administration (NOAA), with support of many collabora-
tors and data providers.

Chlorophyll is something you've read about in this chapter.
Concentrations of chlorophyll in Lh:snpeakc Bay mmcale
amounts of tiny floating algae cells—algae
nitrogen and phosphorus from onshore sources lnke a \ock
at chlorophyll-a levels in the bay: roll your mouse over the
Indicators and Indices, and click on the “chlorophyll-a” icon
(this is one of several kinds of chlorophyll).

‘Take a few minutes to look at the Threshold map, as well as
the definitions to answer the questions below.

eco-check org/reportcard/chesapeake. 1

What is chlorophyll-a used to measure? What factors
increase the amount of chlorophyll-a in the water?

‘This map shows areas exceeding healthy levels (thres|
olds) of chlorophyll. Thresholds differ from fresh to salty
parts of the estuary, and by season. Are excessivly high
Tevels detected in much of the bay, or in small areas?

3. How many sampling points were used to produce this
map? Were the stations sampled just once? Why or why
not?

=

Refer to the map in the opening case study. Which states
border the bay? Where is Washington D.C. relative to
the chlorophyll measurements on the map?

Now look at the Trends Graph tab. Overall would you
say that the trend has been an improvement since 19867
‘Turn on and off the different tributary rivers (different

colored boxes below the graph). Which one has had the
Towest score in general? Where is the worst one located?
Refer to your chapter, and explain what chlorophyll needs
o perform photosynthesis. Why are nitrogen and phospho-
rus needed for plant growth?

Choose one other indicator (such as the Biotic Index or
Dissolved Oxygen) from the drop-down menu. Explain
what that index is, and why it is useful as an indicator of
water quality.

The EcoCheck website provides a wealth of water quality date.

For Additional Help in Studying This Chapter, pesse it our iebste s

fasncarcs, (Google Eath™ mapping, and an exensive
reacing s, allof which w hep you eam environmental scence.
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“The relatively young and barren volcanic islands of th
Galépagos isolated from South America by strong,
cold curtents and high winds, have developed a
remarkable community of unique plants and animals.

Learning Outcomes

Afier studying this chapter, you should be able to:
4.
4.

Describe how evolution produces species diversity.
Discuss how species interactions shape biological
communi

&

Summarize how community properties affect species
and populations.

Explain why communities are dynamic and change
over time.

I

Evolution, Biological
Communities, and

Species Interactions

“When [ view all beings not as special
creations, but as lineal descendents of
some few beings which have lived long
before the first bed of the Cambrian
system was deposited, they seem to me
to become ennobled.” - Charles Darwin

Case Study Loans That Change Lives

Ni Made is a young mother of two.
children who lives in a small Indo-
nesian village. Her husband is a day
laborer who makes only a few dol-
lars per day—when he can find work.
To supplement their income, Made goes to the vil-
lage market every moming o sell a drink she makes out of
boiled pandanus leaves, coconut milk, and pink tapioca (open-
ing photograph). A small loan would allow her to rent a cov-
ered stall during the rainy season and to offer other foods for
sale. The extra money she could make could change her life. But
traditional banks consider Made too risky
10 lend to, and the amounts she needs too
small o bother with.

Around the world, billions of poor
people find themselves in the same pos
tion as Made; they're eager to work to
build a better life for themselves and their
families, but lack resources to succeed.
Now, however, a financial revolution is
sweeping around the world. Small loans
are becoming available to the poorest of
the poor. This new approach was invented
by Dr. Muhammad Yunus, professor of
rural economics at Chittagong University
in Bangladesh. Talking to a woman who
Wove bamboo mats in a village near his
university, Dr. Yunus learned that she had
10 borrow the few taka she needed each
day to buy bamboo and twine. The inter-
est rate charged by the village money-
lenders consumed nearly all her profits.
Always living on the edge, this woman,
and many others like her, couldn’t climb
out of poverty (fig. 23.1).

To break this predatory cycle,
Dr. Yunus gave the woman and several of
her neighbors small loans totaling about

|\8ZZ

borrowers themselves. Microcredit is now being offered by hun-
dreds of organizations in 43 other countries. Institutions from the
World Bank to religious charities make small loans to worthy entre-
preneurs. Wouldn't you like o be part o this movement? Well, now
you can. You don’t have to own a bank to help someone in need.

A brilliant way to connect entrepreneurs in developing coun-
tries with lenders in wealthy countries is offered by Kiva, a San
Francisco-based technology startup. The idea for Kiva, which
means “unity” or “cooperation” in Swahili, came from Matt and
Jessica Flannery. Jessica had worked in East Africa with the Vil-
lage Enterprise Fund, a California nonprofit that provides training,
capital, and mentoring to small businesses
in developing countries. Jessica and Matt
wanted 1o help some of the people she
had met, but they weren't wealthy enough
10 get into microfinancing on their own.
Joining with four other young people with
technology experience, they created Kiva,
which uses the power of the Intemnet to
help the poor.

Kiva partners with about a dozen
development nonprofits with staff in devel-
oping countries. The partners idenify hard-
working entrepreneurs who deserve help.
‘They then post a photo and brief introduc-
tion to each one on the Kiva web page. You
can browse the collection to find some-
one whose story touches you. The mini-
mum loan is generally $25. Your loan is
bundled with that of others untl it reaches
the amount needed by the borrower. You
make your loan using your credit card
(through PayPal, so i’s safe and casy).
‘The loan is generally repaid within 12 to
18 months (although without interest). At
that point, you can either withdraw the
money, or use it to make another loan.

The in-country staff keeps track of

FIGURE 23.1 For the poorest people in developing o
aka (about $20). X a
1000 taka (about $20). To his surprise, FIEURE 231 For the poorst people In deveobt  the people you're supportng and monitors

the money was paid back quickly and  Gtee fo deveapment
in full. So he offered similar amounts to
other villagers with similar results. In 1983, Dr. Yunus started the
Grameen (village) Bank to show that “given the support of finan-
cial capital, however small, the poor are fully capable of improy-
ing their lives.” His experiment has been tremendously successful
By 2009, the Grameen Bank had nearly 2 billion customers,
97 percent of them women. It had loaned more than $8 billion with
98 percent repayment, nearly twice the collection rate of commer-
cial Bangladesh banks.

‘The Grameen Bank provides credit to poor people in rural
Bangladesh without the need for collaeral. It depends, instead,
on mutual trust, accountability, participation, and creativity of the

their progress, so you can be confident

that your money will be well used. Loan
requests often are on their web page for only a few minutes before
being filled. It's easy to take part in this innovative human devel-
opment project. Check out Kiva.org.

In this chapter we'll look further at both microlending and
conventional financing for human development. We'll also look
at the role of natural resources in economies, and how ecological
economics is bringing ecological insights into economic analysis.
‘We'll examine cost-benefit analysis as well as other measures of
human well-being and genuine progress. Finally, we'll look at how
market mechanisms can help us solve environmental problems,
and how businesses can contribute to sustainability.
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A small amount of seed money would allow this young
mother to expand her business and help provide for
er farmiy

Learning Outcomes
After studying this introduction, you should be able to:

23.1 Identify some assumptions of classical and neoclassical
economics,

232 Explain key ideas of environmental economics.

233 Describe relationships among population, technology,
and scarcity

234 Understand ways we measure growth.

235 Summarize how market mechanisms can reduce pollution.

236 Discuss the importance of trade, development, and jobs.

237 Evaluate the aims of green business,
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“Unleashing the energy and creativity
in each human being is the answer
to poverty.”

~ Muhammad Yunus

Darwin’s Voyage

Case Study of Discovery

C}nrlcs Darwin was only 22 years

5 ! old when he set out in 1831 on his
epic five-year, around-the-world
voyage aboard the HMS. Beagle

T (i 41). 1twas o be the adventure of
a lifetime, and would lead to insights that
would revolutionize the field of biology. Initially an indifferent stu-
dent, Darwin had found inspiring professors in his last years of col-
Tege. One of them helped him get a position as an unpaid naturalist
on board the Beagle. Darwin turned out to be a percepive observer,
an avid collector of specimens, and an extraordinary scientist

As the Beagle saled slowly along the coast of South
America, mapping coastlines and navigational routes, Darwin
had time to go ashore on long field trips to
explore natural history. He was amazed by /=
the tropical forests of Brazil and the fossils /
of huge, extinct mammals in Patagonia. He
puzzled over the fact that many fossils looked
similar, but not quite identical, to contem-
porary animals. Could species change over
time? In Darwin's day, most people believed
that everything in the world was exactly as it
ad been created by God only a few thousand
years earlier. But Darwin had read the work
of Charles Lyell (1797-1875), who suggested
that the world was much older than previously
thought, and capable of undergoing gradual,
but profound, change over tme.

After four years of exploring and map-
ping, Darwin and the Beagle reached the
Galdpagos Islands, 900 km (540 mi) off the
@ oast of Ecuador. The harsh, volcanic

Jandscape of these remote islands (see
page 74) held an extraordinary assemblage

attibutes are more lkely o live and reproduce than those less
well-endowed. Because the more fit individuals are especially
successful in passing along their favorable traits to their offspring,
the whole population will gradually change to be better suited
for its particular environment. Darwin called this process natural
selection to distinguish it from the artifical selection that plant
and animal breeders used to produce the wide variety of domesti-
cated crops and livestock.

Darwin completed a manuscript outlining his theory of
evolution (gradual change in species) through natural selection
in 1842, but he didn’t publish it for another 16 years, perhaps
because he was worried about the controversy he knew it would
provoke. When his masterpiece, On the Origin of Species, was

finally made public in 1859, it was both

sy strongly criticized and highly praised.

Although Darwin was careful not to ques-
\. | tion the existence of a Divine Creator,
many people interpreted his. theory of
gradual change in nature as a challenge
to their faith. Others took his theory of
survival of the fittest much further than
Darwin intended, applying it to human
Societies, economics, and politics
One of the greatest difficultis for the
theory of evolution was thatitle was known
in Darwin's day of the mechanisms of
heredity. No one could explain how genetic
variation could arise in a natural population,
or how inheritable traits could be sorted
and recombined in offspring. It took nearly
another century before biologists could use
their understanding of molecular genetics to
put together a modern synthesis of evolu-
tion that clarifies these details

of unique plants and animals. Giant land tor-  FIGURE 4.1 Charls Danvin, in 2 portat panted An overwhelming majority of biolo-

toises fed on tree-size cacti. Sea-going iguanas
scraped algae off underwater shoals. Sea birds
were 5o unafraid of humans that Darwin could pick them off their
nests. The many finches were especially interesting: Every island had
iis own species, marked by distinct bill shapes, which graded from
large and parrot-fike to small and warbler-like. Each bird's anatomy
and behavior was suited to exploit specific food sources availzble in
its habitat. It seemed obvious that these birds were related, but some-
how had been modified to survive nder different conditions,

Darwin didn’t immediately understand the significance of
these observations. Upon returning to England, he began the long
process of cataloging and describing the specimens he had col-
lected. Over the next 40 years, he wrote important books on a vari-
ety of topics including the formation of oceanic islands from coral
reefs,the geology of South America, and the classification and nat-
ural history of baracles. Throughout this time, he puzzled about
how organisms might adapt to specific environmental situations.

A key in his understanding was Thomas Malthus’s Essay on
the Principle of Population (1798). From Malthus, Darwin saw
that most organisms have the potential to produce far more off-
spring than can actually survive. Those individuals with superior

shortly after the voyage on the Beagl.

gists now consider the theory of evolution
through natural selection to be the corner-
stone of their science. The theory explains how the characteristics
of organisms have arisen from individual molecules, to cellu-
lar structures, to issues and organs, to complex behaviors and
population traits. In this chapter, we’ll Took at the evidence for
evolution and how it shapes species and biological communities.
We'll examine the ways in which interactions between species
and between organisms and their environment allow species to
adapt to particular conditions as well as to modify both their
habitat and their competitors. For related resources, including
Google Earth™ placemarks that show locations where these
issues can be explored via satellite images, visit hiip

EnvironmentalScience-Cunningham.blogsp

For more information, see
Darwin, Charles. The Voyage of the Beagle (1837) and On the
Origin of Species (1859).

Stix, Gary. 2009. Darwin’s living legacy. Scientific American
300(1): 38-43.



4.1 EvOLUTION PRODUCES
SPECIES DIVERSITY

Why do some species live in one place but not another? A more
important question to environmental scientists is, what are the
mechanisms that promote the great variety of species on earth and
that determine which species will survive in one environment but
not another? In this section you will come to understand (1) con-
cepts behind the theory of speciation by means of natural selection
and adaptation (evolution); (2) the characteristics of species that
make some of them weedy and others endangered: and (3) the limi-
tations species face in their environments and implications for their
survival. First we'll sart with the basics: How do species arise?

Natural selection leads to evolution

How does a polar bear stand the long, sunless, super-cold arctic
winter? How does the saguaro cactus survive blstering tempera-
tures and extreme dryness of the desert? We commonly say that
each species is adapted to the environment where it lives, but what
does that mean? Adaptation, the acquisition of traits that allow a
species (o survive in its environment, is one of the most important
concepts in biology

We use the term adapt in two ways. An individual organism
can respond immediately to a changing environment in a process
called acclimation. If you keep a houseplant indoors all winter and
then put it out in full sunlight in the spring, the leaves become
damaged. If the damage isn't severe, your plant may grow new
leaves with thicker cuticles and denser pigments that block the
sun’s rays. However, the change isn't permanent. After another
winter inside, it will still get sun-scald in the following spring. The
leaf changes are not permanent and cannot be passed on to off-
spring, or even carried over from the previous year. Although the
capacity to acclimate is inherited, houseplants in each generation
must develop their own protective leaf epidermis.

Another type of adaptation affects populations consisting
of many individuals. Genetic traits are passed from generation to
generation and allow a species to live more successfully in its envi-
ronment. As the opening case study for this chapter shows, this
process of adaptation to environment is explained by the theory of
evolution. The basic idea of evolution is that species change over
generations because individuals compete for scarce. resources.
Better competitors in a population survive—they have greater
reproductive potential or fitness—and their offspring inherit the
beneficial traits. Over generations, those traits become common
in a population (fig. 4.2). The process of better-selected individu-
als passing their traits (o the next generation is called natural
selection, The trats are encoded in a species’ DNA, but from where
does the original DNA coding come, which then gives some indi-
viduals greater fitness? Every organism has a dizzying aay of
genetic diversity in its DNA. It has been demonstrated in experi-
ments and by observing natural populations that changes to the
DNA coding sequence of individuals occurs, and that the changed
sequences are inherited by offspring. Exposure to ionizing radia-
tion and toxic materials, and random recombination and mistakes in
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FIGURE 4.2 Giraffes don't have long necks because they
stretch to reach tree-top leaves, but those giraffes that happened
to have longer necks got more food and had more offspring, so
the trait became fixed in the population.

replication of DNA strands during reproduction are the main causes
of genetic mutations. Sometimes a single mutation has a large
effect, but evolutionary change is mostly brought about by many
mutations accumulating over time. Only mutations in reproductive
cells (gametes) matter; body cell changes—cancers, for example—
are not inherited. Most mutations have no effect on fitness, and
many actually have a negative effect. During the course of a species”
life span—a million or more years—some mutations are thought to
have given those individuals an advantage under the selection pres-
sures of their environment at that time. The result is a species popu-
Tation that differs from those of numerous preceding generations.

All species live within limits

Environmental factors exert selection pressure and influence the
fitness of individuals and their offspring. For this reason, species
are limited in where they can live. Limitations include the follow-
ing: (1) physiological stress due to inappropriate levels of some
critical environmental factor, such as moisture, light, tempera-

(3) predation, including parasitism and disease; and (4) luck. In
duals of a population that survive environ-
mental catastrophes or find their way to a new habitat, where they
start a new population, may simply be lucky rather than more fit
than their contemporaries.

An organism’s physiology and behavior allow it to survive
only in certain environments. Temperature, moisture level, nutri-
ent supply. soil and water chemistry, living space, and other envi-
ronmental factors must be at appropriate levels for organisms to
persist. In 1840, the chemist Justus von Liebig proposed that the
single factor in shortest supply relative to demand is the eritical
factor determining where a species lives. The giant saguaro cactus
(Carnegiea gigantea), which grows in the dry, hot Sonoran des-
ert of southem Arizona and northern Mexico, offers an example

fig. 4.3). Saguaros are extremely sensitive to freezing tempera-
ures. A single winter night with temperatures below freezing for
12 or more hours kills growing tips on the branches, preventing
further development. Thus the northern edge of the saguaro’s
range corresponds to a zone where freczing temperatures last less
than half a day at any time.

huapyfwwmbhe.comfeunningham| e

A city could be considered an ecosystem. Using what you
leamed in chapters 3 and 4, describe the structure and func-

convenience of a private automobile without its negative
aspects?

tion of a city in ecological terms. 6. Boulder, Colorado, has been a leader in controlling urban
4. Look at the major urban area(s) in your state. Why were they growth. One consequence is that the city has stayed small

built where they are? Are those features now a benefit or and charming, so housing prices have skyrocketed and poor

drawback? people have been driven out. If you lived in Boulder, what
5. Weigh the costs and benefits of automobiles in modern solutions might you suggest? What do you think is an opti-

American life. IS there a way to have the freedom and mum city size?

I nalyS'IS‘ Using a Logarithmic Scale
o

We've often used very large numbers in this book. Millions of
people suffer from common discases. Hundreds of millions are
moving from the country to the city. Billions of people will prob-
ably be added to the world population in the next half century.
Cities that didn’t exist a few decades ago now have millions of
residents. How can we plot such rapid growth and such huge num-
bers? If you use ordinary graph paper, making a scale that goes to
millions or billions will run off the edge of the page unless you
make the units very large.

igure 1, for example, shows the growth of Mumbai, India,
over the past 150 years plotted with an arithmetic scale (showing
constant intervals) for the Y-axis. It looks as if there is very litle
‘growth inthe first third of this series and then explosive growth dur-
ing the last few decades, yet we know that the rare of growth was
actually greater at the beginning than at the end of this time. How
could we display this differently? One way to make the graph easier
1o interpret is (0 use a logarithmie scale. A logarithmic scale, or
“log scale,” progresses by factor of 10. So the Y-axis would be num-
bered 0, 1,10, 100, 1,000. ... The effect on a graph is o spread out
the smaller values and compress the larger values. In figure 2, the
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Populaton, milons

FIGURE 1 The growth of Mumbai

n L
i To00 To50 700
Year

FIGURE 2 The growth of Mumbai

same data are plotted using a log scale for the Y-axis, which makes
it much easier to see what happened throughout this time period.

Do these two graphing techniques give you a different
impression of what's happening in Mumbai?

How might researchers use one or the other of these scales
to convey a particular message or illustrate details in a

specific part of the growth curve?

Approximately how many people lived in Mumbai in 18507
How many lived there in 20007

When did growth of Mumbai begin to slow?

What percentage did the population increase between

1850 and 20007

For Additional Help in Studying This Chapter, pesse it our ebste at

reading is all of which wil hep you leam environmental science.
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CONCLUSION

What can be done to improve conditions in cities? Vauban, Germany,
is an outstanding example of green design to improve transporta-
tion, protect central citis, and create a sense of civic pride. Other
cities have far to go, however, before they reach this standard.
Among the immediate needs are housing, clean water, sanitation,
food, education, health care, and basic transportation for their
residents. The World Bank estimates that interventions to improve
2 conditions in urban households in the developing world
could average the annual loss of almost 80 million “disability-free”
years of lfe. This s about twice the feasible benefit estimated from
all other environmental programs studied by the World Bank.
Many planners argue that social justice and sustainable economic
development are answers (o the urban problems we have discus:
in this chapter.If people have the opportunity and money to buy better

housing, adequate food, clean water, sanitation, and other things they
need for a decent life, they will do so. Democracy. security, and
improved economic conditions help in slowing population growth and
reducing rural-to-city movement. An even more important measure
of progress may be institution of  social welfare safety net guarantee-
ing that old or sick people will not be abandoned and alone.

Some countries have accomplished these goals even without
industrialization and high incomes. Sri Lanka, for instance, has
Tessened the disparity between the core and periphery of the coun-
try. Giving all people equal access to food, shelter, education, and
health care eliminates many incentives for interregional migration.
Both population growth and city growth have been stabilized,
even though the per capita income is only $800 per year. What
do you think could we help other countries do something similar?

By now you should be able to explain the following points:
22.1 Define urbanization.
+ Cities have specialized functions as well as large populaions.
+ Large cities are expanding rapidly.
222 Describe why cities grow.
+ Immigration is driven by push and pull factors.
+ Government policies can drive urban growh.
22.3 Understand urban challenges in the developing world.
« Traffic congestion and air quality are growing problems
« Insufficient sewage treatment causes water poll
« Many cities lack adequte housing.

jon,

22.4 Identify urban challenges in the developed world
« Urban sprawl consumes land and resources.
« Transportation is crucial in city development.
* Mass transit could make our cities more livable.

22.5 Explain smart growth

Garden cities and new towns were early examples of smart
growth,
New urbanism advanced the ideas of smart growth.

Green urbanism promotes sustainable cites.

Open space design preserves landscapes

PRACTICE QUIZ

What is the difference between a city and a village and
between rural and urban?

How many people now live in cities, and how many live in
rural areas worldwide?

What changes in urbanization are predicted to occur in the
next 30 years, and where will that change occur?

From memory, list five of the world’s largest cities. Check
your list against table 22.2. How many were among the
largest in 19007

Describe the current conditions in a typical megacity of the
developing world. What forces contribute to its growth?

Deseribe the difference between slums and shantytowns.
Why are urban areas in U.S. cities decaying?

How has transportation affected the development of cities?
What have been the benefits and disadvantages of freeways?

Describe some ways that American cities and suburbs could
be redesigned to be more ecologically sound, socially just,
and culturally amenzble.

Explain the difference between greenfield and brownfield
development. Why is brownfield development becoming
popular?

s

CRITICALTHINKING AND DISCUSSION QUESTIONS

1. Picture yourself living in a rural village or a developing
world city. What aspects of life there would you enjoy? What
would be the most difficult for you to accept?

512 CHAPTER 22 Usbanization and Sustainable Cities

2. Why would people move to one of the megacities of the
developing world if conditions are so difficult there?

huapyfwwmbhe.comfeunningham| e

New England or the Pacific Northwest, you have probably noticed
that mussels and bamacles grow thickly i the inertidal zone, the
place between high and low tides. No one factor decides this pat-
tem. Instead, the distribution of these animals is determined by a
combination of temperature extremes, drying time between tides,
salt concentrations, compettors, and food availabilty.

In some specics, tolerance fimits affeet the distrbution of
young differently than adulis. The desert pupfish, for instance,
fives in smal,isolated populations in warm springs in the northern
Sonoran desert. Adult pupfish can survive temperatures between
0°and 42°C (a remarkably high temperature for  fsh) and toler-
ate an equally wide range of sal concentrations. Eges and juve-
nile fish, however, can survive only between 20° and 36°C and are
Killed by high salt fevels. Reproduction, thercfore, i limited to @
small part of the range of the adultfish,

Sometimes the requirements and tolerances of species arc
useful indicators of specific environmental characteristics. The
presence or absence of such species indicates something about
are an excellent example of distribution controlled by a critical the community and the ecosystem as a whole. Lichens and
o o = e castern white pine, for example, are indicators of air pollution
Choaroe At foun only whee o temperatuos neve dlp  because they are extremely sensitive tosulfu dioxide and ozone,
Delow freesing or mors than a few hours a & me, respectively. Bull thistle and many other plant weeds grow on
disturbed soil but are not eaten by caile: therefore, a vigorous
population of bull thistle or cetain other plants in a pasture indi-
cates it s being overgrazed. Similarly, anglers know that trout
species require cool, clean, well-oxygenated water; the presence
or absence of trout s used as an indicator of good water qualiy

FIGURE 4.3 Saguaro cacti, symbolic of tne Sonoran desert,

Ecologist Victor Shelford (1877-1968) later expanded
Liebig’s principle by stating that each environmental factor has
both minimum and maximum levels, called tolerance limits,
beyond which a particular species cannot survive or is unable to
reproduce (fig. 4.4). The single factor closest to these survival

The ecological niche is a species’ role
limits, Shelford postulated, is the critical factor that limits where a

and environment

particular organism can live. At one time, ecologists tried to iden-

tify unique factors limiting the growth of every plant and animal  Habitat describes the place or set of environmental conditions
population. We now know that several factors working together,  in which a particular organism lives. A more functional term,
even in a clear-cut case like the saguaro, usually determine aspe-  ecological niche, describes cither the role played by a species
cies” distribution. If you have ever explored the rocky coasts of in a biological community or the total set of environmental

Zone of Zone of Optimal range one. Zone of
intolerance  physiological physilogical | intolerance
stress stress

species abundant

Too high
Optimum upper limit oftolerance

Too low:
lower Imit of tolerance

Environmental gradient

FIGURE 4.4 The principle of tolerance limits states that for every environmental factor, an organism has both maximum and minimum
levels beyond which it cannot survive. The greatest abundance of any species along an environmental gradient is around the optimum level
of the critical factor most important for that species. Near the tolerance limits, abundance decreases because fewer individuals are able to
suvive the stresses imposed by limiting factors.
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FIGURE 4.5 Each of the species n this Afican savanna has
its own ecological niche that determines where and how it ives.

factors that determine a species distribution. The concept of
niche was first defined in 1927 by the British ecologist Charles
Elton (1900-1991). To Elton, each species had a role in a com-
munity of species, and the niche defined its way of obtain-
ing food. the relationships it had with other species, and the
services it provided to its community. Thirty years later, the
American limnologist G. E. Hutchinson (1903-1991) pro-
posed a more biophysical definition of niche. Every species,
he pointed out, exists within a range of physical and chemi-
cal conditions (temperature, light levels, acidity, humidty,
salinity, etc.) and also biological interactions (predators and
prey present, defenses, nutritional resources available, etc.)
The niche is more complex than the idea of a critical factor
(fig. 4.5). A graph of a species niche would be multidimen-
sional, with many factors being simultancously displayed,
almost like an electron cloud.

For a generalist, like the brown rat, the ecological niche
is broad. In other words, a generalist has a wide range of tol-
erance for many environmental factors. For others, such as the
giant panda (Ailuropoda melanoleuca), only a narrow ecological
niche exists (fig. 4.6). Bamboo s low in nutrients, but provides
95 percent of a panda’s diet, requiring it to spend as much as
16 hours a day eating. There are virtually no competitors for
bamboo, except other pandas, yet the species is endangered, p
marily due to shrinking habitat. Giant pandas, like many species
on earth, are habitat specialists. Specialists have more exacting
habitat requirements, tend to have lower reproductive rates, and
care for their young longer. They may be less resilient in response
o environmental change. Much of the flora and fauna that Dar-
win studied in the Galdpagos were endemic (not found anywhere
else) and highly specialized to exist in their unique habitat.

Over time, niches change as species develop new strategies
0 exploit resources. Species of greater intelligence or complex
social structures, such as elephants, chimpanzees, and dolphins,
Tea from their social group how to behave and can invent new
ways of doing things when presented with novel opportunities or
challenges. In effect, they alter their ecological niche by passing
on cultural behavior from one generation to the next. Most organ-
isms, however, are restricted to their niche by their genetically
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determined bodies and instinctive behaviors. When two such
species compete for limited resources, one eventually gains the
larger share, while the other finds different habitat, dies out, or
experiences a change in ts behavior or physiology so that compe-
tition is minimized. The idea that “complete competitors cannot
coexist” was proposed by the Russian microbiologist G. F. Gause
(1910-1986) to explain why mathematical models of species
competition always ended with one species disappearing. The
competitive exclusion principle, as it i called, states that no two
species can oceupy the same ecological niche for long. The one
that s more efficient in using available resources will exclude the
other (see Species Competition at the end of this chapter). We call
this process of niche evolution resource partitioning (fig. 4.7).
Partitioning can allow several species to utilize different parts of
the same resource and coexist within a single habitat (fig. 4.9).
Species can specialize in time, too. Swallows and insectivorous
bats both catch insects, but some insect species are active dur-
ing the day and others at night, providing noncompetitive feeding
opportunitcs for day-active swallows and nightactive bats. The
competitive exclusion principle does not explain all situations,
however. For example, many similar plant species coexist in some
habitats. Do they avoid compeition in ways we cannot observe,
or are resources so plentiful that no competition need occur?

FIGURE 4.6 The gt panda feeds exclusively on bamboo.
Although ts teeth and digestive system are those of a carnivore, it
is not a good hunter, and has adpted to a vegetarian diet. In the
1970s, huge acreages of bamboo flowered and died, and many
pandas starved.
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Think About It

List ten aspects of a city you know that are environmentally or
socially unsustainable. Choose one and propose a solutio to fix
it. Compare notes with colleagues in your ciass. Did you come
Up with the same ists? The same solutions?

Open space design preserves landscapes

Traditional suburban development typically divides land  into
a checkerboard layout of nearly identical 1 to 5 ha parcels with
no designated open space (fig. 22.21, op). The result s a sterile
landscape consisting entirely of house lots and streets. This style
of development, which is permitted—or even required—by local
zoning and ordinances, consumes agricultural land and fragments
wildlife habitat. Many of the characteristcs that people move to the
country to find—space, opportunities for outdoor recreation, access
10 wild nature, a rural ambience—are destroyed by dividing every
acre into lots that are *100 large to mow but 100 small o plow.”

Tall oaks on

FIGURE 22.21 Conventional subdivsion (fop) and an open
‘space plan (bottom). Although both plans provide 36 home sites,
the conventional development allows for no public space. Cluster
housing on smaller lots in the open space design preserves at
least half the area as woods, prairie, wetlands, farms, or other
conservation lands, while providing residents with more atiractive
vistas and recreational opportunities than a checkerboard
development.

FIGURE 22.22 Jackson Meadows, an award-vinning
cluster development near Stilwater, Minnesota, groups houses
at sociable distances and preserves surrounding open space for
walking, gardening, and scenic views from all houses.

An interesting altemative known as conservation develop-
‘ment, cluster housing, or open space zoning preserves at least
half of a subdivision as natural areas, farmland, or other forms
of open space. Among the leaders in this design movement are
landscape architects Tan MeHarg, Frederick Steiner, and Randall
Arendt. They have shown that peaple who move to the country
don’t necessarily want o own a vast acreage or o live miles from
the nearest neighbor; what they most desire is long views across
an interesting landscape, an opportunity to see wildlife, and access
10 walking paths through woods or across wildflower meadows.

By carefully clustering houses on smaller lots, a conserva-
tion subdivision can provide the same number of buildable lots as
a conventional subdivision and still preserve 0 to 70 percent of
the land as open space (fig. 22.21, bottom). This not only reduces
development costs (less distance to build roads, lay telephone
lines, sewers, power cables, etc.) but also helps foster a greater
sense of community among new residents. Walking paths and rec-
reation areas get people out of their houses to meet their neigh-
bors. Home owners have smaller lots 1o care for and yet everyone
has an attractive vista and a feeling of spaciousness.

n award-winning example of cluster development s Jackson
Meadow, near Stllwater, Minnesota (fig. 22.22). The 64 single-
family, custom-designed houses are gathered on just one-third of the

roject’s 336 acres. Two hundred acres are reserved for recreation
and scenery. abl
10 share one central well and pump house between them, instead of
drilling 64 separate wells. In most remote developments of tis size,
wastewater uld be treated in 64 separate, under-
‘ground septic systems and leach filds. Here, wastewaeris collected
and drained into a constructed wetland sepic system, where natural
bacteria treat water. Water reatmen in constructed wetlands is clean,
safe, chemical-fee, and odorless when it is designed correctly.

Urban habitat can make a significant contribution toward
saving biodiversity. In a ground-breaking series of habitat con-
servation plans triggered by the need to protect the endangered
California gnatcatcher, some 85,000 ha (210,000 acres) of coastal
scrub near San Diego was protected as open space within the rap-
idly expanding urban area. This is an area larger than Yosemite
Valley, and will benefit many other species as well as humans.
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ﬁ What Do You Think?

The Architecture of Hope

How sustainable and self-sufficient can urban areas be? An exciting
experiment in minimal impact in London gives us an image of what our
future may be. BedZED, short for the Beddington Zero Energy Develop-
ment, is an integrated urban project built on the grounds of an old sewage

in South London. BedZED' egies begin with recycling
the ground on which it stands. Designed by architect Bill Dunster and his
colleagues, the complex demonstrates dozens of energy-saving and water-
saving ideas. BedZED has been occupied. and winning awards, since it
was completed in 2003.

Like Vauban (opening case study). most of BedZED's innovations
involve simple, even conventional ideas. Expansive, south-facing, triple-
glazed windows provide abundant light, minimize the use of electric
Tamps, and provide passive solar heat in the winter. Thick, superinsulated
walls keep interiors warm in winter and cool in summer. Rotating “wind
‘cowls” on roofs turn to catch fresh breezes, which cool spaces in summer.
In winter, heat exchangers warm incoming fresh air with the heat from
stale, outgoing air. Energy used in space heating is nearly eliminated.
Bmldmz materials e recycled, reclaimed, or renewable, which reduces

ied energy” invested in producing and transporting them.
edZED does use energy, but the complex generates its own heat and
electrcity with a small, on-sit, superefTicient plant that uses loca tee trim-
mings for fuel. Thus BedZED uses no fossil uels, and it i “carbon-neutral™

wg

from the ar by tres. In addition, photovoltai cells on roofs provide enough
free energy 10 power 40 solar cars. Fuel bills for BedZED residents can be:
aslitle as 10 percent of what other Londoners pay for siilar-sized homes.

Water-efficient appliances and toilets reduce water use. Rainwater
collection systems provide “green water” for watering gardens, flush-
ing toilets, and other nonconsumptive uses. Reed-bed fltration systems
purify used water without chemicals. Water meters allow residents o see
how much water they use. Just knowing about consumption rates helps
encourage conservation. Residents use about half as much water per per-
son as other Londoners.

D residents can save money and time by not using, or even
owning a . Office space is available on-sit, so some residents can work
where they live, and the commuter rail station is just a ten-minute walk
vy, The st s also liked 1 bieyle s that it bicyee com
muting. Car pools and rent-by-the-hour auto memberships allow many
residents 10 avoid owning (and parking) a vehicle altogether.

light,ceil

" high,and
most residences have rooftop gardens. Community events and common

Sautfadng indons et Hones, ndcolrl,tatn i cols el
rooms at BedZED, an ecologial housing complex in South Landon, U

spaces encourage humane, healthy lifestyles and community ties. Child-
care services, shops, entertainment, and sport faclities are buil into the
project. The approximately 100 housing unis are designed for a range of
income levels ensuring a racally, thnically and age-diverse community.
Prices are lower than many similar-sized London homes, and few in this
price range or inner-ity location have abundant sunlgh or gardens.

oping counties, such as China, Architect Dunster says that BedZED-like
developments on cleaned-up brownfields could provide all the 3 million
omes that the UK. expects to need in the next decade with no saeifice
of apen space. And as green building techniques, designs, and materials
become standard, he argues, they will cost no more than conventional,
energy-wastng structure

What do you think? Would you enjoy iving ina dense, urban seting
such as BedZED? Would it involve  lower or higher standard of lving
than you now hae? How much would it be worth t0 avoid spending 8 to
10 hours per week ot fighting bumper-to-bumper rafic while commut-
ing 0 school or work? The average cost of owning and driving a car in
the United State is about $9,000 per year. What might you do with that
money if owning a vehicle were unnecessary? Try to imagine what urban
T might be Tike f most private automobiles were to vanish. If you live
in a typical American city, how much time do you have to enjoy the open
space that the suburbs and freeways were supposed o provide? Perhaps,
most importantly, how will we provide enough water, energy, and space
for the 3 billion people expected to crowd into cities worldwide over the
next few decades if we don't adopt some of the sustainable practices and
approsches represented by BedZED o Vauban?

the Netherlands. An 8,000-car parking garage at the station
would cut out the heart of the city. Discourage car use by
‘minimizing the amount of space devoted to driving and park-
ing cars, or by charging for parking space, once realistic
altenatives are available.

Encourage ecological building techniques, including green
roofs, passive solar energy use, water conservation systems,
solar water heating, wind turbines, and appliances that con-
serve water and electricity.

Encourage co-housing—groups of households clustered
around a common green space that share child care, gardening,
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maintenance, and other activities. Co-housing can reduce
consumption of space, resources, and time while supporting
a sense of community.

Provide facilities for recycling organic waste, building mate-
rials, appliances, and plastics, as well as metals, glass, and
paper.

Invite public participation in decision making. Emphasize
local history, culture, and environment to create a sense of
community and identity. Coordinate regional planning
through metropolitan boards that cooperate with but do not
supplant local governments.
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FIGURE 4.7 Gompetition causes resources partitioning and

(®) Resource gradient

(@

of along
aresource gradient, competition occurs (shaded area). Individuals in this part of the niche have less success producing young. (o) Over time
the traits of the populations diverge, leading to specialization, narrower niche breacith, and less competition between species.

Speciation maintains species diversity

As an interbreeding species population becomes better adapted to its
ecological niche, its genetic heritage (including mutations passed from
parents to offspring) gives it the potential to change further as circum-
stances dictate.In the case of Galdpagos finches studied a century and
a half ago by Charles Darwin, evidence from body shape, behavior,
and genetics leads to the idea that modem Galdpagos finches look,
behave, and bear DNA related to an original seed-cating finch species
that probably blew 1o the islands from the mainland where a similar
species still exists. Today there are 13 distinet species on the islands

Cape May
wartler

Blackburnian
wartler

Black-throated
green warbler

"~ Baybreasted
arbler

FIGURE 4.8 Several species of insect-eating wood warblers occupy the same
forests i eastern North America. The competitive exclusion principle predicts that the

that differ markedly in appearance, food preferences, and habitat
(fig. 4.9). Fruit eaters have thick, parot-ike bills; seed eaters have
heavy, crushing bill; insect eaters have mm, probing beaks to catch
their prey. One of the most unusual species is the woodpecker finch,
which pecks at ree bark for hidden insects Lackmv the woodpecker's
Jog tongue,the ich ses a cactssine . 0l extrct bugs

of anew species Darwin
believed that new species arise only very gradually, over immensely
long times. In some organisms, however, adaptive changes have
oceurred fast enough to be observed. Wild European rabbits, for
example, were introduced into Australia about 220 years ago. They
have changed body size, weight, and ear size as they adapted to the
hot, dry Australian climate. Evolutionary scien-
tist Stephen Jay Gould suggested that many spe-
cies may be relatively stable for long times and
then undergo rapid speciation (punctuated equi-
librium) in response to environmental change.
For further discussion on definitions of species,
see chapter 11

One mechanism of speciation is geographic
isolation. This is termed allopatric speciation—
species arise in non-overlapping geographic
locations. The original Galipagos finches were
separated from the rest of the population on the
mainland, could no longer share genetic mate-
rial, and became reproductively isolated.

“The barriers that divide subpopulations are not
always physical. For example, two virtually denti-
cal tree frogs (Fyla versicolor; Hyla chrysoscells)
live in similar habitats of eastern North Americabut
have different mating calls. This is an example of
behavioral isolation. It also happens that one spe-
s has twice the chromosomes of the other. This
example of sympatric speciation takes place n the
same location as the anceslor species. Fer species.

warblers should partition the resource—insect food—in order to reduce competition.  And other plants seem prone to sympatric specia-

Andiin fact, the warblers feed in different parts of the forest.
Source: Orignal obsenvaions by R, H, MacAthur (1958)
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tion by doubling or quadrupling the chromosome
number of their ancestors
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{a)Large ground finch (seeds)  (b) Cactus ground finch
cactus fuits and flowers)

) Vegetarian finch (buds) () Woodpecker inch (insects)
FIGURE 4.9 Each of the 13 species of Galdpagos finches,
although originally derived from a common ancestor, has evolved
distinctive anatomies and behaviors to exploit different food

sources. The woodpecker finch (d) uses cactus thoms to probe
for insects under tree bark,

Once isolation is imposed, the two populations begin to
diverge in genetics and physical characteristics. Genetic dift
ensures that DNA of two formerly joined populations eventually
diverges; in several generations, traits are lost from a
population during the natural course of reproduction.

‘germanica). Apparently some individuals can make an enzyme that
detoxifies pesticides. Individual cockroaches that lack this character-
istic are dying out, and as a result, populations of cockroaches with
pesticide resistance are developing.

A small population in a new location—island, mountaintop,
unique habitat—encounters new environmental conditions that favor
some individuals over others (fig.4.11). The physical and behavioral
trais these individuals have are passed to the next generation, and
the frequency of the trait shifts in the population. Where a species
may have existed but has died out, others arise and contribute to the
mcmhble varey of lfeforms sen in ature. The ossilrecord is

wh\Lh were recorded n diflrent geological stata and which w|ped
outa large proportion of the earth’s species each time.

Evolution s still at work

You may think that evolution only occurred in the distant past,
but it's an ongoing process. Many examples from both labo-
ratory experiments and from nature shows evolution at work
(Exploring Science, p. 81). Geneticists have modified many
fruit fly properties—including body size, eye color, growth rate,
life span, and feeding behavior—using artificial selection. In
one experiment, researchers selected fruit flies with many bris-
tles (stif, hairlike structures) on their abdomen. In each genera-
tion, the flies with the most bristles were allowed to mate. After
86 generations, the number of bristles had quadrupled. In
similar experiment with com, agronomists chose seeds with the

Under more extreme circumstances, a die-off of most (2) Orginal variation (b) irectonal selecion
inthe trait

members of an isolated population strips much of the
variation in traits from the survivors. The cheetah
experienced a genetic bottleneck about 10,000 years
ago and exists today as virtually identical individual

In isolation, selection pressures shape physical,
behavioral, and genetic. characteristics of individuals,
causing population trits to shift over time (fig. 4.10).
From an original range of characterisics, the shift can
be toward an extreme of the trait (directional selection),

Selecton
pressure

Y

Orginaloptimum Original optimum

it can narrow the range of a trait .or
it can cause trits to diverge to the extremes (disruptive
selection). Directional selection s implied by increased
pesticide resistance in German cockroaches (Blattella

FIGURE 4.10 A species trait, such as beak
shape, changes in response to selection pressure.

(e) The original variation s acted on by selection pres-
sure (arrows) that (o) shifts the characteristics of that
trait in one direction, or (c) to an intermediate condi-
tion. (d) Disruptive selection moves characteristics

to the extremes of the trait. Which selection type
plausibly resuled in two distinct beak shapes among
Galépagos finches—narrow in tree finches versus.

Number of individuals in the population

(o) Stabiizing selection (0 Disruptve selecton

Y
U A

Orginaloptimum

Original optimum

stout in ground finches?
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Variation in the trait experiencing natural selecton
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Green urbanism promotes sustainable cities

While new urbanism has promoted livable neighborhoods and

iin cities, ritics point out that develop-
ments, i i towns,
projects built on previousl farmlands

or forests on the outskirts of large cites. In addition to contributing
1o sprawl, developments built on greenfields stil require most resi-
dents to commute to work by private car, which undermines efforts
10 reduce car dependence. Goals of mixed-income neighborhoods
also fall short, because the architect-designed houses rarely fall
into middle- or low-income price ranges,

A new vision is emerging for “Smart Cities” with minimal
environmental impacts. Rooftop solar panels and wind turbines
will capture most or all of the energy needed by the city. Plug-in
ybrid cars will serve as a massive dispersed electrical storage sys-
tem. When excess energy is available, it will be stored in car bat-
terics and then released back into the grid as demand riscs. Food
will be grown on rooftops and in empty lots and sold or bartered in
Tocal markets. Mass transportation will move residents around the
city quickly and inexpensively. Rainwater will be collected, fil-
tered, and reused. Metal and glass will be collected and recycled;
organic waste will be composted to produce biogas for energy.

“Green urbanism” is another term that describes many strate-

FIGURE 22.19 This award-winning green roof on the
Chicago City Hal is functional as well as beautiful. It reduces
rain runoff by about 50 percent, and keeps the surface as much
as 30°F cooler than a conventional roof on hot summer days.

provide bird and butterfly habitat, insulate homes, and, contrary to
old mythology, are structurally sturdy and long-lasting
Th

und prac-
tices. Many green urbanist ideas are demonsirated in the BedZED
project in London, England (What Do You Think? p. 510).
European cities have been especially innovative in green plan-
ning. Stockholm, Sweden, has expanded by building small atellite
suburbs linked to the central city by commuter rails and by bicycle
routes that pass through a network of green spaces that reach far
into the cit. Copenhagen, Denmark, has rebuili most of s trans-
portation i 19601 " an 300 km
of well-marked bike lanes and scpalal:d bike tails. Thirty percent
of all trips through central Copenhagen are made using public
transportation, and 14 percent of the trips are made by bicycle.
Green building strategies are encouraged in many European
cites. Many German cies now require that half of all new devel-
opment must be vegetated. An increasingly popular strategy to
meet this rule s “green roofs"—growing grass or other vegetation
(fig. 22.19). Green roofs absorb up to 70 percent of rain water,

0]

principles of green urbanist planning:

+ When building new structures, focus on in-fill development—
filling in the inner city so as to help preserve green space in
and around cities. Where possible, focus on brownfield
developments, building on abandoned, reclaimed industrial
sites. Brownfields have been eyesores and environmental
liabilities in citis for decades, but as urban growth proceeds,
they are becoming an increasingly valuable land resource.

+ Build high-density, attractive, low-rise, mixed-income hous-
ing near the center of cities or near public transportation
routes (fig. 22.20a). Densely packed housing saves energy as
well as reducing infrastructure costs per person.

+ Provide incentives for alternative transportation, such as
reserved parking for shared cars (fig. 22.200) or bicycle
routes and bicycle parking spaces. Figure 22.20c shows an
8,000-bicycle parking garage at the train station in Leiden,

FIGURE 22.20 Green urbanism includes (#) concentrated, low-rise housing, (b) car-sharing clubs that receive special parking
allowances, and (c) alternative transportation methods. These examples are from Amsterdam and Leiden, the Netherlands.

CHAPTER 22 Ushanization and Sustainable Cities 509



de walking paths and overpasses protected pedesirians.
from traffic. Businesses and industries were screened from hou
ing areas by vegetation. Each city was limited to about 30,000 peo-
ple to facilitate social interaction. Housing and jobs were designed
o create a mix of different kinds of people and to integrate work,
social activities, and civic life. Trees and natural amenities were
carefully preserved and the towns were laid out to maximize social
interactions and healthful living. Care was taken to meet residents”
psychological needs for security. identity, and stimulation.

Letchworth and Welwyn Garden each have 70 to 100 people
per acte. This is a true urban density, about the same as New York
City in the carly 18005 and five times as many people as most sub-
urbs today. By planning the ultimate size in advance and choos-
ing the optimum locations for housing, shopping centers, industry,
transportation, and recreation, Howard believed he could create
a hospitable and satisfying urban setting while protecting open
space and the natural environment. He intended to create parklike
surroundings that would preserve small-town values and encour-
age community spirit in neighborhoods.

Planned communities also have been built in the United States
following the theorics of Ebenezer Howard, but most plans have
been based on personal automobiles rather than public transit,
Radburn, New Jersey, was designed in the 19205, and two highly
regarded new towns of the 1960s are Reston, Virginia, and Colur
bia, Maryland. More recent examples, such as Seaside in northern
Florida, represent a modern movement in new towns known as

“new urbanism.”

New urbanism advanced the ideas
of smart growth

New towns and garden ciies included many important ideas, but
they still left cties behind. Rather than abandon the cultural his-
tory and infrastructure investment in existing cities, a group of
architects and urban planners is attempting fo redesign metro-
politan areas to make them more appealing, efficient, and livable.
In the United States, Andres Duany, Peter Calthorpe, and others
have led this movement and promoted the term “new urbanism” to
describe it. Sometimes called a neo-traditionalist approach, their
designs attempt to recapture a small-town neighborhood feel in
new developments. The goal of new urbanisim has been to rekindle
Americans’ enthusiasm for cities. New urbanist architects do this
by building charming, integrated, walkable developments. Side-
walks, porches, and small front yards encourage people to get
outside and be sociable. A mix of apartments, townhouses, and
detached houses in a variety of price ranges ensures that neighbor-
hoods will include a diversity of ages and income levels. Some
design principles of this movement include:

+ Limit city size or organize them in modules of 30.000 to
50,000 people, large enough to be a complete city but small
enough o be a community. A greenbelt of agricultural and
recreational land around the city limits growth while pro-
moting efficient land use. By careful planning and coopera-
tion with neighboring regions, a city of 50,000 people can
have real urban amenities such as museuns, performing arts
centers, schools, hospitals, ete.
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+ Determine in advance where development will take place.
Such planning protects property values and prevents chaotic
development in which the lowest uses drive ou the better ones,
It also recognizes historical and cultural values, agricultural
resources, and such ecological factors as impact on wetlands,
soil types, groundwater replenishment and protection, and
preservation of aesthetically and ecologically valuable sites

Locate everyday shopping and services so peaple can meet
daily needs with greater convenience, less stress, less auto-
mobile dependency, and less use of time and energy. Provide
accessible, sociable public spaces (fig. 22.18)

+ Increase jobs in the community by locating offices, light
industry, and commercial centers in or near suburbs, or by
enabling work at home via computer terminals. These alterna-
tives save commuting time and energy and provide local jobs,

Encourage walking or the use of small, low-speed, energy-
effcient vehicles (microcars, motorized tricycles, bicycles, etc.)
for many local trips now performed by full-size automobiles.

Promote more diverse, flexible housing as alternatives to con-
ventional, detached single-family houses. “In-fill” building
between existing houses saves energy, reduces land costs, and
might help provide a variety of living arrangements. Allow-
ing owners to turn unused rooms into rental units provides
space for those who can't afford a house and brings income
to retired people who don't need a whole house themselves,

Create housing “superblocks” that use space more efficiently
and foster a sense of security and community. Widen periph-
eral arterial streets and provide pedestrian overpasses so traf-
fic flows smoothly around residential arcas; narrow streets
within blocks, to slow traffic so children can play more safely.
The land released from streets can be used for gardens, linear
parks, playgrounds, and other public areas that will foster
community spirit and encourage people to get out and walk

FIGURE 22.18 This walking street in Queenstown, New
Zealand, provides opportunities for shopping, dining, and
socializing in a pleasant outdoor setting
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New Flu Vaccines

Why do we need a new flu vaccination
every fall2 Why can't they make one
that lasts for years like the measles/
mumps shot that we got as infants?
The answer s that the flu virus has an
alarming ability to mutate rapidly. Our
bodies are constantly trying to identify m
and buld defenses against new viruses,
while viruses have evolved methods to
evlve rapily and avoid survelance Bt

amsagun

by our immune system. Understanding s sosorped
the principles of evolution and genet- . o 347

ics has mad it possible to defend our-
selves from the flu—provided we get
the vaccines right each year.

Viruses can't replicate by them-
selves. They have to invade a cell
of a higher organism and hijack the
cell’s biochemical systems. If multiple
viruses infect the same cell, their RNA
molecules (genes) can be mixed and
recombined to create new virus strains.
To invade a cel, the virus binds to a receptor on
the cell surface (fg. 1). The binding proteins are
called hemagglutin (because they also bind to
antibodies in our blood). The viruses also have
proteins called neuraminidases on their surface,
which play a role in budding of particls from
the cell membrane and modifying sugars on the
virus exterior. Influenza has 16 groups of H pro-
teins and 9 groups of N proteins. We identify
virus strains by code names, such s HSN1, o
NZNZ based on their surface protens

Every year, new influenza strains sweep
across the world, and because they change
their surface proteins, our immune system fails
to recognize them. The Centers for Disease Con-
trol constantly surveys the flu strains occur-
ring elsewhere to try to guess what varieties
are most likely to invade the United States.

highest oil content to plant and mate. After

s parice

R Rearamdse 0

epidemic) in recorded history. The 1918
Spanish flu killed upward of 50 million

P\q v Bidvius peopl. This family alo infects pigs, but
. Newgenetaly it rarely kills them. For year, the swine
iedsuan’  flu vinuses seemed to evolve more slowly

VialRNAls
s i Fost el copies
Hostell nucleus i
whenmakingnew ' yialRNA
pied Vs partices "

When different strains of the influenza virus infect the same cell, their
genetic materal can intermix to create a new re-assorted variety.

Vacines ar prepared based on that best guess,
but sometimes they're wrong. An unknown vari-
ety can suddenly appear against which ve have
neither residual immunity nor vaccines. The
result s a bad flu season.

An example of the surprises caused by
rapid flu evolution occurred in 2009. A virus
in the HAN1 family emerged in Mexico, where
it infected at least 1,000 people and killed
around 150. As it spread into the United States,
children were particularly susceptible, while
adlts, particularly those over 60, often had
some degree of immunity. While that virus wasn't
as lethal as first feared, by November 2009 it
had infected about 50 millon Americans with
200,000 hospitaizations and 10,000 deaths,

The HIN family is notorious as the source
of the worst influenza pandemic (vorldwide

than human strains, but this picture is
changing. Sudenly, pig viruses have
begun to evolve at a much faster rate
and move to humans with increasing fre-
quency. Gritics of industrial agriculture
charge that pigs increasingly are rased in
enomous industial facites where dis-
eases can quickly sweep thiough up to a
millon crowded animal. Many epidemi-
ologists consider the roughly one billion
g now raised annually to be laborato-
ries for manufacturing new vius srais.
Pigsalso serve as a conduit between
umans and other animals. That's because
they'e susceptible to viruses fiom many
sources. And once inside a cell, vial
s can mix feely o create new, more
virulent combinations. The 2009 HIN1, for
‘example, was shown to have genes from at least
five differnt strans: a North America swine flu,
North American avian flu, human influenza, and
two swine viruses typically found in Asia and
urope. Is thought that the recombination of
these various strains occurred in pigs, although
we don't know when or where that took place.
So for the time being, we must continue
to get a new inoculation annually and hope it
protects us against the main flu strains we're
likely to encounter in the nest flu season.
Someday, there may be 2 universal vaccine that
will immunize us against al influenza viuses,
but for now, that's just a dream.
information, see Branswell, H.
2011, Fl factories. Scentific American 304(1):
46-51.

90 generations, the  birds with large beaks disappeared. This included almost all of

average oil content had increased 430 percent.

Evolutionary change is also oceurring in nature. A classic
example is seen in some of the finches on the Galdpagos Island of
Daphne. Twenty years ago, a large-billed species (Geospiza mag-

billed species (Geospiza fortis). The G. magnirostris were better at
eating larger seeds and pushed G. fortis to depend more and more
on smaller seeds. Gradually, birds with smaller bills suited to small
seeds became more common in the G. fortis population. During
a severe drought in 2003-2004, large seeds were scarce, and most
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the recently arrived G. magnipostris as well as the larger-beaked
G. forts. In just two generations, the G. fortis population changed
10 entirely small-beaked individuals. At first,this example of rapid
evolution was thought to be a rarity, but subsequent research sug-
‘gests that it may be more common than previously thought
Similarly, the widespread application of pesticides in agri-
culture and urban settings has led to the rapid evolution of resi
tance in more than 500 insect species. Similarly, the extensive
use of antibiotics in human medicine and livestock operations
has led to antibiotic resistance in many microbes. The Centers for
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1. Single population

2. Geographically isolated populations

FIGURE 4.1 Geographic barriers can result in allopatric
speciation. During cool, moist glacial periods, what is now
Arizona was forest-covered, and squirrels could travel and inter-
breed freely. As the climate warmed and dried, desert replaced
forest on the plains. Squirels were confined to cooler mountain-
tops, which acted s island refugia, where new, reproductively
isolated species gradually evolved.

Disease Control estimates that 90,000 Americans die every year
from hospital-acquired infections, most of which are resistant
0 one or more antibio f’re engaged in a kind of an arms
race with germs. As quickly as new drugs are invented, microbes
become impervious to them. Currently, vancomycin is the drug
of last resort. When resistance to it becomes widespread, we may
have no protection from infections.

Think About It

iy to understand the postion of someane who holds an opposite
view from your own about evolution. Why would they argue for
or against this theory? If you were that person, what evidence
would you want {o see before you'd change your beliefs?

On the other hand, evolution sometimes works in our favor.
We've spread a number of persistent organic pollutants (called
POPS), such as pesticides and industrial solvents, throughout
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our environment. One of the best ways to get rid of them is with
microbes that can destroy or convert them to a nontoxic form. It
turns out that the best place to look for these species is in the most
contaminated sites. The presence of a new food source has stimu-
lated evolution of organisms that can metabolize it. A ltle artfi-
cial selection and genetic modification in the laboratory can tum
these species into very useful bioremediation tools.

Taxonomy describes relationships among species

‘Taxonomy is the study of types of organisms and their relation-
ships. With it you can trace how organisms have descended from
common ancestors. Taxonomic relationships among species are
displayed like a family tree. Botanists, ecologists, and other scien-
tists often use the most specific levels of the tree, genus and spe-
cies, (0 compose binomials. Also called scientific or Latin names,
they identify and describe species using Latin, or Latinized nouns
and adjectives, or names of people or places. Seientists commu-
nicate about species using these scientific names instead of com-
mon names (e.g., ion, dandelion, or ant lion), to avoid confusion.
A common name can refer to any number of species in different
places, and a single species might have many common names. The
bionomial Pinus resinosa, on the other hand, always is the same
tree, whether you cal it a red pine, Norway pine, or just pine.
Taxonomy also helps organize specimens and subjects in
museum collections and research. You are Homo sapiens (human)
and cat chips made of Zea mays (com or maize). Both are mem-
bers of two well-known kingdoms. Scientists, however, recognize
six kingdoms (fig. 4.12): animals, plants, fungi (molds and mush-
rooms), protists (algae, protozoans, slime molds), bacteria (or

R V* T~¢

Archae-
bacteria

Bacteria _Protisa_ Plantae Fungi  Animalia

FIGURE 4.12 The six great kingdoms representing all ffe on
earth. The kingdoms are grouped in domins indicating common
origins.
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In 2010 more than 18 million motor vehicles were sold in
China, making it both the world's largest manufacturer and the
largest market for automobiles. The number of cars, buses, vans,
and trucks on the road in China is expected to surpass the number
in the United States by 2050. How those vehicles will be powered
of vital importance to our global ecosystem. Already Chinese
efficiency standards are higher than those in the United States,
and Chinese companies are making rapid progress in developing
hybrid and all-electric vehicles.

22.5 SMART GROWTH

Smart growth is a term that describes such strategies for well-
planned developments that make efficient and effective use of land
resources and existing infrastructure. An altemative to haphazard,
poorly planned sprawling developments, smart growth involves
thinking ahead to develop pleasant neighborhoods while minimiz-
ing the wasteful use of space and tax dollars for new roads and
extended sewer and water lines,

Smart growth aims to make land-use planning democratic.
Public discussions allow communities to guide planners. Mixing
land uses, rather than zoning exclusive residential areas far sepa-
rate from commercial areas, makes living in neighborhoods more
enjoyable. By planning a range of housing styles and costs, smart
‘growth allows people of all income levels, including young fami-
ies and aging gmndpumnl\ 1o find housing they can afford. Open

rween planners and th helps make
urban expansion (mr predictable, and cost-effective.

Smart growth approaches acknowledge that urban growth is
inevitable; the aim is to direct growth, to make pleasant spaces for
us to live, and to preserve some accessible, natural spaces for all
o enjoy (table 22.4). It trives to promote the safety, livability, and
revitalization of existing urban and rural communities.

Smart_growth protects environmental quality. It attempts
1o reduce traffic and to conserve farmlands, wetlands, and open
space. This may mean restrcting land use, but it also means find-
ing economically sound ways to reuse polluted industrial areas
within the city (fig. 22.17). As cities grow and transportation and
communications enable communities to interact more, the need for
regional planning becomes both more possible and more pressing.
Community and business leaders need to make decisions based
on a clear understanding of regional growth needs and how infra-
structure can be built most efficiently and for the greatest good.

Table 22.4 Goals for Smart Growth

1. Create a positive self-image for the community.

2. Make the downtown vital and livable.

3. Alleviate substandard housing.

4. Solve problems with air, water, toxic waste, and noise pollution.

5. Improve communication between groups.
6. Improve community member access to the arts.

Source: Vision 200, Cattanooga, TN

FIGURE 22.17 Many cities have large amounts of unused
open space that could be used to grow food. Residents often
need help decontaminating soil and gaining access to the land.

One of the best examples of successful urban land-use plan-
ning in the United States s Portland, Oregon, which has rigorously
enforced a boundary on its outward expansion, requiring, instead,
that development be focused on in-filling unused space within the
ity limits. Because of its many urban amenities, Portland is con-
sidered one of the most livable cities in America. Between 1970 and
1990, the Portland population grew by S0 percent but s total land
area grew only 2 percent. During this time, Portland property taxes
decreased 29" percent and vehicle miles traveled increased only
2 percent. By contrast, Alanta, which had similar population
‘growth, experienced an explosion of urban sprawl that increased
its land area three-fold, drove up property taxes 22 percent, and
increased traffic miles by 17 percent. A result of this expanding
traffic and increasing congestion was that Atlanta’s air pollution
increased by 5 percent, while Portland’s, which has one of the best
public transit systems in the nation, decreased by 86 percent.

Garden cities and new towns were early
examples of smart growth

‘The twentieth century saw numerous experiments in building new
towns for society at large that try to combine the best features of
the rural village and the modern city. One of the most influential
of all urban planners was Ebenezer Howard (1850-1929), who not
only wrote about ideal urban environments but also built eal cities
10 test his theories. In Garden Cities of Tomorrow, written in 1898,
Howard proposed that the congestion of London could be refieved
by moving whole neighborhoods to garden cities separated from
the central city by a greenbelt of forests and fields.

In the early 19005, Howard worked with architect Raymond
Unwin to build two garden cities outside of London, Letchworth
and Welwyn Garden. Interurban il ransportaion provided access
10 these cities. Houses were clustered in “superblocks” surrounde
by parks, gardens, and sports grounds. Streets were curved. Safe
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spent less than 4 hours per year in traffic jams. In 2000, the aver-
age speed in Los Angeles was only 35.6 mph (57.3 knv/hr), and
the average driver spent 82 hours per year waiting for traffic.
Although new automobiles are much more efficient and cleaner
operating than those of a few decades ago, the fact that we drive so
much farther today and spend so much more time idling in stalled
traffic means that we burn more fuel and produce more pollution
than ever before.

Alogether, it is estimated that traffic congestion costs the

United States $78 billion per year in wasted time and fuel. Some
people argue that the existence of traffic jams i cities shows that
more freeways are needed. Often, however, building more traffic
lanes simply encourages more people to drive farther than before.
Rather than ease congestion and save fuel, more freeways can
erbate the problem.
Spraw! impoverishes central cities from which residents and
businesses have fled. With a reduced tax base and fewer civic
leaders living or working in downtown areas, the city is unable to
maintain its infrastructure. Streets, parks, schools, and civie build-
ings fall into disrepair at the same time that these facilities are
being built at great expense in new suburbs. The poor who are
Teft behind when the upper and middle classes abandon the city
center often can't find jobs where they live and have no way to
commute o the suburbs where jobs are now located. About one-
third of Americans are too young, 100 old, or t00 poor to drive.
For these people, car-oriented development causes isolation and
makes daily tasks like grocery shopping very difficult. Parents,
especially mothers, spend long hours transporting young children.
Teenagers and aging grandparents are forced to drive, often pre-
senting a hazard on public roads.

Sprawl also is bad for your health. By encouraging driving
and discouraging walking, sprawl promotes a sedentary lifestyle
that contributes to heart attacks and diabetes, among other prob-
Tems. In Atlanta, for example, the lowest-density suburbs tend to
have significantly higher rates of overweight residents than the
highest-density neighborhoods.

Think About It

Who benelits most from urban sprawl, and who benefts least?
In what ways do you beneft and sufer from sprawf? Do home
buyers infiate the process of urban expansion, or do develop-
€rs? What condtions help make this process so persistent?

Finally, sprawl fosters uniformity and alienation from local

history and natural environment. Housing developments
& fen e bised on only a few standard housing styles, while
shopping centers and strip malls everywhere feature the same
national chains. You could drive off the freeway in the outskirts of
almost any big city in America and see exactly the same brands of
fast-food restaurants, motels, stores, filling stations, and big-box
shopping centers,
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Mass transit could make our cities more livable

Many a are now rebuilding the public

systems that were abandoned in the 1950s (fig. 22.16). Consider
how different your life might be if you lived an automobile-free
life in a city with good mass transit

A famous example of successful mass transit is found in
Curitiba, Brazil. High-speed, bi-articulated buses, each of which
can carry 270 passengers, travel on dedicated roadways closed
10 all other vehicles. These bus-trains are linked to 340 feeder
routes extending throughout the city. Everyone in the city is
within walking distance of a bus stop that has frequent, conve-
nient, affordable service. Curitiba’s buses carry some 1.9 million
passengers per day, or about three-quarters of all personal trips
within the city. Working with existing roadways for the most part,
the city was able to construct this system for one-tenth the cost of
alight rail system or freeway system, and one-hundredth the cost
of a subway.

But many developing countries are adopting the automobile-
centered model of the United States rather than Curitiba’s model.
‘Traffic accidents have become the third-largest cause of years of
Tostlfe worldwide. For example, the number of vehicles increased
eightfold in Nigeria and sixfold in Pakistan between 1980 and
2000, while the road networks in those countries expanded by
only 10 to 20 percent in the same time.

The recent introduction of the Tata Nano in India raises night-
mares for both urban planners and energy experts. Costing less than
2, hese tiny vehicles put car ownership withis
for millions who could neverafford it before. But they will pobably
increase gasoline consumption greatly and result in huge traffic jams
s inexperienced drivers fake to the road for the firs time.

FIGURE 22.16 Many American ciies are now rebulding

light rail systems that were abandoned in the 1950s when free-
‘ways were buill. Light railis energy-efficient and popular, but it
can cost up to $100 milion per mile ($60 milion per kilometer).
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eubacteria), and archaebacteria (ancient, single-celled organisms
that live in harsh environments, such as hot springs). Within these
Kingdoms are millions of different species, which you will learn
more about in chapters 5 an

4.2 SPECIES INTERACTIONS SHAPE
BrorLoGicAL COMMUNITIES

‘We have leamed that adaptation o one’s environment, determination
of ecological niche, and even speciation is affected not just by bodily
limits and behavior, but also by competition and predation. Don't
despair. Not all biological nteractions are antagonistic, and many, in
fact, atleast tolerance.
In some cases, different organisms depend on each other to acquire
resources. Now we will look at the interactions within and between
species that affect their success and shape biological communitis.

Competition leads to resource allocation

Competition is a type of antagonistic relationship within a bio-
logical community. Organisms compete for resources that are in
limited supply: energy and matter in usable forms, living space,
and specific sites to carry out life’s activities. Plants compete for
‘growing space to develop oot and shoot systems so that they
can absorb and process sunlight, water, and nutrients (fig. 4.13).
Animals compete for living, nesting, and feeding sites, and also
for mates. Competition among members of the same species is
called intraspecific competition, whereas competition between
members of different species is called interspecific competition.
Recall the competitive exclusion principle as it applies to iner-
specific. competition. Competition shapes a species population
and biological community by causing individuals and species to
shift their focus from one segment of a resource type to another
“Thus, warblers all competing with each other for insect food in
New England tend to specialize on different areas of the forest’s
trees, reducing or avoiding competition. Since the 19505 there have
been hundreds of interspecific competition studies in natural popu-
lations. In general, scientists assume it does occur, but not always,
and in some groups—camivores and plants—it has ltle effect.

In intraspecific competition, members of the same species
compete directly with each other for resources. Several avenues
exist (0 reduce competition in a species population. First, the young.
of the year disperse. Even plants practice dispersal; sceds are car-
vied by wind, water,and passing animals o less crowded conditons
away from the parent plants. Second, by exhibiting strong territo-
riality, many animals force their offspring or trespassing adulis out
of their vicinity. In ths way territorial species, which include bears,
songbirds, ungulates, and even fish, minimize competition between

rations. A third way
petition s resource partitioning between generations. The adults and
juvenles of these species occupy different ecological niches. For
instance, monarch caterpillars munch on milkweed leaves, while
metamorphosed butterflies lap nectar. Crabs begin as floating larvae
and do not compete with bottom-dwelling adult crabs.
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FIGURE 4.13 In this tangled Indonesian rainforest, space
and light are at a premium. Plants growing beneath the forest
canopy have adaptations that help them secure these limited
resources. The ferns and bromeliads seen here are epiphytes;
they find space and get closer to the sun by perching on iimbs
and tree trunks. Strangler figs start out as epiphytes, but send
roots down to the forest floor and, once contact is made, put on
a growth spurt that kil the supporting tree. These are just some
of the adaptations to lfe in the dark jungle.

We think of compeiton among animals as a batle for
resources—nature red in tooth and claw" i the phrase. I fact, many
animals avoid fighting if possible, o confront one another with noise
and predictable movements. Bighom sheep and many other ungu-
lates, for example, engage in ritualized combat, with the weaker ani-
mal knowing instinctively when to back off. I's worse to be injured
thanto lose. Instead, competition often i simply about getting to food.
or habitat fist, or being able to use it more efficiently. As we d
cussed, each species has tolerance limits for nonbiological (abiotic)
factors. Studies often show that, when two species compete, the one
living in the center of it tolerance limits for a range of resources has
an advantage and, more often than not, prevails in competition with
another species living outside its optimal environmental conditions.

Predation affects species relationships

Al organisms need food o live. Producers make their own food,
while consumers eat organic matter created by other organisms.
As we saw in chapter 3, photosynthetic plants and algae are the
producers in most communities. Consumers include herbivores,
camivores, omnivores, scavengers, detrtivores, and decomposers.
You may think only camivores are predators, but ecologically
a predator is any organism that feeds directly on another living
organism, whether or not this kills the prey (fig. 4.14). Herbivores,
camivores, and omivores, which feed on live prey, are predators,
but scavengers, detritivores, and decomposers, which feed on dead
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FIGURE 4.14 Insect herbivores are predators as much

as are lions and tigers. In fact, insects consume the vast major-
ity of biomass in the world. Gomplex patterns of predation and
defense have often evolved between insect predators and their
plant prey.

things, are not. In this sense, parasites (organisms that feed on a
host organism or steal resources from it without necessarily killing
it) and even pathogens (disease-causing organisms) can be consid-
ered predator organisms. Herbivory is the type of predation prac-
ticed by grazing and browsing animals on plants.

Predation is a powerful but complex influence on species pop-
ulations in communities. Tt affects (1) all stages in the life cycles
of predator and prey species; (2) many specialized food-obiaining
mechanisms: and (3) the evolutionary adjustments in behavior and
body characteristics that help prey escape being eaten, and preda-

tors more efficiently catch their prey. Predation also interacts with
competition. In predator-mediated competition, a superior com-
petitor in a habitat builds up a larger population than its competing
species; predators take note and increase their hunting pressure

entists remove predators from communities of competing spy
Often the superior competitors eliminated other species from the
habitat. Ina classic example,the ochre starfish (Pisaster ochraceus)

FIGURE 4.15 Microscopic plants and animals form the basic
levels of many aquatic food chains and account for a large per-
centage of total world biomass. Many oceanic plankion are larval
forms that have habitats and feeding relationships very different
from their adult forms

was removed from Pacific tidal zones and its main prey, the com-
mon mussel (Mytilus californicus), exploded in numbers and
crowded out other intertidal species

Knowing how predators affect prey populations has direct
application to human needs, such as pest control in cropland. The
cyclamen mite (Phytonemus pallidus), for example, is a pest of
California strawberry crops. Its damage to strawberry leaves is
reduced by predatory mites (Typhlodromus and Neoseiulus), which
arive naturally or are introduced into fields. Pesticide spraying
0 control the cyclamen mite can actually increase the infestation
because it also kills the beneficial predatory mites.

Predatory relationships may change as the life stage of an organ-
ism changes. In marine ccosystems, crustaceans, mollusks, and
worms release eges directly into the water where they and hatchling
larvae join the floating plankton community (fig. 4.15). Planktonic
animals eat cach other and are food for larger camivores, including
fish. As prey species mature, their predators change. Bamacle larvac
are planktonic and are eaten by small fish, but as adults their hard
shells protect them from fish, but not starfish and predatory snails
Predators often switch prey in the course of their lives. Camivorous
adult frogs usually begin their lives as herbivorous tadpoles. Predators
also switch prey when it becomes rare, or something else becomes
abundant. Many predators have morphologies and behaviors that
make them highly adaptable to a changing prey base, but some, like
the polar bear are highly specialized in their prey preferences

Some adaptations help avoid predation

Predator-prey relationships exert selection pressures that favor evo-
lutionary adaptation. In this world, predators become more efficient
at searching and feeding, and prey become more effective at escape
and avoidance, Toxic chemicals, body armor, extraordinary speed,
and the ability to hide are a few strategies organisims use to protect
themselves. Plants have thick bark, spines, thons, or distasteful and
even harmful chemicals in tissues—poison ivy and stinging nettle
are examples. Arthropods, amphibians, snakes, and some mammals
produce noxious odors or poisonous secretions that cause other spe-
cies 10 leave them alone. Animal prey are adept at hiding, flecing,
or fighting back. On the Serengeti Plain of East Africa, the swift
‘Thomson's gazelle and even swifter cheetah are engaged in an arms.
race of speed, endurance, and quick reactions. The gazelle escapes
often because the cheetah lacks stamina, but the cheetah acceler-
ates from 0 to 72 kph in 2 seconds, giving it the edge in a surprise
attack. The response of predator to prey and vice versa, over tens of
thousands of years, produces physical and behavioral changes in a
process known as coevolution. Coevolution can be mutually ben-
eficial: many plants and pollinators have forms and behaviors that
benefit each other. A classic case is that of fuit bats, which pollinate
and disperse seeds of fuit-bearing tropical plants.

Ofien species with chemical defenses display distinet col-
oration and patterns to warn away enemies (fig. 4.16). In a neat
evolutionary twist, certain species that are harmless resemble
poisonous or distasteful ones, gaining protection against preda-
tors who remember a bad experience with the actual toxic organ-
ism. This is called Batesian mimiery, after the English naturalist

(a) 1972
FIGURE 22.14 Satelite images of Las Vegas, Nevada, in 197:
three decades

Transportation is crucial in city development

Getting people around within a large urban area has become one
of the most difficult problems that many city officials face. A cen-
tury ago most American cities were organized around transporta-
tion corridors. First horse-drawn carriages, then electric streetcars
provided a way for people to get to work, school, and shops.
Everyone, rich or poor, wanted 10 live as close 1o the city center
as possible.

The introduction of automobiles allowed people o move to
suburbs, and cities began to spread over the landscape. The U.S
Interstate. Highway System was the largest construction project
in human history. Originally justified as necessary for national
defense, it was really a huge subsidy for the oil, rubber, automo-
bile, and construction industries. s 72,000 km (45.000 mi) of
freeways probably did more than anyihing to encourage sprawl
and change America into an auto-centered society

Because many Americans now live far from where they work,
shop, and recreate, most consider it essential o own a private
automobile. The average U.S. driver spends about 443 hours per
year behind a steering wheel. This means that for most people, the
equivalent of one full 8-hour day per week is spent sitting in an
automobile. Of the 5.8 billion barrels of oil consumed cach year
in the United States (60 percent of which is imported), about two-
thirds is burned in cars and trucks. As chapter 16 shows, about tw
thirds of allcarbon monoxide, one-third of all nitrogen oxides, and
one-quarter of all volatile organic compounds emitted each year
from human-caused sources in the United States are released by
automobiles, trucks, and buses

Building the roads, parking lots, flling stations, and other
facilities needed for an automobile-centered society takes a vast
amount of space and resources (fig. 22.15). In some metropolitan
areas it is estimated that one-third of all land is devoted to the
automobile. To make it easier for suburban residents to get from
their homes 1o jobs and shopping, we provide an amazing net-
work of freeways and highways. At a cost of several trillion dol-
Jars to build, the interstate highway system was designed to allow
us to drive at high speeds from source to destination without ever

(b)2002
2 (a) and 2002 (b). The metropolitan area quadrupled in

having to stop. As more and more drivers clog the highways,
however, the reality is far different. In Los Angeles, for example,
which has the worst congestion in the United States, the average
speed in 1982 was 58 mph (93 kmvhr), and the average driver

FIGURE 22.15 Freeways give us the llusion of speed and
privacy, but they consume land, encourage sprawl, and create
congestion as people move farther from the city to get away from
traffic and then have to drive to get anywhere.
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of the most rapidly growing metropolitan areas like Phoenix, Ari-
zona; Boulder, Colorado; Austin, Texas; and San Jose, California,
are centers for high-technology companies located in landscaped
suburban office parks. These cities often lack a recognizable
downtown, being organized instead around low-density hou
ing developments, national-chain shopping malls, and extensive
freeway networks. For many high-tech companies, being located
near industrial centers and shipping is less important than a good
climate, ready access to air travel, and amenities such as natural
beauty and open space.

Urban sprawl consumes land and resources

While the move to suburbs and rural areas has brought many ben-
efits to the average citizen, it also has caused numerous urban
problems. Cities that once were compact now spread over the
landscape, consuming open space and wasting resources. This pat-
tem of urban growth is known as sprawl, While there is no univer-
sally accepted definition of the term, sprawl generally includes the
characteristics outlined in table 22.3. As former Maryland Gover-
nor Parrs N. Glendening said, “In ts path, spraw] consumes thou-
sands of acres of forests and farmland, woodlands and wetlands. It
requires government to spend millions extra to build new schools,
streets, and water and sewer lines.” And Christine Todd Whitman,
former New Jersey governor and head of the Environmental Pro-
tection Agency, said, “Sprawl eats up our open space. It creates
traffic jams that boggle the mind and pollute the air. Sprawl can
make one feel downright claustrophol
In most American metropolitan areas, the bulk of new hous-
is in large, tract developments that leapfrog out beyond
@ the edge of the city in a search for inexpensive rural land with
few restrictions on land use or building practices (fig. The
US. Depatment of Hossing and Uban Devclopment simstes
that urby
of farmland each year. Because cities often are located in fertile
tiver valleys or shorelines, much of that land would be especially
valuable for producing crops for local consumption. But with

Table 22.3 Characteristics of Urban Sprawl

1. Unlimited outward extension.

Low-density residential and commercial development.

. Leapfrog development that consumes farmand and natura areas.

Fragmentation of power amang many small unts of government.

Dominance of freeways and private automobiles.

No centralized planning or control of land uses.

Widespread strip malls and big-box” shopping centers.

Great fiscal disparities among localitis.

. Reliance on deteriorating older neighborhoods fo low-income
housing.

Decaying city centers as new development occurs in previously

urel areas.

Source:Excerp fom 2 speech by Anthory Downs t the CTS Transportation Research
Confrence s appeared on Websie by Panmers Web, Burington, VT, 2001,
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FIGURE 22.13 Huge houses on sprawling lols consume
land, alienate us from our neighbors, and make us ever more
dependent on automobiles. They also require a lot of lawn mowing!

planning authority divided among many small, local jurisdictions,
metropolitan areas have no way to regulate growth or provide
for rational, efficient resource use. Small towns and township or
county officials generally welcome this growth because it profits
Tocal landowners and business people. Although the initial price
of tract homes often is less than comparable urban property, there
are external costs in the form of new roads, sewers, water mains,
power lines, schools, and shopping centers and other extra infra-
structure required by this low-density development.

Landowners, builders, real estate agents, and others who
profit from this crazy-quilt development pattern generally claim
that growth benefits the suburbs in which it occurs. They prom-
ise that adding additional residents will lower the average taxes
for everyone, but in fact, the opposite often is true. In a study
titled Better Not Bigger, author Eben Fodor analyzed the costs of
medium-density and low-density housing. In suburban Washing-
ton, D.C., for instance, each new house on a quarter acre (0.1 ha)
Tot cost $700 more than it paid in taxes. A typical new house on a
5 acre (2 ha) lot, however, cost $2,200 more than it paid in taxes
because of higher expenses for infrastructure and services. Ironi-
cally, people who move out to rural areas to escape from urban
problems such as congestion, erime, and pollution often find that
they have simply brought those problems with them. A neighbor-
hood that seemed tranquil and remote when they first moved in,
So0n becomes just as crowded, noisy, and difficult as the city they
Teft behind as more people join them in their rural retreat

In a study of 58 large American urban areas, author and
former mayor of Albuguerque, David Rusk, found that between
1950 and 1990, populations grew 80 percent, while land area
grew 305 percent. In Atlanta, Georgia, the population grew
32 percent between 1990 and 2000, while the total metropoli-
tan area increased by 300 percent. The city is now more than
175 km across. Atlanta loses an estimated $6 million to traffic
delays every day. By far the fastest growing metropolitan region
in the United States is Las Vegas, Nevada, which doubled its
population but quadrupled its size in the 1990s (fig. 22.14a and b).
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FIGURE 4.16 Poison arrow frogs of the family Dendrobati-
dae display striking patterns and brillant colors that alert potential
predators to the extremely toxic secretions on their skin. Indige-
nous people in Latin America use the toxin to arm blowgun darts.

H. W, Bates (1825-1892), a traveling companion of Alfred Wallace.
Many wasps, for example, have bold patterns of black and yel-
Tow stripes to wam potential predators (fig. 4.17a). The much
rarer longhor beetle has no stinger but looks and acts much like
a wasp, tricking predators into avoiding it (fig. 4.17b). The dis-
tasteful monarch and benign viceroy butirflies are a classic
case of Batesian mimicry. Another form of mimicry, Miillerian
mimicry (after the biologist Fritz Miiler) involves two unpalat-
able or dangerous species who look alike. When predators learn to
avoid either species, both benefit. Species also display forms, col-
ors, and pattems that help avoid being discovered. Insects that look
like dead leaves or twigs are among the most remarkable examples
(fig. 4.18). Unfortunately for prey, predators also often use camou-
flage to conceal themselves as they lie in wait for their next meal

Symbiosis involves intimate relations
among species
In contrast to predation and competition, some interactions
between organisms can be nonantagonistic, even benefical.
In such relationships, called symbiosis, two or more species
live intimately together, with their fates linked. Symbiotic rela-
tionships often enhance the survival of one or both partners. In
lichens, a fungus and a photosynthetic partner (cither an alga or
a cyanobacterium) combine issues (o mutual benefit (fig. 4.190).
This association is called mutualism. Some ecologists believe
that cooperative, mutualistic relationships may be more important
in evolution than commonly thought (fig. 4.19). Survival of the
fittest may also mean survival of organisms that can live together.
Symbiotic relationships often entail some degree of coevolu-
tion of the partners, shaping—at least in part—their structural and
behavioral characteristics. This mutualistic coadaptation is evi-
dent between swollen thom acacias (Acacia collinsi) and the ants
(Pseudomyrmex ferruginea) that tend them in Central and South
America. Acacia ant colonies live inside the swollen thorns on the
acacia tree branches. Ants feed on nectar that is produced in glands
a the leaf bases and also eat special protein-rich structures that are
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FIGURE 4.17 An example of Batesian minicry. The danger-
ous wasp (a) has bold yelow and black bands to warn predators
away. The much rarer longhorn beetle (b) has no poisonous stinger,
but looks and acts like a wasp and thus avoids predators as wel.

produced on leaflet tips. The acacias thus provide shelter and food
for the ants. Although they spend energy to provide these services,
the trees are not harmed by the ants. What do the acacias get in
retum? Ans aggressively defend their territories, driving away her-
bivorous insects that would feed on the acacias. Anis also trim away
vegetation that grows around the tree, reducing competition by other
plants for water and nutrients. You can see how mutualism is struc-
turing the biological community in the vicinity of acacias harboring
ants, just as competition or predation shapes communities.
Mutualistic relationships can develop quickly. In 2005 the
Harvard entomologist E. O. Wilson pieced together evidence to
explain a 500-year-old agricultural mystery in the oldest Span-
ish settlement in the New World, Hispaniola. Using historical
accounts and moder research, Dr. Wilson reasoned that mutual-
m developed between the tropical fire ant (Solenopsis geminata),
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FIGURE 4.18 This walking stick s highly camouflaged to
blend in with the forest floor. Natural selection and evolution have
created this remarkable shape and color,

native to the Americas, and a sap-sucking insect that was probably
introduced from the Canary Islands in 1516 on a shipment of plan-
tains. The plantains were planted, the sap-suckers were distributed
across Hispaniola, and in 1518 a great die-off of crops occurred.
Appatently the native fire ants discovered the foreign sap-sucking
sects, consumed their excretions of sugar and protein, and pro-
tected them from predators, thus allowing the introduced insect
population to explode. The Spanish assumed the fire ants caused
the agricultural blight, but a little ecological knowledge would
have led them to the real culprit.

‘ommensalism is a type of symbiosis in which one member
clearly benefits and the other apparently is neither benefited nor
harmed. Many mosses, bromeliads, and other plants growing on
trees in the moist tropics are considered commensals (fig. 4.19c).
‘These epiphytes are watered by rain and obtain nutrients from leaf
litter and falling dust, and often they neither help nor hurt the trees

on which they grow. Robins and sparrows that inhabit suburban
yards are commensals with humans. Parasitism, a form of preda-
tion, may also be considered symbiosis because of the dependency
of the parasite on its host.

Keystone species have
disproportionate influence

A keystone species plays a critical role in a biological commu-
nity thatis out of proportion to ts abundance. Originally, keystone
species were thought to be top predators—lions, wolves, tigers—
which limited herbivore abundance and reduced the herbivory of
plants. Scientists now recognize that less-conspicuous species also
play keystone roles. Tropical figs, for example, bear fruit year-
round at a low but steady rate. If figs are removed from a forest,
many fruit-eating animals (frugivores) would starve in the dry sea-
son when fruit of other species is scarce. In turn, the disappearance
of frugivores would affect plants that depend on them for pollina-
tion and seed dispersal. It is clear that the effect of a keystone spe-
cies on communities often ripples across trophic levels.

Keystone functions have been documented for vegetation-
clearing elephants, the predatory ochre sea star, and frog-eating
salamanders in coastal North Carolina. Even microorganisms can
play keystone roles. In many temperate forest ecosystems, groups
of fungi that are associated with tree roots (mycorrhizae) facilitate
the uptake of essential minerals. When fungi are absent, rees grow
poorly or not at all. Overall, keystone species seem to be more
common in aquatic habitats than in terrestrial ones.

The role of keystone species can be difficult to untangle from
other species interactions. Off the norther Pacific coast, a giant
brown alga (Macroeystis pyrifera) forms dense “kelp forests.” which
shelier fish and shellfish species from predators, allowing them to
become established in the community. It tums out, however, that sea
otters eat sea urchins living in the kelp forests (fig. 4.20); when
otters are absent, the urchins graze on and eliminate kelp forests.

(@) Lichen on a rock. (b) Oxpecker and impala.

(c) Bromeliad

FIGURE 4.19 Symbiotic relationships. (2) Lichens represent an obligatory mutuaiism between a fungus and alga or cyanobacterium
(o) Mutualism between a parasite-eating red-billed oxpecker and parasite-infested impala. (c) Commensalism between a tropical tree and

free-loading bromeliad.
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People for Community Recovery

The Lake Calumet Industrial District on Chicago’s far South Side is an
environmental disaster area. A heavily industrialized center of steel
mills, ol refinerie, railroad yards, coke ovens, factories, and waste
disposal facilities, much of the site is now a marshy wasteland of landfils,
toxic waste lagoons, and slag dumps, around a system of artificial ship
channels.

At the southwest comer of this degraded district sits Aligeld Gar-
dens, a low-income public housing project built in the late 19405 by the
Chicago Housing Authority. The 2,000 units of “The Gardens” or “The
Projects.”as they are called by the largely minority residents, are low-rise:
row houses, many of which are vacant or in poor repair. But residents of
Altgeld Gardens are doing something about their neighborhood. People
for Community Recovery (PCR) i a grassroots citizen’s group organized
1o work for a clean environment, better schools, decent housing. and job
opportunties for the Lake Calumet neighborhood.

PCR was founded in 1982 by Mrs. Hazel Johnson, an Altgeld
Gardens resident whose husband died from cancer that may have been
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The Calumet industria distrct in South Chicago.

pollution-related. PCR has worked to clean up more than two dozen
waste sites and contaminated properties in their immediate vicinity.
Often this means challenging authorities to follow established rules
and enforce existing statutes. Public protests, leafleting, and comu-
nity meetings have been effective in public education about the dan-
gers of toxic wastes and have helped gain public support for cleanup
projects.

s efforts successfully blocked construction of new garbage and
hazardous waste landfils, transfer stations, and incinerators in the Lake
Calumet district. Pollution prevention programs have been established at
plants sill in operation. And PCR helped set up a communiity monitoring
program to stop llegal dumping and to review toic inventory data from
local companies,

Education is an important priorty for PCR. An environmental edu-
cation center administered by community members organizes workshops,
seminars, fact sheets, and outreach for citizens and local businesses. A
public health education and screening progra has been set up to improve
community health. Partnerships have been established with nearby C!
cago State University to provide technical assistance and training in envi-
ronmental issues,

PCR.

respon-
sible products and services are now available to residents. Jobs that are
being created as Green businesses are brought into the community, Wher-
ever possible, local people and minority contractors.
from the area are hired to clean up waste sites and
restore abandoned buildings. Job training for youth
and adults as well as retraining for displaced work-
ers s a high priorty

in the 19805, a young community organizer
named Barack Obama worked with PCR on jobs
creation, housing issues, and education. He credits
the lessons he learned there for much of his subse-
quent political successes. In his best-selling memoir
Dreans from My Father Obama devotes more than
100 pages to his formative experiences at Altgeld
‘Gardens and other nearby neighborhoods

5. Johnson have received many
awards for their fight against environmental racism
and despair. In 1992, PCR was the recipient of the
President’s Environmental and Conservation Chal-
lenge Award. PCR is the only African-American
‘grassroots organization i the country to receiv this
prestigious award.

Although Altgeld Gardens is far from clean,
much progress has been made. Perhaps the most
important accomplishment is community educa-
tion and empowerment. Residents have leaned
how and why they need to work together to
improve their living conditions. Could these same
Tessons be useful in your city or community? What
could you do to help improve urban environments.
where you live?

live and work in dispersed sites. Automobiles now make it pos-
sible for much of the working class to enjoy amenities such as
single-family homes, yards, and access to recreation that once
were available only to the elite.

In the United States, old, dense manufacturing cities such
as Philadelphia and Detroit have lost population as industry has
moved to developing countries. In a major demographic shift,
both businesses and workers have moved west and south. Some
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FIGURE 22.11 Homeless people have bt shacks along
this busy railroad track in Jakarta. It's a dangerous place to ive,
with many trains per day using the tracks, but for the urban poor,
there are few other choices.

Called barriads, barrios, favelas, or rgios in Latin America,
bidonvillas in Afica, or bustees in India, shantytowns surround
every megacity in the developing world (fig. 22.11). They are
not an_exclusive feature of poor countries, however. Some
250,000 immigrants and impoverished citizens live in the colonias
along the southern Rio Grande in Texas. Only 2 percent have
access to adequate sanitation. Many live in conditions as awful as
you would see in any developing world cty.

About three-quarters of the residents of Addis Ababa, Ethio-
pia, or Luanda, Angola, live in squalid refugee camps. Two-thirds
of the population of Calcutta live in unplanned squatter settle-
ments and nearly half of the 20 million people in Mexico City li
in uncontrolled, unauthorized shantytowns. Many governments try
o clean out iflegal settlements by bulldozing the huts and sending
riot police to drive out the setters, but the people either move back
in or relocate to another shantytown.

These populous but unauthorized settlements usually lack
sewers, clean water supplies, electricity, and roads. Often the
land on which they are built was not previously used because
it is unsafe or unsuitable for habitation. In Bhopal, India, and
Mexico City, for example, squatter settlements were built next
0 deadly industrial sites. In Rio de Janeiro, La Paz (Bolivia),
Guatemala City, and Caracas (Venezuela), they are perched on
landslide-prone hills. In Lima (Peru), Khartoum (Sudan), and
Nouakchott (Mauritania), shantytowns have spread onto sandy
deserts. In Manila, thousands of peaple live in huts built on tow-
ering mounds of garbage and burning industrial waste in city
dumps (fig. 22.12).

As desperate and inhumane as conditions are in these
slums and shantytowns, many people do more than merely sur-
vive there. They keep themselves clean, raise families, educate
their children, find jobs, and save a litrle money to send home
to their parents. They learn to live in a dangerous, confusing,
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FIGURE 22.12 Plastic waste has created mountains of
garbage, especially in developing countries with insufficient
waste management systems.

and rapidly changing world and have hope for the future. The
people have parties; they sing and laugh and cry. They are
amazingly adaptable and resilient. In many ways, their lives are
10 worse than those in the early industrial cities of Europe and
America a century ago. Perhaps continuing development will
bring better conditions to cities of the developing world as it
has for many in the developed world.

22.4 URBAN CHALLENGES IN THE
DEVELOPED WORLD

For the most part, the rapid growth of central cities that accom-
panied industrialization in nineteenth- and early twentieth-century
Europe and North America has now slowed or even reversed. Lon-
don, for instance, once the most populous city in the world, has
Tost nearly 2 million people, dropping from ts high of 8.6 million
in 1939 1o about 6.7 million now. While the greater metropolitan
area surrounding London has been expanding to about 10 million
inhabitants, the city itself is now only the twelfih largest city in
the world,

Many of the worst urban environmental problems of the more
developed countries have been substantially reduced in recent
years. Minority groups in inner cities, however, remain vulnerable
1o legacies of environmental degradation i industrial cities (What
Do You Think? p. 503).

In most developed countries, improved sanitation and meds
cal care have reduced or totally eliminated many of the commu-
nicable diseases that once afflicted urban residents. Air and water
quality have improved dramatically as heavy industry such as
steel smelting and chemical manufacturing have moved to devel-
oping countries. In consumer and information economies, work-
ers no longer need to be concentrated in central cities. They can
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FIGURE 4.20 Sea ofters protect kelp forests n the northern
Pacific Ocean by eating sea urchins that would otherwise destroy
the kelp. But the otters are being eaten by killer whales. Which

is the keystone in this community—or is there a keystone set of
organisms?

‘To complicate things, around 1990, killer whales began preying on
otters because of the dwindling stocks of seals and sea lions, thereby
creating a cascade of effects. Is the kelp, oter, o orca the keystone
ere? Whatever the case, keystone species exert their influence by
changing competitive relationships. In some communities. perhaps
we should call it a “keystone set” of organisms

4.3 COMMUNITY PROPERTIES AFFECT
SPECIES AND POPULATIONS

‘The processes and principles that we have studied thus far i this
chapter—tolerance limits, species interactions, resource parttion-
ing, evolution, and adaptation—play important roles in determi
ing the characteristics of populations and species. In this section
we will look at some fundamental properties of biological commu-
nites and ecosystems—productivity, diversity, complexity, resil-
ience, stability, and structure—to leam how they are affected by
these factors

Productivity is a measure of biological activity

A community’s primary productivity is the rate of biomass pro-
duction, an indication of the rate of solar energy conversion to
chemical energy. The energy left afier respiration is net primary
production. Photosynthetic rates are regulated by light levels, tem-
perature, moisture, and nutrient availability. Figure 421 shows
approximate productivity levels for some major ecosystems. As
you can see, tropical forests, coral reefs, and estuaries (bays or
inundated river valleys where rivers meet the ocean) have high
Tevels of productivity because they have abundant supplies of all
these resources. In deserts,lack of water limits photosynthesis. On
the arctic tundra or in high mountains, low temperatures inhibit
plant growth. In the open ocean, a lack of nutrients reduces the
ability of algae to make use of plentiful sunshine and water.

Some agricultural crops such as com (maize) and sugar cane
‘grown under ideal conditions in the tropics approach the produc-
tivity levels of tropical forests. Because shallow water ecosystems
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such as coral reefs, salt marshes, tidal mud flats, and other highly
productive aquatic communities are relatively rare compared to
the vast extent of open oceans—which often are effectively bi
logical deserts—marine ecosystems are much less productive on
average than terrestrial ecosystems.

Even in the most photosynthetically active ecosystems, only
a small percentage of the available sunlight is captured and used
10 make energy-rich compounds. Between one-quarter and three-
quarters of the light reaching plants is reflected by leaf surfacy
Most of the light absorbed by leaves is converted to heat that is
cither radiated away or dissipated by evaporation of water. Only
0.1100.2 percent o the absorbed energy is used by chloroplasts to
synthesize carbohydrates.

In a temperate-climate oak forest, only about half the inci-
dent light available on a midsummer day is absorbed by the
leaves. Ninety-nine percent of this energy is used to evaporate
water. A large oak tree can transpire (evaporate) several thou-
sand liters of water on a warm, dry, sunny day while it makes
only a few kilograms of sugars and other energy-rich organic
compounds.

What Can You Do? -

‘Working Locally for Ecological Diversity

You might think that diversity and complexity of ecological systems
are oo large or 100 abstract for you to have any influence. But you can
contribute to a complex, resilint, and interesting ecosystem, whether
you live i the inner city, a suburb, or a ural area.

« Keep your cat indoors. Our lovable domestic cats are also very
successful predators. Migratory birds, especially those nesting
on the ground, have not evolved defenses against these predators.

« Plant a butterfly garden. Use native plants that support  diverse

sect population. Native trees with berries or fruit also support
birds. (Be sure to avoid non-native invasive species: see
chapter 11.) Allow structural diversity (open areas, shrubs, and
trees) to support a range of species.

« Join a local environmental organization. Often, the best way to
be effective i to concentrate your efforts close to home. City
parks and neighborhoods support ecological communities, as do
farming and rural areas. Join an organization working to main-
tain ecosystem health; start by looking for environmental clubs
at your school, park organizations, a local Audubon chaper, o
a local Nature Conservancy branch,

« Take walks. The best way to leam about ecological systems in
your area is to take walks and practice observing your environ-
ment. Go with friends and try to identify some of the species
and trophic relationships in your area.

« Live in town. Suburban sprawl consumes wildlife habitat and
reduces ecosystem complexity by removing many specialized
plants and animals, Replacing forests and grasslands with lawns
and streets i the surest way to simplify, or eliminate, ecosystems.
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Abundance and diversity measure
the number and variety of organisms

Abundance s an expression of the total number of organiss in a
biological community, while diversity is a measure of the number
of different species, ecological niches, or genetic variation present.
‘The abundance of a particular species often is inversely related to
the total diversity of the community. That s, communities with a
very large number of species often have only a few members of
any given species in a particular ara. As a general rule, diversity
decreases but abundance within species increases as we go from the
equator toward the poles. The Arctic has vast numbers of insects
such as mosquitoes, for example, but only a few species. The trop-
ics, on the other hand, have vast numbers of species—some of
which have incredibly bizarre forms and habits—but often only a
few individuals of any particular species in a given area.

Consider bird populations. Greenland is home to 36 species
of breeding birds, while Colombia, which is only one-ifth the
size of Greenland, has 1395, Why are there so many species in
Colombia and so few in Greenland?

Cl are factors

Many areas in the tropics, by contrast, have relatively abun-
dant rainfall and warm temperatures year-round so that ecosys-
tems there are highly productive. The year-round dependability of
food, moisture, and warmth supports a great exuberance of lfe and
allows a high degree of specialization in physical shape and behav-
ior. Coral reefs are similarly stable, productive, and conducive
to proliferation of diverse and amazing life-forms. The enormous
abundance of brightly colored and fantastically shaped fish, cor-
als, sponges, and arthropods in the reef community is one of the
best examples we have of commnity diversiy

both of which
ate ependent on th total resource vaiabily inan ccosystem a5
well as the reliabilty of resources, the adaptations of the member
species, and the interactions between species. You shouldn’t assume
that all communities are perfectly adapted (o their environment. A
relatively new community that hasn't had time for niche specializa-
tion, or a disturbed one where roles such as top predators are miss-
ing, may not achieve maximum efficiency of resource use or reach
its maximun level of either abundance or diversity.

C ity structure describes spatial

Desert & Greenland has such a harsh climate that the
need (0 survive through the winer or escape
g
Tundra | o0 important critical factor that overwhelms
all other considerations and severely lim-
its the ability of species to specialize or
Grassland, differentate into. new forms. Further-
shrubland W more, because Greenland was
covered by glaciers unil about
10000 years ago, there has
been litle time for
new  species 10
develop.
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distribution of organisms

Ecological structure tefers to pattems of spatial distribution of indi-
viduals and populations within a community, as well as the relation
of a particular community to ts suroundings. At the local level, even
ina relatively homogencous environment, individuals i a single pop-

ulation can be distributed randomly, clumped together, or in highly
regular pattemns. In randomly arranged populations, individuals live
wherever resources are available (fig. 4.22a). Ordered patterns may
be determined by the physical environment but are more often the
result of biological compeition. For example, competition for nest-
ing space in seabird colonies on the Falkland Ilands is often fierce.

‘i‘i‘;‘lllﬂr e

T
2 4 6 8 10

T T T T ]
2 i 16 18 20

1000 keallmlyear

FIGURE 4.21 Relative biomass accumulation of major world ecosystems. Only plants and some bacteria capture solar energy.

Animals consume biomass to build their own bodies.
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Insufficient sewage treatment causes
water pollution

Few cities in developing countries can afford to build modern
waste treatment systems for their rapidly growing populations.
‘The World Bank estimates that only 35 percent of urban residents
in developing countries have satisfactory sanitation services. The
situation is especially desperate in Latin America, where only
2 percent of urban sewage receives any treatment. In Egyp, Cairo’s
sewer system was built about 50 years ago to serve a population
of 2 million people. It is now being overwhelmed by more than
10 million people. Less than one-tenth of India’s 3,000 towns and
ciies have even partial sewage systems and water treatment facili-
ties. Some 150 million of India’s urban residents lack access to
sanitary sewer systems.

Figure 22.10 shows one of many tidal canals that crisscross
Jakarta, and serve as the sewage disposal system for many of the
10 million city residents. In 2007, unusually heavy rain backed
up these canals and flooded about half the city. Health officials
braced for disease epidemic.

Some 400 million people, or about one-third of the popula-
tion, in developing world cities do not have safe drinking water,
according to the World Bank. Although city dwellers are some-
what more likely than rural people to have clean water, this stll
represents a large problem. Where people have to buy water from
merchants, it often costs 100 times as much as piped city water
and may not be any safer to drink. Many rivers and streams in
developing countries are little more than open sewers, and yet they
are all that poor people have for washing clothes, bathing, cook-
ing, and—in the worst cases—for drinking. Diarrhea, dysentery,
typhoid, and cholera are widespread diseases in these countries,
and infant mortality s tragically high (chapter 8).

Many cities lack adequate housing

The United Nations estimates that at least 1 billion people—
15 percent of the world's population—live in crowded, unsanitary
slums of the centra cities and in the vast shantytowns and squatter
settlements that ring the outskirts of most developing world cit-
ies. Around 100 million people have no home at all. In Mumbai,
India, for example, it is thought that half a million people sleep on
the streets, sidewalks, and traffic circles because they can find no
other place to live. In Brazil, perhaps 1 million “street kids” who
have run away from home or been abandoned by their parents live
however and wherever they can. This s surely a symptom of a
ragic failure of social systems.

Stums are generally legal but inadequate mulifamily ten-
ements or rooming houses, cither custom bult o rent to poor
people or converted from some other use. The chals of Mumbai,
India, for example, are high-rise tenements built in the 1950s to
house immigrant workers. Never very safe or sturdy, these dingy,
airless buildings are already crumbling and often collapse with-
out waning. Eighty-four percent of the families in these tene-
ments live in a single room; half of those families consist of six
or more people. Typically, they have less than 2 square meters of

FIGURE 22.10 This fidal canal in Jakarta serves as an open
sewer. By some estimates, about half of the 10 millon residents
o this city have no access to modern sanitation systems.

floor space per person and only one or two beds for the whole
family. They may share kitchen and bathroom facilities down the
hall with 50 to 75 other people. Even more crowded are the room-
ing houses for mill workers where up to 25 men sleep in a single
room only 7 meters square. Because of this crowding, household
accidents are a common cause of injuries and deaths in develop-
ing world cities, especially to children. Charcoal braziers or ker-
osene stoves used in crowded homes are a routine source of fires.
and injuries. With no place to store dangerous objects beyond the
reach of children, accidental poisonings and other mishaps are a
constant haza

Shantytowns are settlements created when people move

onto undeveloped lands and build their own houses. Shacks
@.\re built of corrugated metal, discarded packing crates,
brush, plastic sheets, or whatever building materials people can
scavenge. Some shantylowns are simply illegal subdivisions
where the landowner rents land without city approval. Others
are spontaneous or popular settlements or squatter towns where
people occupy land without the owner’s permission. Some-
times this occupation involves thousands of people who move
onto unused land in a highly organized, overnight land invasion,
building huts and laying out streets, markets, and schools before
authoriies can oot them out. In other cases, shantylowns just
gradually “happen.”
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currency exchange rate high stimulates export trade but makes it
difficult for small farmers to buy the fuels, machinery, fertlizers,
and seeds that they need. This depresses rural employment and
rural income while stimulating the urban economy. The effect s to
transfer wealth from the country to the city.

22.3 URBAN CHALLENGES IN THE
DEVELOPING WORLD

Large cities in both developed and developing countries face sim-
ilar challenges in accommodating the needs and by-products of
dense populations. The problems are most intense, however, in
rapidly growing cities of developing nations.

Cities in developing nations are also where most popula-
tion growth will oceur in coming decades (fig. 22.7). These cities
already struggle to supply food, water, housing, jobs, and basic
services for their residents. The unplanned and uncontrollable
arowth of those cities causes tragic urban environmental prob-
Tems. What responsibilities might we in richer countries have to
help people in these developing arcas?

Think About It

How many of the large ciies shown in figure 22.7 are in devel-
oping countries? What are some diferences between large cities
in wealthy countries and those in less-wealthy countries? If you
were a farmer in India or China, what would encourage you to
move to one of these cifies?

Traffic congestion and air quality
are growing problems

Afirst-time visitor to a supercity—particularly in a less-developed
country—is often overwhelmed by the immense crush of pedestsi-
ans and vehicles of all sorts that clog the streets. The noise, con-
gestion, and confusion of traffic make it seem suicidal to venture
onto the street. Jakarta, for instance, is one of the most congested
s in the world (fig. 22.8). Traffic is chaotic almost all the time.
People commonly spend three or four hours each way commuting
to work from outlying areas. Bangkok also has monumental traffic
problems. The average resident spends the equivalent of 44 days
a year sitting in traffic jams. About 20 percent of all fuel i
sumed by vehicles standing stil. Hours of work lost each year are
worth at least §3 billion,

“Traffic congestion is expected to worsen in many devel-
oping countries as the number of vehicles increases but road
construction fails to keep pace (fig. 22.9). All this traffic, much
of it involving old, poorly maintained vehicles, combines with
smoky factories, and use of wood or coal fires for cooking and
heating to create a thick pall of air pollution in the world’s
supercities. Lenient pollution laws, corrupt officials, inadequate
testing equipment, ignorance about the sources and effects of

con-
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FIGURE 22.8 Motorized rickshaws, motor scooters,
bicycles, street vendors, and pedestrians all vie for space on the
crowded streets of Jakarta. But in spite of the diffcutes of ving
here people work hard and have hope for the future.

pollution, and lack of funds to correct dangerous situations usu-
ally exacerbate the problem.

‘Whatisits human toll? An estimated 60 percent of Kolkata’s
residents are thought to suffer from respiratory diseases linked
to air pollution. Lung cancer mortality in Shanghai is reported
0 be four to seven times higher than rates in the countryside.
‘There have been some encouraging success stories, however. As
we saw in chapter 16, air pollution in Delhi decreased dramati-
cally after vehicles were required to install emission controls and
use cleaner fuels.
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FIGURE 22.9 Transport growth in selected developing
countries, 1980-2000.
Source: Eath Tens, 205
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(2) Random (b) Uniform

(c) Clustered

FIGURE 4.22 Distribution of members of a population in a given space can be (a) random, (b) uniform, or (c) clustered. The physi-
al environment and biological nteractions determine these patterns. The patterns may produce a graininess or patchiness in community

structure,

Each nest tends to be just out of reach of the neighbors siting on their
own nests. Constant squabbling produces  highly regular pattem
(fig. 4.22b). Similarly, sagebrush releases toxins from roots and fallen
Teaves, which inhibit the growth of competitors and create a crcle of
bare ground around each bush. As neighbors fllin empty spaces up o
the limit of this chemical barrir, a regular spacing results.

Some other species cluster together for protection, mutual
assistance, reproduction, or access 1o a particular environmen-
tal resource. Dense schools of fish, for instance, cluster closely
together in the ocean, increasing their chances of detecting and
escaping predators (fig. 4.22¢). Similarly, predators, whether
sharks, wolves, or humans, often hunt in packs to caich their prey.
A flock of blackbirds descending on a cornfield or a troop of
baboons traveling across the African savanna band together both
10 avoid predators and to find food more efficiently.

Plants can cluster for protection, as well. A grove of winds-
heared evergreen trees i often found packed tightly together at the
crest of a high mountain or along the seashore. They offer mutual
protection from the wind not only to cach other but also o other
creatures that find shelter in or under their branches.

Most are patchy at some scale. Organisms cl
ter or disperse according to patchy availability of water, nutrients,
or other resources. Distribution in a community can be vertcal as
well as horizontal. The tropical forest, for instance, has many lay-
ers, each with different environmental conditions and combina-
tions of species. Distinct communities of smaller plants, animals,
and microbes live at different levels. Similarly, aquatic communi-
ties are often stratified into layers based on light penetration in
the water, temperature, salinty, pressure, or other factors.

Complexity and connectedness are important
ecological indicators

Community complexity and connectedness generally are related
o diversity and are important because they help us visualize
and understand community functions. Complexity in ccological
terms refers to the number of species at each trophic level and the
number of trophic levels in a community. A diverse community
may not be very complex if all its species are clustered in only a
flew trophic levels and form a relatively simple food chain.

CHAPTER 4

By contrast, a complex, highly interconnected community
(fig. 4.23) might have many trophic levels, some of which can
be compartmentalized into subdivisions. In tropical rainforests,
for instance, the herbivores can be grouped into “guilds” based
on the specialized ways they feed on plants. There may be fruit
caters, leaf nibblers, root borers, seed gnawers, and sap suck-
ers, each composed of species of very different size, shape, and
even biological kingdom, but that feed in related ways. A highly
interconnected community such as this can form a very elaborate
food web.

Resilience and stability make communities
resistant to disturbance

Many biological communities tend to remain relatively stable and
constant over time. An oak forest tends to remain an oak forest,
for example, because the species that make it up have self-
perpetuating mechanisms. We can identify three kinds of stab
ity or resiliency in ecosystems: constancy (lack of fluctuations in
composition or functions), inertia (resistance to perturbations),
and renewal (ability to repair damage after disturbance)

In 1955, Robert MacAthur, who was then a graduate student
at Yale, proposed that the more complex and interconnected
community i, the more stable and resilient it will be i the face of
disturbance. If many different species occupy each trophic level,
some can fill in if others are stressed or eliminated by external
forces, making the whole community resistant to perturbations
and able to recover relatively easily from disruptions. This theory
has been controversial, however. Some studies support it, while
others do not. For example, Minnesota ecologist David Tilman,
in studies of native prairic and recovering farm fields, found that
plots with high diversity were beter able to withstand and recover
from drought than those with only a few species

n the other hand, in a diverse and highly specialized eco-
system, removal of a few keystone members can eliminate many
other associated species. Eliminating a major tree species from a
twopical forest, for example, may destroy pollinators and fruit dis-
tributors as well. We might replant the trees, but could we replace
the whole web of relationships on which they depend? In this case,
diversity has made the forest less resilient rather than more.

Evolution, Biological Communities, and Species Interactions 8



FIGURE 4.23 Tropical rainforests are complex structurally
and ecologicaly. Trees form leyers, each with a different amount
oflight and a unique combination of flra and fauna. Many insects,
arthropods, birds, and mammals spend their entire life in the
canopy. In Brazil's Atlantic Rainforest, a single hectare had 450 tree
species and many times that many insects. With so many species,
the ecologicalrelationships are complex and highly interconnected.

Diversity is widely considered important and has received a
great deal of atention. In particular, human impacts on diversity are
a primary concern of many ecologists (Exploring Science, p. 81).

Edges and boundaries are the interfaces
between adjacent communities

An important aspect of community structure is the boundary
between one habitat and its neighbors. We call these relation-
ships edge effects. Sometimes, the edge of a patch of habitat is
relatively sharp and distinct. In moving from a woodland patch
into a grassland or cultivated field, you sense a dramatic change
from the cool, dark, quiet forest interior o the windy, sunny,
warmer, open space of the meadow (fig. 4.24). In other cases,
one habitat type intergrades very gradually into another, so there
no distinet border.

Ecologists call the boundaries between adjacent communities
ecotones. A community that s sharply divided from its neighbors

% CHAPTER 4 Evolution, Biological Communi

is called a closed community. In contrast, communities with gradual
or indistinct boundaries over which many species cross are called
open communities. Often this distinction is a mater of degree or
perception. As we saw earler in this chapter, birds might feed in
fields or grasslands but nest n the forest. As they fly back and forth,
the birds inerconnect the ecosystems by moving energy and mate-
tial from one to the other, making both systems relatively open.
Furthermore, the forest edge, while clearly different from the open
field, may be sunnier and warmer than the forest interior, and may
have a different combination of plant and animal species than either
field or forest “core.”

Depending on how far edge effects extend from the bound-
ary, differently shaped habitat patches may have very dissimilar
amounts of interior area (fig. 4.25). In Douglas fir forests of the
Pacific Northwest, for example, increased rates of blowdown,
decreased humidity, absence of shade-requiring ground cover, and
other edge effects can extend as much as 200 m into a forest. A
40-acre block (about 400 m?) surrounded by clear-cut would have
essentially no true core habitat at all,

Many popular game animals, such as white-tailed deer and
pheasants that are adapted to human disturbance, often are most
plentiful in boundary zones between different types of habitat
Game managers once were urged to develop as much edge as pos-
sible to promote large game populations. Today, however, most
wildlife conservationists recognize that the edge effects associated

FIGURE 4.24 Ecotones are edges between ecosystems.
For some species, ecotones are barriers to migration, while other
species find these edges a partcularly hospitable habitat. There
are at least two ecotones i this picture: one between the stream
and the meadow, and another between the meadow and the for-
est. As you can see, some edges are sharp boundaries, while
others, such as the edge of the forest, are gradual.
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Consider Shanghai, for example. In 1985, the ity had a popula-

tion of about 10 million. I’s now about 19 million—including
@ at least 4 million migrant laborers. In the past decade,
Shanghai has built 4,000 skyscrapers (buildings with more than
25 floors). The city already has twice as many tall buildings as
Manhattan, and proposals have been made for 1000 more. The
problem is that most of this growth has taken place i @ swampy
area called Pudong, across the Huang Pu River from the historic
city center (see fig. 22.2). Pudong is now sinking about 1.5 cm
per year due to groundwater drainage and the weight of so many
buildings.

Other Chinese cities have plans for similar massive build-
ing projects to revitalize blighted urban areas. Harbin, an urban
complex of about 9 million people and the capital of Heilongii-
ang Province, for example, recently announced plans to relocate
the entire city across the Songhua River on 740 km? (285 mi%)
of former farmland. Residents hope these new towns will be both
more livable for their residents and more ecologically sustainable
than the old cities they're replacing. In 2005, the Chinese govern-
ment signed a long-term contract with a British engincering firm
10 build at least five “eco-cities.” each with about half a million
residents. Plans call for these cities to be self-sufficient in energy,
water, and most food products, with the aim of zero emissions of
‘greenhouse gases from transportation.

22.2 WaY Do CITIES GROW?

Urban populations grow in two ways: by natural increase (more
births than deaths) and by immigration. Natural increase is fucled
by improved food supplies, better sanitation, and advances
in medical care that reduce death rates and cause populations
10 grow both within cities and in the rural areas around them
(chapter 7). In Latin America and East Asia, natural increase
is responsible for two-thirds of urban population growth. In
Affica and West Asia, immigration is the largest source of
urban growth. Immigration to cities can be caused both by push
factors that force people out of the country and by pull factors
that draw them into the city.

Immigration is driven by push and pull factors

People migrate o cities for many reasons. In some areas, the coun-
yside is overpopulated and simply can't support more people.
“The “surplus” population is forced to migrate to cities in search of
jobs, food, and housing. Not ll rural-to-urban shifts are caused by
overerowding n the couniry, however. In some places, cconomic
forces or political, racial, or religious conflicts drive people out of
their homes. The countryside may actually be depopulated by such
demographic shifis. The United Nations estimated that in 2002 at
Teast 19.8 million people fled their native country and that about
another 20 million were inernal refugees within their own coun-
ury, displaced by political, economic, or social instability. Many of
these refugees end up in the already overcrowded megacities of
the developing world.

Land tenure patterns and changes in agriculture also play a
role in pushing people into cities. The same pattern of agricul-
tral mechanization that made farm labor largely obsolete in the
United States early in this century is spreading now to devel-

ping countries. Furthermore, where land ownership is concen-
trated in the hands of a wealthy clite, subsistence farmers are
often forced off the land so it can be converted to grazing lands
or monoculture cash crops. Speculators and absentee landlords
Tet good farmland sit idle that otherwise might house and feed
rural families

Even in the largest and most hectic cities, many people are
there by choice, attracted by the excitement, vitality, and oppor-
nity to meet others like themselves. Cities offer jobs, housing,
entertainment, and freedom from the constraints of village tra-
ditions. Possibilities exist in the city for upward social mob
prestige, and power not ordinarily available in the country. Cit-
ies support specialization in arts, crafis, and professions for which
markets don't exist elsewhere.

Modern communications also draw people to cities by broad-
casting images of luxury and opportunity. An estimated 90 percent
of the people in Egypr, for instance, have access to a television set.
‘The immediacy of television makes city life seem more familiar
and attainable than ever before. We generally assume that beggars
and homeless people on the streets of developing nations’ teem-
ing cities have no other choice of where to live, but many of these
people want to be in the city. In spite of what appears to be dismal
conditions,living in the city may be preferable to what the country
had to offer.

Government policies can drive urban growth

Governmentpolicies often favor urban over rural arcas in
ways that both push and pull people into the cities. Developing
countries commonly spend most of their budgets on improving
urban areas (especially around the capital city where leaders
live), even though only a small percentage of the population
lives there or benefits directly from the investment. This gives
the major cities a virtual monopoly on new jobs, housing, edu-
cation, and opportunities, all of which bring in rural people
searching for a better life. In Peru, for example, Lima accounts
for 20 percent of the country’s population, but has 50 percent
of the national wealth, 60 percent of the manufacturing, 65 per-
cent of the retail trade, 73 percent of the indusirial wages, and
90 percent of all banking in the country. Similar statistics per-
tain to Sao Paulo, Mexico City, Manila, Cairo, Lagos, Bogotd,
and a host of other cites.

Governments often manipulate exchange rates and food prices
for the benefit of more politically powerful urban populations but
at the expense of rural people. Importing lower-priced food pleases
ity residents, but local farmers then find it uneconomical to grow
crops. As a result,an increased number of people leave rural areas
10 become part of a large urban workforce, keeping wages down
and industrial production high. Zambia, for instance, sets maize
prices below the cost of local production to discourage farming
and to maintain a large pool of workers for the mines. Keeping the
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Large cities are expanding rapidly

You can already see the dramatic shift in size and location of big
cities. In 1900 only 13 cities in the world had populations over
1 million (table 22.2). All of those cites, except Tokyo and Peking
were in Europe or North America. London was the only city in
the world with more than 5 million residents. By 2007, there were
at least 300 cities—100 of them in China alone—with more than
1 million residents. OF the 13 largest of these metropolitan areas,
none are in Europe. Only New York City and Los Angeles are in
a developed country. By 2025, it's expected that at least 93 cities
will have populations over 5 million, and three-fourths of those
cities will be in developing countries (fig. 22.7). In just the next
25 years, Mumbai, India; Delhi, India; Karachi, Pakistan; Manila,
Philippines; aud Jakarta, Indonesia all are expected to grow by at
Teast 50 perce

China repm\cm the largest demographic shift in human
history. Since the end of Chinese collectivized farming and fac-
tory work in 1986, around 250 million people have moved from
rural areas to cities. And in the next 25 years an equal number is
expected to join this vast exodus. In addiion to expanding existing
cities, China plans to build 400 new urban centers with popula-
tions of at least 500.000 over the next 20 years. Already at least
half of the concrete and one-third of the steel used in consiruction
around the world each year s consumed in China.

80 %0 10 120 00 0 w0 a0 3

Table 22.2  The World's Largest Urban Areas
(Populations in Millions)

1900 2015+

London, England. 66 Tokyo, Japan 310
New York, USA 42 NewYork, USA 299
Pari, France 33 Mexico City 20
Bertin, Germany 24 Seoul, Korea 19.8
Chicago, USA 17 ko Paulo, Brazil 185
Vienna, Austria 16 Osaka, Japan 17.6
Tokyo, Japan 15 Jakarta, Indonesia 17.4
St. Petersburg, Russia 1.4 Delhi, India 16.7
Philadelphia, USA 14 Los Angeles, USh 16.6
Manchester, England 1.3 Beijing, China 16.0
Bimingham, England 1.2 Gairo, Eqypt 155
Moscow, Russia 11 Manila, Philippines 135
Peking, China* 11 Buenos Aires, Brazil 129
“How spelled Beiing

“Pjected
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FIGURE 22.7 By 2025, at least 400 cities will have populations of 1 million or more, and 93 supercities wil have populations above
5 milion. Three-fourths of the world's largest cities wil be in developing countries that already have trouble housing, feeding, and employ-

ing their people.
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What Do You Think?

What's the Harm in Setting Unused Bait Free?

Invasions of landscapes by alien species are one of the most dramatic
causes of environmental change today. Effects can range from endanger-

ec
scapes. Exotic species often cause huge problems. For example, when
brown tree snakes (Boiga irregularis) were introduced into Gua in the
19505, they extirpated most of the native forest bird and amphibian spe-
cies on the island. In another example, infestation of American lakes and

tivers by Zebra mussels (Driessena polymorpha) in the 1980s resulted in
population explosions of these tiny mollusks that smother
beds, destroy native clam species, and clog utility intake pipes. In mhcr
cases, the results e subller and people who release foreign s
think they're doing a good deed. A case in point is the spread of Eumpﬂn
earthworm species into northern hardwood forests

For several decades, hikers in the deciduous forests of northern
Minnesota, Wisconsin, and Michigan reported that some areas of the
forest floor looked ~lmngcl)‘ mum of leaf ltter and were m
familiar flower species. Ecologists suspected that exotic worm speci
might be responsible. e\pbuz“v e thse domded sess iemed
to be around boat landings and along shorelines where anglers discard
unwanted bait. Anglers often think they are being benevolent when they
release unwanted worms. They don't realize the ecological effects they
may be unleashing,

Northern forests in North America normally lack earthworms
because they were removed thousands of years ago when glaciers bull-
dozed across the landscape. Vegetation has retumed since the glaciers
retreated, but worms never made it back to these forests. Over the past
10,000 years, or so, local flora and fauna have adapted to the absence
of earthworms. For successful growth, seedlings depend on a thick layer
of leaf mulch along with associations with fungi and invertebrates that
live in the upper soil horizons. Earthworms, which eat up the lter layer,

No worm invasion.

disrupt nutrent cyclin
the forest floor commu
do we analyze these changes and show they're really the work
of worms? Andy Holdsworth, a graduate student in Conservation Biology
at the University of Minnesota, studied the effects of earthworm invasion
in the Chequamegon and Chippewa National Forests in Wisconsin and
Minnesota. He chose 20 areas in each forest with similar forest type, soils,
‘and management history. Each area bordered on lakes and had no logging
activity in the last 40 years. On transects across each area, all vascular
plants were identified and recorded. Earthworm populations were sam-
pled both by hand sifting dirt samples and by pouring mustard extraction
solutions on plots to drive worms out. Soil samples were taken for pH,
texture, and density analysis;
orth found a mixture of European worm species in most of
his sites, reflecting the diversity used as fishing bait. By plotting worm
biomass against plant diversity, he showed that worm infestation rates
corelated with decreased plant species richness and abundance. Among
the species most likely to be missing in worm-invaded plots were wild
sarsaparilla (Aralia nudicaulis), big-leaved aster (Aster macrophylius),
rose twisted stalk (Streptopus roseus), hairy Solomon's seal (Polygona-
tum pubescens), and princess pine (Lycopodium obscurum)
erhaps most worrisome were low nurmbers of some tree species,
especially sugar maple (Acer saccharum) and basswood (Tilia anericana),
which are among the defining species of these forests. Adult rees don't
seem 10 be adversely affected by the presence of exatic worms, but their
seedlings require deep leaf ltter to germinate, liter that s con:umed by
suggest
hat nasions of the lowly worm may lead evntualy (0 dmnnuc l:mngc\
i the composition and structure of whole forests
‘What do you think? How can we minimize the impacts of well-meaning
actions such as seting unused worms free? How can we know when small
acts of benevolence to one organism can cause wholesale damage 1o oth-
ers? Can you think of other misinformed but well-intentioned actions n your
community?
or more information, see A. Holdsworth, L. Frelich, and P. Reich.
2007. Conservation Biology 21(4): 97-1008,

soil organism populations, and other aspects of
ty.

Heavy worm invasion.
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Total area: 47 ha Core area: 0 ha

Total area: 47 ha Core area: 20 ha

FIGURE 4.25 Shape can be as important as size in smal
preserves. Whil these areas are similr in size, no place in the
top figure is far enough from the edge to have characteristios of
core habitat, while the botiom patch has a significant core.

with habitat fragmentation are generally detrimental to biodiver-
sity. Preserving large habitat blocks and linking smaller blocks
with migration corridors may be the best ways to protect rare and
endangered species (chapter 12)

4.4 CoMMUNITIES ARE DYNAMIC
AND CHANGE OVER TIME

If fire sweeps through a biological community, it's destroyed,
right? Not so fast. Fire may be good for that community. Up
uniil now, we've focused on the day-to-day interactions of organ-
isms with their environments, set in a context of adaptation and
selection. In this section, we'll step back and look at more
dynamic aspects of communities and how they change over time.

The nature of communities is debated

For several decades starting in the carly 19005, ecologists in North
America and Europe argued about the basic nature of communi-
ties. It doesn’t make interesting party

conversation, but those discussions  Exposed rocks

affected how we study and understand y
communities, view the changes tak-
ing place within them, and ulimately <

Pioneer community Climax community

use them. Both J. E. B. Warming

sequence of stages, starting either from bare rock or after a severe
disturbance. They worked in sand dunes and watched the changes
as plants first took root in bare sand and, with further develop-
ment, created forest. This example represents constant change, not
stabiliy. In sand dunes, the community that developed last and
lasted the longest was called the climax community.

“The idea of climax community was first championed by the
biogeographer F. E. Clements (1874-1943). He viewed the pro-
cess as a relay—species replace each other in predictable groups
and in a fixed, regular order. He argued that every landscape has a
characteristic climax community, determined mainly by climate.
If left undisturbed, this community would mature to a character-
istic set of organisms, each performing s optimal functions. A
climax community to Clements represented the maximum con-
plexity and stability that was possible. He and others made the
analogy that the development of a climax community resembled
the maturation of an organism. Both communities and organisms,
they argued, began simply and primitively, maturing until a highly
integrated, complex community developed.

“This organismal theory of community was opposed by Clem-
ents’ contemporary, H. A. Gleason (1882-1975), who saw commu-
nity history as an unpredictable process. He argued that species are
individualistc, each establishing in an environment according to its
ability to colonize, tolerate the environmental conditions, and repro-
duce there. This idea allows for myriad temporary associations of
plants and animals o form, fall apart, and reconstiute in slightly dif-
ferent forms, depending on environmental conditions and the species
in the neighborhood. Imagine a time-lapse movie of a busy airport ter-
minal. Passengers come and go; groups form and dissipat. Patterns
and assemblages that seem significant may not mean much a year
later. Gleason suggested that we think eco-
systems are uniform and stable o
only because our lfetimes Balsam fir
are 100 short and our Paper birch
geographic  scope
0o limited to
understand. their
actual dynamic

nature
Grasses
FHoros
Shrubs
Tree seedings
s g
Mosses

(1841-1924) in Denmark and Henry

Chandler Cowles (1869-1939) in  FIGURE 4.26 One example of primary succession, shown in five stages (eft to right).
the United States came up with the  Here, bare rocks are colonized by fichens and mosses, which trap moisture and buid soilfor
idea that communities develop in a grasses, shrubs, and eventually trees.
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FIGURE 22.4 Since their earliest origins, cities have been
centers of education, religion, commerce, poitics, and culture.
Unfortunately, they have aiso been sources of pollution, crowding,
disease, and misery.

country. Concentrating people in urban areas leaves open space
available for farming and biodiversity. But cities can also be
dumping grounds for poverty, pollution, and unwanted members
of society. Providing food, housing, transportation, jobs, clean
water, and sanitation to the 2 or 3 billion new urban residents
expected to crowd into cities—especially those in the developing
world—in this century may be one of the preeminent challenges
of this century.

As the case study of Vauban shows, there is much we can do
to make our cities more livable. Of course, Vauban is in Germany,
a very wealthy country tht can afford major transformations to its
cities and transporation systems. What are the prospects for such
transformations in countries that are very poor? What hope is there
for them?

Cities have specialized functions
as well as large populations

Since their earlest origins, cities have been centers of education,
religion, commerce, record keeping, communication, and politi-
cal power. As cradles of civilization, cities have influenced cul-
ture and society far beyond their proportion of the total population
(fig. 22.4). Uniil about 1900, only a small percentage of the worlds
people lived permanently in urban areas, and even the greatest cit-
ies of antiquity were small by modern standards. The vast majority
of humanity has always lived in rural areas where they subsisted
on natural resources—farming, fishing, hunting, timber harvest-
ing, animal herding, or mining

Just what makes up an urban area or a city? Definitions differ
‘The U.S. Census Bureau considers any incorporated community
1o be acity, regardless of size, and defines any city with more than
2,500 residents as urban. More meaningful definitions are based
on functions. In a rural area, most residents depend on agriculture
or other ways of harvesting natural resources for their livelihood.
In an urban area, by contrast, a majority of the people are not
directly dependent on natural resource-based occupations.

A village is a collection of rural households linked by cul-
ture, custom, family ties, and association with the land (fig. 22.5).
Acity, by contrast, is adifferentiated community with a population

FIGURE 22.5 This vilage in Chiapas, Mexico, is closely tied
to the land through culture, economics, and family relationships.
While the timeless pattern of lfe here gives a great sense of iden-
tit, it can also be stifing and repressive.

and resource base large enough to allow residents to specialize in
art, erafls, services, or professions rather than natural resource-
based occupations. While the rural village often has a sense of
security and connection, it also can be stifling. A city offers more
freedom to experiment, to be upwardly mobile, and to break from
restrictive traditions, but it can be harsh and impersonal,

Beyond about 10 million inhabitants, an urban area is con-
sidered a supercity or megacity. Megacities in many parts of the
world have grown to enormous size. Chongging, China, having
annexed a large part of Sichuan province and about 30 million
people, claims to be the biggest city in the world. In the United
States, urban areas between Boston and Washington, D.C., have
merged into a nearly continuous megacity (sometimes called Bos-
‘Wash) containing about 35 million people. The Tokyo- Yokohama-
Osaka-Kobe corridor contains nearly 50 million people. Because
these agglomerations have expanded beyond what we normally
think of as a city, some geographers prefer to think of them as
urbanized core regions that dominate the social, political, and
economic life of most countries (fig. 22.6).

FIGURE 22.6 Urban core agglomerations (lavender areas)
are forming megelopoiises in many areas. Whie open space
remains in these areas, the flow of information, capital, labor,
goods, and services links each into an interacting system.
Source: 5. Cests Burea
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22.1 URBANIZATION

For most of human history, the vast majority of people have lived
rural areas where they engaged in hunting and gathering, farm-
ing, fishing, or other natural-resource based occupations. Since the
beginning of the Industrial Revolution about 300 years ago, how-
ever,cities have grown rapidly in both size and power (fig. 22.2)
Now, for the fist time ever, more people live in urban areas than
in the country. In 1950, only 38 percent of the world population
lived in cites (table 22.1). By 2030, that percentage is expected to
nearly double. This means that over the next three decades about
3 billion people will crowd into cities. Some areas—Europe, North
America, and Latin America—are already highly urbanized. Only
Afiica and Asia are below 45 percent urbanized.

Demographers predict that 90 percent of the human popu-
lation growth in this century will occur in developing countris,
and that almost all of that growth will occur in cities (fig. 22.3).
Already huge urban agglomerations (mergers of multiple

FIGURE 22.2 In less than 20 years, Shanghai, China, has
buit Pudong, a new city of 1.5 millon residents and 500 sky-
scrapers on former marshy farmiand across the Huang Pu River
from the historic city center. This kind of rapid urban growth is
‘occurring in many developing countries.
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Table 22.1 Urban Share of Total Population
(Percentage)
1950 2000 2030*

Africa 184 w06 57.0
Asia 193 38 503
Europe 56.0 7.0 815
Latin America 400 703 7.7
North America 639 74 85
Oceania 320 05 60.7
World 383 594 705

“prjected
Source: Uit Nations Popuatio Division, 2010

municipalities) are forming throughout the world. Some of these
megacities (urban areas with populations over 10 million people)
are already truly enormous, some claiming up to 30 million peo-
ple. Can cities this size—especially in poorer countries—supply
all the public services necessary to sustain a civilized life?

If we are to learn to live sustainably—that s, to depend on
renewable resources while also protecting environmental qual-
ity, biodiversity, and the ecological services on which all life
depends—that challenge will have to be met primarily in the cities
of the world, where most people wil live. Many of us dream of
moving 10 a secluded hideaway in the country, where we could
‘grow our own food, chop wood, and carry water. But it probably
isn't possible for 6.5 billion people (let alone the § to 9 billion
expected by the end of this century) to live rural, subsistence life-
styles. Learning to live together in cites is probably the only way
we'll survive.

Cities can be engines of economic progress and social
reform. Some of the greatest promise for innovation comes from
cites like Vauban, where innovative leaders can focus knowl-
dgeandresontes o commcn roblems. Ches e b ffiint

. where ma
and goads and services are more readily available ﬂ\ﬂn in (he

—— Urban, more developed
—— Urban, less developed
= Rural, more developed
= Rural, less developed

Population (millions)

0
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Year

FIGURE 22.3 Growth of urban and rural populations in
more-developed regions and in less-developed vsg\ons
Do
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Ecological succession describes a history
of community development

In any landscape, you can read the history of biological communi-
ties. That history is revealed by the process of ecological succession.
During succession, organisms occupy a site and change the environ-
mental conditions. In primary suceession land that i bare of soil—a
sandbar, mudslide, rock face, volcanic flow—is colonized by liv-
ing organisms where none lived before (fig. 4.26). When an exist-
ing community is disturbed, a new one develops from the hmlwg\ul
legacy of the old in a process called secondary succession. In
Kinds of succession, organisms change the environment by mod.\(y—
ing soil, light levels, food supplies, and microclimate. This change
‘permits new species o colonize and eventually replace the previous
species, a process known as ecological development or faciltation.

In primary succession on land, the first colonists are hardy pio-
neer species, often microbes, mosses, and lichens that can with-
stand a harsh environment with few resources. When they die, the
bodies of pioneer species create patches of organic matter. Organ-
ics and other debris accumulate in pockets and crevices, creating
soil where seeds lodge and grow. As succession proceeds, the com-
munity becomes more diverse and interspecies comy ri
Pioneers disappear as the environment favors new colonses tht
have competitive abilities more suited 1o the new environment.

‘You can see secondary succession all around you, in abandoned
farm felds, in clear-cut forests, and in disturbed suburbs and lots. Soil
and possibly plant roots and seeds are present. Because soillacks veg-
etation, plants that live one or two years (annuals and biennials) do
well. Their light seeds travel far on the wind, and their seedlings toler-
ate full sun and extreme heat. When they die, they lay down organic
materal tat improvesthe sl ity and selers e seelings.

d perennial grasses, herbs, shrubs, and
e hld, building up the soi’s organic matter and increasing its
ability to store moisture. Forest species that cannot survive bare,
sunny d imple food. truc-
ture, and shelter from drying winds and low humidity.

Generalists figure prominently in early succession. Over thou-
sands of years, however, competition should decrease as niches
proliferate and specialists arise. In theory, long periods of com-
munity development lead to greater community complexity, high
nutrient conservation and recycling, stable productivity, and great
resistance to disturbance—an ideal state to be in when the slings
and arrows of misfortune arrive.

Appropriate disturbances
can benefit communities

Disturbances are plentiful on earth: landslides, mudslides, hailstorms,
carthquakes, hurricanes, tomadoes, tidal waves, wildfires, and vol-
canoes, 1o name just the obvious. A disturbance is any force that
disrupts the established pattemns of species diversity and abundance,
communiy structre, or commnity popetes. Arimals can cause
disturbance. tsmall tres, and
tear down tree limbs as they forage and move abou, opening up forest
‘communities and creating savannas. People also cause disturbances

CHAPTER 4

FIGURE 4.27 These "stump barrens” in Michigan's Upper
Peninsula were created over a century ago when clear-cutting of
dense white pine forest was followed by repeated burning. The
stumps are left from the original forest, which has not grown back
in more than 100 years.

with agriculture, forestry, new roads and citis, and construction proj-
ects for dams and pipelines. It s customary in ecology to distinguish
between natural disturbances and human-caused (or anthropogenic)
disturbances, but a subtle point of clarificationis needed.

Aboriginal populations have disturbed and continue to dis-
turb communities around the world, setting fire (o grasslands and
savannas, practicing slash-and-bun agriculture in forests, and so
on. Because their populations often are or were relatively small,
the disturbances are patchy and limited in scale in forests, or
restricted to quickly passing wildfires in grasslands, savannas, or
woodland, which are comprised of species already adapted to fire.

The disturbances caused by technologically advanced and
numerous people however, may be very different from the
turbances caused by small groups of aborigines. In the Kingston
Plains of Michigan’s Upper Peninsula, clear-cut logging followed
by repeated human-set fires from 1880 to 1900 caused a change
in basic ecological conditions such that the white pine forest has
never regenerated (fig. 4.27). Given the right combination of
turbances by modern people, or by nature, it may take hundreds
of years for a community to return to s predisturbance state.

il i species,
much as predation does, because it sets back supreme competitors
and allows less-competitive species to persist. In northern temperate
forests, maples (especally sugar maple) are more prolific seeders
‘and more shade tolerant at different stages of growth than nearly any
other tree species. Given decades of succession, maples outcompete
other trees for a place in the forest canopy. Most species of oak,
hickory, and other light-requiring trees diminish in abundance, as do
species of forest herbs. The dense shade of maples basically starves
other species for light. When windstorms, tomadoes, wildfires, or
ice storms hit a maple forest, rees are toppled, branches broken, and
light again reaches the forest floor and stimulates seedlings of oaks
and hickories, as well as forest herbs. Breaking the rip of a super-
competitoris the helpful role disturbances often play.

Evolution, Biological Communities, and Species Interactions 9



FIGURE 4.28 This lodgepole pine forest in Yellowstone
National Park was once thought to be a climax forest, but we now
know that this forest must be constantly renewed by periodc fre.
Itis an example of an equiibrium, or disclimax, community.

Some landscapes never reach a stable climax in a traditional
sense because they are characterized by periodic disturbance
and are made up of disturbance-adapted species that survive
fires underground, or resist the flames, and then reseed quickly
after fires. Grasslands, the chaparral serubland of California and
the Mediterrancan region, savannas, and some kinds of conifer-
ous forests are shaped and maintained by periodic fires that have
Tong been a part of their history (fig. 4.28). In fact, many of the
dominant plant species in these communities need fire to suppress
competitors, to prepare the ground for seeds to germinate, or o
pop open cones or spli thick seed coats and release seeds. Without
fire, community structure would be quite different.

People taking an organismal view of such communities
believe that disturbance is harmful. In the early 19005 this view
merged with the desire to protect timber supplies from ubiquitous
wildfires, and to store water behind dams while also controlling
floods. Fire suppression and flood control became the central
policies in American natural resource management (along with
predator control) for most of the twentieth century. Recently, new
concepts about natural disturbances are entering land management
discussions and bringing change to land management policies.
Grasslands and some forests are now considered “fire-adapted”
and fires are allowed to burn in them if weather conditions are

94 CHAPTER 4  Evolution, Biological Communities, and S
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appropriate. Floods also are seen as erucal for maintaining flood-
plain and river health. Policymakers and managers increasingly
consider ecological information when deciding on new dams and
levee construction projects.

From another view, disturbance resets the successional
clock that always operates in every community. Even though
all seems chaotic after a disturbance, it may be that preserving
species diversity by allowing in natural disturbances (or ju
ciously applied human disturbances) actually ensures stability
over the long run, just as diverse prairies managed with fire
recover after drought. In time, community structure and pro-
ductivity get back to normal, species diversity i preserved, and
nature seems to reach its dynamic balance.

Introduced species can cause profound
community change
Succession requires the continual introduction of new community
members and the disappearance of previously existing species.

New species move in as conditions become suitable: others

die or move out as the community changes. New species also
can be introduced after a stable community already has become
established. Some cannot compete with existing species and fail
10 become established. Others are able to fit into and become part
of the community, defining new ecological niches. If, however,
an introduced species preys upon or competes more successfully
with one or more populations that are native o the community, the:
entire nature of the community can be altered.

Human introductions of Eurasian plants and animals to
non-Eurasian communities often have been disastrous to native

FIGURE 4.29 Mongooses were released in Hawai in an
effort to control rats. The mongooses are active during the day,
however, whi the rats are night creatures, so they ignored each
other. Instead, the mongooses attacked defenseless native birds
and became as great a problem as the rats.
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Case StUdY Vauban: A Car-free Suburb

What would it be like to live in a
city without automobiles? Resi-
»k dents of Vauban, a district in the
city of Freiburg, Germany, have a
lifestyle that suggests it might be both
enjoyable and economical. In Vauban, it’s
50 casy to get around by tram, bicycle, and on foot that there is
little need to depend on cars. The community is designed using
“smart growth” principles with stores, banks, schools, and restau-
ants within casy walking distance of homes. Jobs and office
@ space are available nearby, and trams to the city center run
every few minutes through the center and around the edges of Vau-
ban. Residential streets are narrow and vehicle-free, making a great
place for bicycles and playing
children. Cars must be parked
in a large municipal ramp. at
the edge of town, and buying a
space there costs $40,000. Con-
sequenty, nearly threc-quarters
of Vauban's families don’t own a
car,and more than half soldtheir
car to move there.

Fewer vehicles means less
air pollution and reater safety
for pedesirians, but most families
moved to Vauban not for envi-
ronmental reasons but because
they believe a car-free lifestyle is
healthier for children. Schools,
child-care services, playgrounds,
and sports facliies arc a short
bike ride from all houses. Chil-

U.S., where the average car costs about $9,000 per year. Residents
of areas like Vauban can put that money to other uses.

Vauban'’s comfortable row houses, with balconies and pri-
vate gardens, are designed to conserve energy but maximize
quality of life. Clever use of space, beautiful woodwork, large
balconies, and large, superinsulated windows make the homes
feel spacious while maintaining a small footprint. Just having
shared walls minimizes energy losses. Many houses are so effi
cient that they don’t need a heating system at all. In addition,
a highly efficient wood-burning co-generation plant provides
much of the space heating and eletricity for the district, and
rooftop solar collectors and photovoltaic panels provide hot
water and power for individual homes. While not entirely carbon
neutral, Vauban is highly sus-
tainable. Many of the houses
produce more energy than they
consurme.

Similar projects are being
built across Europe and even
in some developing countries,
such as China. On Dongtan
Island in the mouth of the Yang-
tze River near Shanghai, the
Chinese government s planning
an eco-city for 50,000 people
that is expected o be energy,
water, and food self-sufficient.
In the United States, the Envi-
ronmental Protection Agency
is promoting “car reduced”
communites. In California, for
example, developers are plan-

dren can play outside and can  FIGURE 22.1 Narrow steets in Vauban ae desgned for childen and bcyeles  ning a Vauban-like community

walk or bike to school without ~ fist, with inited car use.

having to cross busy streets

In most American cities, one third of the land area is dedi-
cated to cars, mainly for parking and roads. In Vauban, reducing
car dependence has saved so much space that neighborhoods have.
abundant green space, gardens, and play areas while still being
small enough for casy walking.

A highly successful and growing car-sharing program makes
ill easier to live without cars. Starting in about 1992, the city’s
car-sharing program has grown to some 2,500 members, who save.
money and parking space by using shared cars. The cars are avail-
able all around town, and they can be reserved online or by mobile
phone. In addition, a single monthly bus ticket covers all regional
trains and buses, making it especially easy to get around by public
transportation.

A car-ee lfestyle makes economic sense. Owning and oper-
ating a vehicle in Germany is even more expensive than it s in the

called Quarry Village on the

outskirts of Oakland, accessible
10 the Bay Area Rapid Transit system and to the California State
University campus in Hayward.

Decades of advertisements and goverment policies in the
United States have persuaded most people that the dream home s
a single-family residence on a spacious lot in the suburbs, where
a car—regardless of the costs in energy use, insurance, accidens,
or land consumption—is essential for every trip, no matter how.
short the distance. Whether we can break those patterns remains
10 be seen.

Vauban illustrates a number of ways urban design can help us
live sustainably with our environment and our neighbors. In this
chapter we'll ook at other aspects of city planning and urban envi-
ronments as well as some principles of ecological economics that
elp us understand the nature of resources and the choices we face
both as individuals and communities.

CHAPTER 22 Ushanization and Sustainable
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Car-free roads provide a cleaner, safer, healthier

P

environment for residents of Vauban, Germany.

Learning Outcomes
Afier studying this chapter; you should be able to:

21

Define urbanization.
Describe why cities grow.

Understand urban challenges in the developing world.

Identify urban challenges in the developed world.
Explain smart growth.

Urbanization
and Sustainable Cities

“What kind of world do you want to
live in? Demand that your teachers

teach you what you need to know to
build it.”
~ Peter Kropotkin

species because of competition or overpredation. Oceanic
islands offer classic examples of devastation caused by rats,
goats, cats, and pigs liberated from sailing ships. All these ai
mals are prolific, quickly developing large populations. Goats
are efficient, nonspecific herbivores; they eat nearly everything
vegetational, from grasses and herbs to seedlings and shrubs.
In addition, their sharp hooves are hard on plants rooted in thin
island soils. Rats and pigs are opportunistic omnivores, eating
the eggs and nestlings of seabirds that tend to nest in large,
densely packed colonies, and digging up sea turtle eggs. Cats
prey upon nestlings of both ground- and tree-nesting birds.
Native island species are particularly vulnerable because they
have not evolved under circumstances that required them to
have defensive adaptations to these predators,

Sometimes we introduce new species in an attempt 1o solve
problems created by previous introductions but end up making

the situation worse. In Hawaii and on several Caribbean islands,
for instance, mongooses were imported to help control rats that
had escaped from ships and were destroying indigenous birds
and devastating plantations (fig. 4.29). Since the mongooses
were diurnal (active in the day). however, and rats are noctur-
nal, they tended to ignore each other. Instead, the mongooses
also killed native birds and further threatened endangered spe-
cies. Our lessons from this and similar introductions have a new
technological twist. Some of the ethical questions currently sur-
rounding the release of genetically engincered organisms are
based on concerns that they are novel organisms, and we might
ot be able to predict how they will interact with other species in
natural ecosystems—let alone how they might respond to natu-
ral selective forces. It is argued that we can't predict cither their
behavior o their evolution.

CONCLUSION

Evolution is one of the key organizing principles of biolog;
explains how species diversity originates, and how organisms are
able to live in highly specialized ecological niches. Natural selec-
tion, in which beneficial traits are passed from survivors in one
‘generation to their progeny, is the mechanism by which evolution
oceurs. Species interactions—competition, predation, symbiosis,
and coevolution—are important factors in natural selection. The
unique set of organisms and environmental conditions in an

ecological community give rise to important propertes
productivity, abundance, diversiy, structure, complesxity, connect-
edness, resilience, and succession. Human introduction of new
species as well as removal of existing ones can cause profound
changes in biological communities and can compromise the life-
supporting ecological services on which we all depend. Under-
standing these community ecology principles s a vital siep in
becoming an educated environmental citizen

REVIEWING LEARNING OUTCOMES

By now you should be able to expl:

the following points:
4.1 Describe how evolution produces species diversity.
* Natural selection leads to evolution.

s live within limits

« All sp

‘The ecological niche is a species” role and environment.

« Speciation maintains species diversity.

Evolution is still at work.

‘Taxonomy describes relationships among species.

4.2 Discuss how species interactions shape biological communities.
« Compeition leads to resouree llocation.
« Predation affects species relationships.
« Some adaptations help avoid predation.
« Symbiosis involves intimate relations among species

« Keystone species have disproportionate influence.

CHAPTER 4

4.3 Summarize how community properties affect species and
populations,
« Productiviy is a measure of biological activty.
« Abundance and diversity measure the number and variety of
organisms.
« Community structure describes spatial disribution of organisms,

+ Complexity and connectedness are important ecological indicators.

* Resilience and stability make communites resistant (0 disturbance.

« Edges and boundaries are the interfaces between adjacent
communities

4.4 Explain why communities are dynam

c and change over time.
+ The nature of communities is debated.
+ Ecological succession describes a istory of community devclopment,

« Appropriate disturbances can benefit communities.

« Introduced species can cause profound community change.

Evolution, Biological Communities, and Species Interactions 9



PRACTICE QUIZ

1. Explain how tolerance limits to environmental factors deter-
mine distribution of  highly specialized species such as the
saguaro cactus.

2. Productivity, diversity, complexity, resilience, and structure
are exhibited to some extent by all communities and ecosys-
tems. Deseribe how these characteristics apply to the ec
tem in which you live.

3. Define selective pressure and describe one example that has
affected species where you live.

4. Define keystone species and explain their importance in com-
munity structure and function.

5. The most intense interactions often occur between individu-
als of the same species. What concept discussed in this chap-
ter can be used to explain this phenomenon

EN

Explain how predators affect the adaptations of their prey.

. Competition for a limited quantity of resources occurs in all
ecosystems. This competition can be interspecific or intra-
specific. Explain some of the ways an organism might deal
with these different types of competition.

. Describe the process of succession that oceurs afer a forest
fire destros an existing biological community. Why may
periodic fire be beneficial o a community?

Which world ecosystems are most productive in terms of
biomass (fig. 4.21)2 Which are least productive? What units
are used in this figure to quantfy biomass accumulation?

©

s

Discuss the dangers posed to existing community members
when new species are introduced into ecosystems.

CRITICAL THINKING AND DISCUSSION QUESTIONS

1. The concets of natural selection and evolution are central
© Jogists understand and interpret the world,
and yet the Ihemy of evolution is contrary to the beliefs of
many religious groups. Why do you think this theary is so
important to science and so strongly opposed by others?
What evidence would be required to convince opponents of
evolution?

2. What is the difference between saying that a duck has
webbed feet because it needs them to swim and saying that
a duck is able to swim because it has webbed feet?

3. The concept of keystone species is controversial among
ecologists because most organisms are highly interdepen-
dent. If each of the trophic levels is dependent on all the
others, how can we say one is most important? Choose an

In a classic experiment on competition between species for
common food source, the Russian microbiologist G. F. Gause
‘grew populations of different species of ciliated protozoans sep-
arately and together in an artficial culture medium. He counted
the number of cells of each species and plotied the total volume
of each population. The organisms were Paramecium caudatum
and its close relative, Paramecium aurelia. He plotted the aggre-
gate volume of cells rather than the total number in each popu-
lation because P caudarum is much larger than P. aurelia (this

9% CHAPTER 4 Evolution, Biological Communities, and Species Interactions

ecosystem with which you are familiar and decide whether
it has a keystone species or keystone set.

4. Some scientists look at the boundary between two biological
‘communities and see a sharp dividing line. Others looking at the:
same boundary see a gradual transition with much intermixing
of species and many interactions between communities. Why are
there such different interpretations of the same landscape?

5. The absence of certain lichens is used as an indicator of air
pollution in remote areas such as national parks. How can
we be sure that air pollution is really responsible? What evi-
dence would be convincing?

We tend 10 regard generaliss or “weady” spcics as les iner-
esting and less valuable than rare and highiy speciali
species. What values or assumptions underle this attitude?

a I.yS'i Se Species Competition

size difference allowed him to distinguish between them in a
mixed culture). The graphs in this box show the experimental
results. As we mentioned earlier in the text, this was one of the
first experimental demonstrations of the principle of competi-
tive exclusion. After studying these graphs, answer the follow-
ing questions.

1. How do you read these graphs? What is shown in the top
and bottom panels?

huapyfwwmbhe.comfeunningham| e

CRITICALTHINKING AND DISCUSSION QUESTIONS

1. A toxic waste disposal site has been proposed for the Pine
Ridge Indian Reservation in South Dakota. Many tribal
members oppose this plan, but some favor it because of the
jobs and income it will bring to an area with 70 percent
unemployment. If local people choose immediate survival
over long-term health, should we object or intervene?

‘There is often a tension between getting your personal life
in order and working for larger structural changes in society.
Evaluate the trade-offs between spending time and energy
sorting recyclables at home compared to working in the pub-
lic arena on a bill to ban excess packaging.

3. Should industry officials be held responsible for dumping
chemicals that were legal when they did it but are now

known to be extremely dangerous? At what point can we
argue that they should have known about the hazards
involved?

IS

Look at the discussion of recycling or incineration presented
in this chapter. List the premises (implicit or explicit) that
underlic the presentation as well as the conclusions (stated
or not) that seem to be drawn from them. Do the conclusions
necessarily follow from these premises?

‘The Netherlands incinerates much of its toxic waste at sea
by a shipborne incinerator. Would you support this as a way
0 dispose of our wastes as well? What are the criical con-
siderations for or against this approach?

rﬂ:‘i alySiS' How Much Do You Know About Recycling?
&

As people become aware of waste disposal problems in their com-
munities, more people are recycling more materials. Some things
are casy 1o recycle, such as newsprint, office paper, or aluminum
drink cans. Other things are harder to classify. Most of us give up
pretty quickly and throw things in the trash if we have to think too.
hard about how to recycle them.

1. Take a poll to find out how many people in your class
know how to recycle the items in the table shown here.
Once you have taken your poll, convert the numbers to
percentages: divide the number who know how to recycle
each item by the number of students in your class, and
then muliply by 100.

Now find someone on your campus who works on waste
anagement. This might be someone in your university/
college administration, or it might be someone who actually
empties trash containers. (You might get more interesting
and straightforward answers from the latter.) Ask the fol-
Towing questions: (1) Can this person fill in the items your
class didn’t know about? (2) I there a collegefuniversity
policy about recycling? What are some of the points on that
policy? (3) How much does the college spend each year on

waste disposal? How many tuition payments does that total? For

(4) What are the biggest parts of the waste stream? (5)
Does the school have a plan for reducing that largest con-
ponent?

Percentage Who Know How
Item to Recycle

Newspapers

Paperboard (cereal bores)
Cardboard boes
Cartboard boes with tape
Plastic drnk bottles

Other plastic bottles
Styrofoam food containers
Food waste

Plastic shopping bags
Plastic packaging materials
Fumiture

Last year's course books
Left-over paint

lashearos Goagl Earth™ i an ext
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CONCLUSION

Waste is a global problem. Each year we consume more materi-
als and produce more waste. Finding ways to dispose of all that
garbage and hazardous substances is a constant challenge. In the
United States, recycling rates are improving, but we still landfill
‘more than half our municipal waste. Many other countries, espe-
cally those short on landfill space, recycle over half their waste.
Modern landfills seck to keep trash from contaminating air and
‘groundwater, These sites are a great improvement over the past,
but they are often remote from major cities, which must transport
garbage long distances for disposal. Incineration is a costly but
widely used alternative to landilling.

‘Waste disposal is expensive, but our policies are often better
set up for landfilling or incinerating waste than for recycling.
Government policies and economies of scale make it cheaper and
more convenient to extract virgin raw materials than o reuse or
recycle. But the increasing toxicity of modern products, including

e-waste, makes it more urgent that we reduce, reuse, and recycle
materials worldwide. Strategies and opportunities for recycling
are expanding, including reuse markets, bioenergy generation,
deconstructing demolition debris, and composting yard waste.
Creating gold from garbage—making money from biogas, com-
post, and efficient waste disposal—is a growing industry, espe-
cially in Europe,

Hazardous and toxic waste remains a serious health threat
and environmental risk. Many abandoned and derelict sites must
be cleaned up by the Superfund, although that fund has dwindled
since it lost its main source of support, industry contributions, in
1995. These sites threaten public health, especially for minority
‘groups, and are a serious problem. At the same time we are pro-
ducing new hazardous substances that require safe disposal. We
can all help by thinking carefully about what we buy, use, and
dispose of in our own communities.

REVIEWING LEARNING OUTCOMES

By now you should be able to explain the following points:
211 Identify the components of solid waste.
« The waste stream is everything we throw away.

21.2 Describe how wastes have been—and are being—disposed
of or treate

Open dumps release hazardous materials into air and waer.

Ocean dumping is nearly uncontrollable.
We often export waste (o countries ill-equipped to hande it

+ Landfills receive most of our waste.

« Incineration produces energy but causes pollution,
21.3 Identify how we might shrink the waste stream.

« Recycling captures resources from garbage.

« Recycling saves money, materials, energy, and space.

+ Commercial-scale recycling and composting is an area of
innovation.
+ Demanufacturing is necessary for appliances and e-waste.
« Reuse is even more efficient than recycling.
+ Reducing waste s often the cheapest option
214 Investigate hazardous and toxic wastes.
« Hazardous waste must be recycled. contained. or detorified
« Superfund sites are those lsted for federal cleanup.
« Brownfields present both liabilty and opporunity
+ Hazardous waste storage must be safe.

PRACTICE QUIZ

1. What are solid wastes and hazardous wastes? What is the
difference between them?

Describe the difference between an open dump, a sanitary
landfill, and a modern, secure, hazardous waste disposal site.

Why are landiill sites becoming limited around most major
urban centers in the United States? What steps are being
taken to solve this problem?

=

Describe some concerns about waste incineration.

. List some benefits and drawbacks of recycling wastes. What
are the major types of materials recycled from municipal
waste and how are they used?

492 CHAPTER 21 Solid, Toxic, and
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6. What is composting, and how does it fit into solid waste
sposal?

7. Describe some ways that we can reduce the waste stream to
avoid or reduce disposal problems.

8. List ten toxic substances in your home and how you would
dispose of them.

9. What are brownfields and why do cities want to redevelop
them?

10. What societal problems are associated with waste disposal?

Why do people object to waste handling in their
neighborhoods?
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How did the total volume of the two species compare after
14 days of separate growth?

If P caudatum is roughly twice as large as P. aurelia, how
did the total number of cells compare after 14 days of sep-
arate growth?

How did the total volume of the two species compare after
24 days of growth in a mixed population?

Which of the two species is the more successful competi-
tor in this experiment?

Does the larger species always win in competition for
food? Why not?

=

For Addit i jing This Chapter,

leshcaras W an et
reacdng is, ll of vtich wil e you leam enronmental science.

Evolution, Biological Communities, and Species Interactions 97



Kenyals Greenbelt Movement has planted milions of

trees and inspired other groups to plant biions more.

Learning Outcomes
Aftr studying his chapter, you should be able to:

51

Recognize the characteristics of some major
terrestrial biomes as well as the factors that
determine their distribution.

Understand how and why marine environments vary
with depth and distance from shore.

Compare the characteristics and biological
importance of major freshwater ecosystems.
Summarize the overall patierns of human disturbance
of world biomes.

Biomes

Global Patterns of Life

“What is the use of a house if you
haven't got a tolerable planet to
put it on?”

~ Henry David Thoreau

What Can You Do? -

Alternatives to Hazardous Household Chemicals

Chrome cleaner: Use vinegar and nonmetallic scouring pad.

Copper cleaner: Rub with lemon juice and salt mixture.

Floor cleaner: Mop linoleum floors with 1 cup vinegar mixed with
2 gallons of water. Polish with club soda.

Brass polish: Use Worcestershire sauce

Silver polish: Rub with toothpaste on a soft cloth.

Fumiture polish: Rub in ofive, almond, or lemon oil.

Ceranic tle cleaner: Mix 1/4 cup baking soda, 112 cup white
vinegar, and 1 cup ammona in | gallon warm water (zo0d
general purpose cleaner).

Drain opener: Use plunger or plumber’s snake, pour boiling water
down drain.

Upholstery cleaner: Clean stains with club soda.

Carpet shampoo: Mix 112 cup liquid detergent in 1 pint hot water.
‘Whip into stiff foam with mixer. Apply to carpet with damp
sponge. Rinse with 1 cup vinegar in I gal water. Don't soak
carpet—it may mildew.

Window cleaner: Mix 1/3 cup ammonia, 114 cup white vinegar in
1 quart warm water. Spray on window. Wipe with soft cloth.

Spot remover: For butter, coffee, gravy, or chocolate stains: Sponge

scrape off as much as possible immediately. Dab with
cloth dampened with a solution of 1 teaspoon white vinegar in
1 quart cold water.

Toilet cleaner: Pour 1/2 cup liquid chlorine bleach into toilet bowl
Let stand for 30 minutes, scrub with brush, flush.

Pest control: Spray plants with soap-and-water solution
(3 tablespoons soap per gallon water) for aphids, mealybugs,
mites, and whiteflies. Interplant with pest repellent plants such
as marigolds, coriander, thyme, yarrow, rue, and tans
Introduce natural predators such as ladybugs or lacewings

Indoor pests: Grind or blend 1 garlc clove and 1 onion. Add
1 tablespoon cayenne pepper and 1 quart water. Add
1 tablespoon liquid soap

Moths: Use cedar chips or bay leaves.

Ants: Find where they are entering house, spread cream of tartar,
cinnamon, red chili pepper, or perfume to block tral.

Fleas: Vacuum area, mix brewer's yeast with pet food.

Mosquitoes: Brewers yeast tablets taken daily repel mosquitoes.

Not:test cleaners i small, inconspicunus e befoe using

continuously to prevent leakage, vandalism, or other dispersal of
toxic materials. Remedial measures are much cheaper with this
technique, however, and it may be the best system in the long run.

Secure Landfills One of the most popular solutions for hazard-
ous waste disposal has been landiilling. Although, as we saw ear-
lier in this chapter, many such landfills have been environmental
disasters, newer techniques make it possible to create safe, moder
secure landfills that are acceptable for disposing of many hazard-
ous wastes. The first ine of defense in a secure landiil is a thick

of, y that surrounds the pit like a bath-
wb (fig. 21.23). Moist clay is flexible and resists cracking if the
ground shifts. It is impermeable to groundwater and will safely con-
tain wastes. A layer of gravel is spread over the clay liner and perfo-
rated drain pipes are laid in a grid o collect any seepage that escapes
from the stored material. A thick polyethylene liner, protected from
punctures by soft padding materials, covers the gravel bed. A layer
of soil or absorbent sand cushions the inner liner and the wastes are
packed in drums, which then are placed into the pit, separated into
small units by thick berms of soil or packing material

When the landiill has reached its maximum capacity. a cover
much like the bottom sandwich of clay, plastic, and soil—in that
order—caps the site. Vegetation stabilzes the surface and improves
its appearance. Sump pumps collect any liquids that filter through
the landfil, either from rainwater or leaking drums. This leachate is
treated and purified before being released. Monitoring wells check
groundwater around the site to ensure that no toxins have escay

Most landfills are buried below ground level to be less con-
spicuous; however, in areas where the groundwater table is close
1o the surface, it i safer to build above-ground storage. The same
protective construction techniques are used as in a buried pit. An
advantage to such a facility is that leakage is casier to monitor
because the botiom is at ground level,

rdous i is of concern

because of the risk of accidents. Emergency preparedness officials
conclude that the greatest isk in most urban areas is not nuclear war
or natural disaster but crashes involving trucks or trains carrying haz-
ardous chemicals through densely packed urban corridors. Another
worry is who will bear financial responsibilty for abandoned waste
sites. The material remains toxic long after the businesses that created
it are gone. As i the case with nuclear wastes (chapter 19), we may
need new institutions to ensure perpetual care of these wastes.

Leachate removal standpipes Methane removal

Topsoil cover

o) (g e
el fult e

FIGURE 21.23 A secure landfil for toxic waste. A thick
plastic liner and two or more layers of impervious compacted clay
enclose the landil. A gravel bed between the clay layers collects
any leachate, which can then be pumped out and treated. Well
samples are tested for escaping contaminants and methane is
collected for combustion.
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Table 2:

How Should You Dispose of Household
Hazardous Waste?
Flush to sewer sys-  Cleaning agents with ammona or bleach,
tem (drain or toiet)  disinfectants, glass cleaner,toilt cleaner
Put dried solids in  Cosmetics, putty, grout, caulking, empty sol-
household trash vent containers, water-based glue, fertilizer
(without weed killer)
Save and deliver to  Solvents: cleaning agents (dran clearer, loor
awaste collection  wax-stripper, furniture polish, metal cleaner,
center oven cleaner), pait thinner and other slverts,
glue vith solvents, vamish, nai polish remover
Metals: mercury thermometers, button bat-
teries, NiCad batteries, auto batteries, paints
with lead or mercury, fluorescent light bulbs/
tubes/ballasts, electronics and appliances
Poisons: bug spray, pesticides, weed killrs,
rat poison, insect poison, mothbells
Other chemicals: antifreeze, gasoline, fuel oil,
brake fuid, transmission flud, paint, rust
remover, hairspray, photo chemicals
Sources €74, 2005

Convert Substances to Less Hazardous Forms
Several processes are available to make hazardous materials less
toxic. Physical treaiments tie up or isolate substances. Charcoal or
resin filte D hazard

nents from aqueous solutions. Precipitation and immobilization in
ceramics, glass, or cement isolate toxins from the environment so
that they become essentially nonhazardous. One of the few ways
to dispose of metals and radioactive substances is to fuse them in
silica at high temperatures to make a stable, impermeable glass
thatis suitable for long-term storage.

Incineration is a quick way to dispose of many kinds of haz-
ardous waste. Incineration is not necessarily cheap—nor always
clean—unless it is done correctly. Wastes must be heated to
over 1,000°C (2000°F) for a sufficient period of time to com-
plete destruction. The ash resuliing from thorough incineration s
reduced in volume up to 90 percent and often is safer to store in
alandfill or other disposal site than the original wastes. Neverthe-
less, incineration remains a highly controversial topic (fig. 21.22).

Several sophisticated features of moden incinerators improve
their effectiveness. Liquid injection nozzles atomize liquids and mix
air into the wastes so they bum thoroughly. Fluidized bed burners
pump air from the bottom up through burning solid waste as it ravels
on ametal chain grate through the fumace. The air velocity i suffi-
cient to keep the burning waste partially suspended. Plenty of oxygen
is available, and buming is quick and complete. Afierbumers add to
the completeness of buming by igniting gaseous hydrocarbons not
consumed in the incinerator. Scrubbers and precipitators remove
minerals, particulates, and other pollutants from the stack gases.

Chemical processing can transform materials 50 they become
nontoxic. Included in this category are neutralization, removal of
metals or halogens (chlorine, bromine, etc.), and oxidation. The
Sunohio Corporation of Canton, Ohio, for instance, has developed
a process called PCBx in which chlorine in such molecules as

490 CHAPTER 21 Solid, Toxic, and Hazardous Waste

PCBs is replaced with other ions that render the compounds less
toxic. A portable unit can be moved to the location of the hazard-
ous waste, eliminating the need for shipping them.

Biological waste treatment or bioremediation taps the great
capacity of microorganisms to absorb, accumulate, and detoxify
a variety of toxic compounds. Bacteria in activated sludge basins,
aquatic plants (such as water hyacinths or catails), soil microorgan-
isms, and other species remove toxic materials and purify effluents
Recent experiments have produced bacteria that can decontaminate
organic waste metals by converting them to harmless substances.
After the Deepwater Horizon oil sillin the Gulf of Mexico in 2007,
most of the waste remediation was performed by naturally occurring
bacteria, which were adapted to metabolizing oil compounds. Bio-
remediation holds exciting possibilities for addressing many organic
pollutants,including oils, PCB, and other toxic compounds.

Store Permanently

Tnevitably, there will be some materials that we can’t destroy,
make into something else, or otherwise cause to vanish. We will
have to store them out of harm’s way. There are differing opin
about how best to do this.

Retrievable Storage Dumping wastes in the ocean or burying
them in the ground generally means that we have lost control of
them. If we learn later that our disposal technique was a mistake,
itis difficult, if not impossible, to go back and recover the wastes.
For many supertoxic materials, the best way o store them may
be in permanent retrievable storage. This means placing waste
storage containers in a secure building, salt mine, or bedrock cay-
e where they can be inspected periodically and retrieved, if nec-
essary, for repacking or for transfer if a better means of disposal
is developed. This technique is more expensive than burial in a
landfill because the storage area must be guarded and monitored

FIGURE 21.22 Actor Martin Sheen joins local activists

in a protest in East Liverpool, Ohio, site of the largest hazard-
ous waste incinerator i the United States. About 1,000 people
marched to the plan to pray, sing, and express their opposition.
Involving celebrities draws attention to your cause. A peaceful,
well-planned rally builds support and acceptance in the broader
community.
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Spreading Green

Case StUdY Across Kenya

Our environment provides all of
us with food, fuel, and shelte, but
the worlds poorest people often
depend most directly on their envi-
ronment—and they suffer most from
4 degraded environment. In remote areas
of rural Kenya subsistence farmers depend on
Tocal forests, soils, and groundwater for fuel, food, and water.
‘What can these villagers do when overuse or careless man-
agement degrades these resources? This question challenges rural
commnities throughout the developing worl
Kenya is a biologically rich country, but millions of people
live in severe poverty. Growing populations of farmers and herd-
ers depend on dwindling forests and degraded soils. Many forests
were cleared decades ago for farming, and remaining woodlands
are decimated by people gathering fuel and build-
ing materials, as well as by farming and grazing.
As the forests disappear, the land becomes dry,
soils wash away, and women must travel farther
in search of fuelwood. Because women tradition-
ally have responsibility for gathering wood and
water, and because they have little economic or
political power, women and their children suffer
most directly from forest losses. Environmen-
tal degradation causes economic instability, and
families further exploit remaining forests, caus-
ing increasing environmental degradation, in a

And so this is where the Greenbelt Movement began, helping vil-
lagers create nurseries, grow seedlings, and plant trees. In 1977,
Dr. Maathai and her colleagues from the NCWK celebrated World
Environment Day by planting trees, the first of what would even-
tually become an interational Greenbelt movement.

Dr. Maatha's experience in multiple fields—like that of
many environmental scientists—helped her sec the deep ties
between the powerlessness of poor women and environmental
conditions that made their lives difficult. Dr. Maathai understood
that many rural women had to walk miles every day for wood or
water, in addition to tending to their farms and families. Making
matters worse, many poor women depended on small farm plots
with eroding, worn-out soil, o feed their families.

‘The tree-planting work started small and grew slowly, but
it has endured, and community-based reforestation has grown
and spread broad roots across Kenya. The
Greenbelt Movement has trained people from
around the world, and it now has branches
in other countries in Africa, Asia, and South
America. The program supports community
networks that care for over 6,000 tree nurser-
ies. The movement also promotes peace, edu-

expanded its vision 10 include climate mitiga-
tion through forest conservation. Thousands of
community members have planted more than
40 million trees on degraded and eroding lands,

downward spiral of poverty. Wit . f in school yards and church yards, on farms, and
Kenya's story of environmental and s0cial i 5 1 o, vargor st s i1 €iies and villges. Goals of environmental
degradation can be found in developing areas  yorked to restore trees, commurnities, _ quality and social justice remain a very long way

worldwide. But Kenyans also have found a strat-  and peace.
egy to combat the combined problems of socl,

economic, and environmental devastation. The Greenbelt Move-
ment, initated by the environmental leader Dr. Wangari Maathai,
(fig. 5.1) is working to teach communities to help themselves by
‘growing and planting trees. Starting with the women and expand-
ing to include their families, the movement is mobilizing people
1o help themselves. In the process, the Greenbelt Movement is
teaching peaceful political involvement and local community
development.

Dr. Maathai started out working on both environmental issues
and women's empowerment. A native of Nyeri, Kenya, she studied
in the United States and Germany in the 1960s and 19705, and
camed a PhD from the University of Nairobi. Dr. Maathai taught
at the University of Nairobi, worked with the United Nations
Environment Program (UNEP), based in Nairobi, and eventu-
ally became chair of the National Council of Women of Kenya
(NCWK).

According to Dr. Maathai, women in the villages told her they
suffered from the loss of trees, so she suggested they plant new
trees. But the women said they didn’t know how to plant trees.

off, but the movement has restored thousands of
hectares of land, and it has brought hope to mil-
lions. In 2004, Dr. Maathai received the Nobel Prize for Peace for
her work on promoting peace through environmental stewardship
and social justice.
tee planting is a powerful act of hope. Planting a tree is an
investment in the future, empowering people and showing the
world that we care about those who will follow after we are gone.
Expanding tree cover in once-forested lands helps nurture soils,
biodiversity, and communities. The Greenbelt Movement shows
that we have many choices other than simply watching while our
environment deteriorates;

Finding ways 1o live sustainably within the limits of our
resource bases, without damaging the life-support systems of
ecosystems, is a preeminent challenge of environmental sci-
ence. Sometimes, as this case study shows, ecological knowl-
edge and local action can lead to positive effects on a global
scale. We'll examine these and related issues in this chapter.
For related resources, including Google Earth™ placemarks
that show locations where these issues can be seen, visit, hip:/
EnvironmentalScience-Cunningham.blogspot.com.
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5.1 TERRESTRIAL BIOMES

‘The Greenbelt movement aims to restore components of an cxpan-
sive biological community. To understand what that commun
should be like, it i helpful for us to identify some of the gcneml
types of communities, with similar climate conditions, growth
patterns, and vegetation types. We call these broad types of
Togical communities biomes. Understanding the global distribu-
tion of biomes, and knowing the differences in what grows where
and why, is essential to the study of global environmental science.
Biological productivity—and ecosystem resilience—varies greatly
from one biome to another. Human use of biomes depends largely
on those levels of productivity. Our ability to restore ecosystems
and nature’s ability o restore itself depend largely on biome condi-
tions. Clear-cut forests can regrow relatively quickly in Kenya, but
very slowly in Siberia, where logging is currently expanding. Some
grasslands rejuvenate rapidly after grazing, and some are very slow
o recover. Why these differences? The sections that follow seck to
answer this question.

Temperature and precipitation are the most important deter-
minants in biome distribution on land (fig. 5.2). If we know the
general temperature range and precipitation level, we can predict
what kind of biological community is likely to occur there in the
absence of human disturbance.

Because temperatures are cooler at high
latitudes (away from the equator), temperature-
controlled biomes often oceur n latitudinal bands
For example, a band of boreal (northem) for-
ests crosses Canada and Siberia, tropical forests
occur near the equator, and expansive grasslands
lie near—or just beyond—the tropics (fig. 5.3).
Many biomes are even named for their latitudes.
“Tropical rainforests occur between the Tropic of
Cancer (23° north) and the Tropic of Capricor
(23° southy; arctic tundra lies near or above the
Arctic Circle (66.6° north).

Temperature and precipitation change with
elevation as well as with latitude. In mountainous
regions, temperatures are cooler and precipita-
tion is usually greater at high elevations. Vertical
zonation occurs as vegetation types change rap-
idly from warm and dry to cold and wet as you
20 up a mountain. A 100-km transect from Cali-
foria’s Central Valley up to Mt. Whitney, for
example, crosses as many vegetation zones as you
would find on a journey from southern California
to northern Canada (fig. 5.4).

"To compare terrestrial biomes, we often use
climate graphs, which show yearly temperature
and precipitation. Look carefully at the exam-
ples in figure 5.5. Note that months are shown
across the bottom, including months above freez-
ing, when primary productivity (plant growth) is
active. Temperature and precipitation have dif-
ferent vertical axes and different units (what are

Annual precipitation (cm)

FIGURE 5.
or otherdsnupons, according o sverage el tempereture and prcipain,

exceeds evaporation (blue), so that there is plenty of plant growth,
and when evaporation exceeds precipitation, and conditions are
00 dry for abundant vegetation growth. Examine these graphs,
and consider the seasonal conditions that control primary produc-
tivity as you read about the different biomes.

n this chapter, we'll examine the major terrestrial biomes,
then we'll investigate ocean and freshwater communities and
environments. Ocean environments are important because they
cover two-thirds of the carth’s surface, provide food for much of
humanity, and help regulate our climate through photosynthesis.
Freshwater systems have tremendous influence on environmental
health, biodiversity, and water quality. In chapter 12, we'll look at
how we use these communities; and in chapter 13, we'll see how
we preserve, manage, and restore them when they're degraded.

Tropical moist forests have rain year-round

‘The humid tropical regions of the world support one of the most
complex and biologically rich biome types in the world (fg. 5.6).
Although there are several kinds of moist tropical forests, they share
‘common attributes of ample rainfall and uniform temperatures. Cool

cloud forests are found high in the mountains uhm fog and mist
keep vegetation wet all the time. Tropical rainforests occur where
rainall s abundant—more than 200 cm (80 mv) per year—and

0 0
Average temperature ('C)

2 Biomes most likely to occur in the absence of human disturbance

yam does not consider 5ol 1yps, 10poggaphy, wed speed or o impetant envionmen-

the units?). Shading shows when precipitation ta o Sl 15 & (cki gonora g o b eaon
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Getting contaminants out of soil and ground-
water is one of the most widespread and per-
sistent problems in waste cleanup. Once leaked
into the ground, solvents, metals, radioactive
elements, and other contaminants are dis-
persed and diffcult to collect and treat. The
main method of cleaning up contaminated soil
s to dig it up, then decontaminate it or haul
it away and store it in a landfill in perpetuity.
At a single site, thousands of tons of tainted
ditt and rock may require incineration or other
treatment. Cleaning up contaminated ground-
water usually entails pumping vast amounts of
water out. of the ground—hopefully extract-
ing the contaminated water faster than it can
spread through the water table or aquifer
In the United States alone, there are tens of
thousands of contaminated sites on factories,
farms, gas stations, military facilites, sewage
treatment. plants, landfills, chemical ware-
houses, and other types of facilties. Cleaning
up these sites is expected to cost at
least $700 billon,

ecently, a number of promis-
ing altematives have been developed
using plants, fungi, and bacteria to
clean up our messes. Phytoremeia-
tion (remeiation, or cleanup, using
plants) can include a variety of strat-
egies for absorbing, extracting, o
neutralizing tosic compounds. (Cer-
tain types of mustards and sunflow-
ers can exract lead, arsenic, zinc,
and other metals (phytoextraction).
Poplar trees can absorb and break
down toxic organic chemicals (hy-

todegradation). Reeds and other  Plants can absorb, concentrate, and even decompose tosic contaminants in soil  mental health and saving taxpayers
2 money

tainted with sewage, metals, or other contami-
nants. Natural bacteria in grounduwater, when
provided with plenty of oxygen, can neutralize
contaminants in aquifers, minimizing or even
eliminating the need to extract and treat water
deep in the ground. Radioactive strontium and
cesium have been extracted from soil near the
Chemobyl nuclear power plant using common
sunflowers.

How do the plants, bacteria, and fungi
do all this? Many of the biophysical details are
poorly understood, but in general, plant roots
are designed to efficiently extract nutrents,
water, and minerals from soil and grounduiater.
The mechanisms involved may aid extraction
of metallic and organic contaminants. Some
plants also use toxic elements as a defense
against. herbivores—locoweed, forexample,
selectively absorbs elements such as selenium,
concentrating toric level in ts leaves. Absorp-
tion can be extremely effective. Braken fer

water-loving plants can flter water  and groundater.

Phytoremediation: Cleaning
Up Toxic Waste with Plants

growing in Florida was found to contain arsenic
at concentrations more than 200 times higher
than the soil in which it was growing.

Genetically modified plants are also being
developed to process toxins. Poplars have been
grown with & gene borrowed from bacteria
that trensforn a toxic compound of mercury
into a safer form. In another experiment, a
gene for producing mammalian liver enzymes,
which specialize in breaking down toxic organic
compounds, was inserted into tobacco plants
The plants succeeded in producing the liver
enzymes and breaking down toxins absorbed
through their roots.

These remediation methods are not with-
out risk. As plants take up toxins,insects could
consume leaves, allowing contaminants to enter
the food web. Some absorbed contaminants are
volatlized, or emitted in gaseous form, through
pores in plant leaves. Once toxic contaminants,
are absorbed into plants, th plants themselves
are usually toxic and must be land-
filed. But the cost of phytoremediz-
tion can be less than half the cost of
landilling or treating toxic sol, and
the volume o plant materil requiring
secure storage ends up being  frac-
tion of a percent of the volume of the
contaminated dit.

Cleaning up hazardous and toxic
waste stes will be a big business for
the foreseeable future, both in the
United States and around the world
Innovations such as phytoremediation
offer promising prospects for busi-
ness growth as wel as for environ-

reduce or eliminate waste production. In Minnesota, the 3M
Company reformulated products and redesigned manufactur-
ing processes to eliminate more than 140,000 metric tons of
solid and hazardous wastes, 4 billion 1 (1 billion gal) of waste-
water, and 80,000 metric tons of air pollution each year. They
frequently found that these new processes not only spared the
environment but also saved money by using less energy and
fewer raw materials.

Recycling and reusing materials also eliminates hazard-
ous wastes and pollution. Many waste products of one process

or industry are valuable commodities in another. Already, about
10 percent of the wastes that would otherwise enter the waste
stream in the United States are sent to surplus material exchanges
where they are sold as raw materials for use by other industrie.
This figure could probably be raised substantially with better
waste management. In Europe, at least one-third of all industrial
wastes are exchanged through clearinghouses where beneficial
uses are found. This represents a double savings: The generator
doesn't have to pay for disposal, and the recipient pays litle, if
anything, for raw materials
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o Hazardous waste site
S Aquifers

FIGURE 21.21 Some of the hazardous waste sites on the
EPA priority cleanup list. Sites located on aquifer recharge zones
represent an especially serious threat. Once groundwater is con-
taminated, cleanup is dificult and expensive. In some cases, it
may not be possible.

Some of the most infamous toxic waste sites were old dumps

where many different materials were mixed together indis-

criminately. For instance, Love Canal in Niagara Falls, New
York, was an open dump used by both the city and nearby chem-
ical factories as a disposal site. More than 20.000 tons of toxic
chemical waste was buried under what later became a housing
development. Another infamous example occurred in Hardeman
County, Tennessee, where about a quarter of a million barrels of
chemical waste were buried in shallow pits that leaked toxins into
the groundwater. In other sites, liquid wastes were pumped into
open lagoons or abandoned in warehouses.

Studies of populations living closest to Superfund and toxic
release inventory sites reveal that minorities often are overrep-
resented in neighborhoods near waste sites. Charges of environ-
mental racism have been made, but they are difficult to prove
conclusively (see What Do You Think? p. 481).

Brownfields present both liability
and opportunity

Among the biggest problems in cleaning up hazardous waste sites
are questions of liability and the degree of purity required. In
many cities, these problems have created large areas of contami-
nated properties known as brownfields that have been abandoned
or under-utilized because of real or suspected pollution. Up to
‘one-third of all commercial and industrial ites in the urban core of
many big cities fall in this category. In heavy industrial corridors
the percentage typically is higher.

For years, no one was interested in redeveloping brownfields
because of liability risks. Who would buy a property knowing that
they might be forced to spend years in liigation and negotiations
and be forced to pay millions of dollars for pollution they didn't
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create? Even if a ste has been cleaned to current standards, there
is  worry that additional pollution might be found in the future
or that more stringent standards might be applied.

In many cases, property owners complain that unreasonably
high levels of purity are demanded in remediation programs. Con-
sider the case of Columbia, Mississippi. For many years a 35 ha
(81 acre) site in Columbia was used for turpentine and pine tar manu-
facturing. Soil tests showed concentrations of phenols and other toxic
organic compounds exceeding federal safety standards. The site was
added o the Superfund NPL and remediation was ordered. Some
experts recommended that the best solution was to simply cover the
surface with clean soil and enclose the property with a fence to keep
Deople out. The total costs would have been about $1 million.

Instead, the EPA ordered Reichhold Chemical, the last known
property owner, 0 excavate more than 12,500 tons of soil and haul
it 0 a commercial hazardous waste dump in Louisiana at a cost of
some $4 million. The intention was to make the site safe enough to
be used for any purpose, and to remove risk from exposure to any-
body, even children, who might be exposed to soil on the site.

Similarly, in places where contaminants have seeped into
‘groundwater, the EPA generally demands that cleanup be carried
to drinking water standards. Many ritics believe that these pris-
tine standards are unreasonable. Former Congressman Jim Florio,
a principal author of the original Superfund Act, says, “It doesn't
make any sense to clean up a rail yard in downtown Newark so it
can be used as a drinking water reservoir.” Depending on where
the site is, what else is around it, and what its intended uses are,
much less smngem standards may be perfectly acceptable.

izing that eusing contaminated properties can play a sig-
it e rebuilding old ciies, creating jobs, increasing the tax
base, and preventing needless destruction of open space at urban mar-

i

o planned uses and providing liabilty protection for nonresponsible
parties gives developers and future purchasers confidence that they
won't be unpleasanly surprised in the future with further cleanup
costs. In some communities, former brownfields are being tumed
into “eco-industrial parks” that friendly busi-
nesses and bring in much needed jobs to iner-city neighborhoods.

Hazardous waste storage must be safe

‘What shall we do with toxic and hazardous wastes? In our homes,
we can reduce waste generation and choose less toxic materials.
Buy only whit you ned for thejob at hand,and use up whit you

buy. C

o and cheaper aemaives (What Can You Do? p. 491). Dis-
pose of unneeded materials responsibly (table 21.1). In general
there are several strategies for addressing the problem of waste
management,

Produce Less Waste

As with other wastes, the safest and least expensive way to
avoid hazardous waste problems is to avoid creating the wastes
in the first place. Manufacturing processes can be modified to
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FIGURE 5.3 Major word biomes. Cmmpare this mzp o figure 5.2 for generalized temperature and molsture conditions that control
itto 14

Source: WWE Ecoregons.

Mt Whitney » a4t6m

Fresno _ Mt Whitney

 biological productiviy (ig. 5.14).

temperatures are warm o hot year-round. For aid in reading the -
mate graphs in these figures, see the Data Analysis box at the end of
this chapter

“The soil of both these tropical moist forest types tends to
be old, thin, acidic, and nutrient-poor, yet the number of spe-
cies present can be mind-boggling. For example, the number
of insect species in the canopy of tropical rainforests has been
estimated to be in the millions! It is estimated that one-half to
two-thirds of all species of terrestrial plants and insects live in
tropical forests.

Grassiand
i (temperate grassiand)|

St desert Geser)
100m

100km

FIGURE 5.4 Vegetation changes with elevation because
temperatures are lower and precipitation is reater high on
mountainside. A 100-km transect from Fresno, California, to

it Whitney (Calfornia’s highest point) crosses vegetation zones
similar to about seven different biome types.

these forests also are di Imost
all (90 percent) of the nutrients in the system are contained in the
bodies of the living organisms. This is a striking contrast to tem-
perate forests, where nutrients are held within the soil and made
available for new plant growth. The luxuriant growth in tropical
rainforests depends on rapid decomposition and recycling of dead
organic material. Leaves and branches that fall to the forest floor
decay and are incorporated almost immediately back into living
biomass.

When the forest is removed for logging, agriculture, and
mineral extraction, the thin soil cannot support continued crop-
ping and cannot resist erosion from the abundant rains. And if
the cleared area i too extensive, it cannot be repopulated by the

CHAPTER 5 Biomes 101



San Diego, Philadelphia,
California, USA Pennsylvania, USA Belém, Brazil
mm mm
164C 259 mm 125¢C 1,024 mm 267C 2438 mm
300 300
100 100
0. 8 40 80
30 60 30 60
20 0 0 a0 204 Fa0
10 20 10 20 104 F20
o 0 o 0 LI e
JF D
Month Month

~0—0- Temperature ( €)

~8—e- Precipitation (mm)

UNE Months above freezing

[ Evaporation exceeds
precpiation

[ Precipitation exceeds
evaporation

[ Precipitation scale
changes

rainforest community. Rapid deforestation is oc y
tropical areas as people move into the forests to establish farms
and ranches, but the land soon loses its fertliy.

Tropical seasonal forests have yearly
dry seasons

Many tropical regions are characterized by distinet wet and dry
seasons, although temperatures remain hot year-round. These areas
support tropical seasonal forests: drought-tolerant forests that
Took brown and dormant in the dry season but burstinto vivid green
during rainy months. These forests are often called dry tropical for-
ests because they are dry much of the year; however, there must be
some periodic rain to support tree growth. Many of the trees and
shrubs in a seasonal forest are drought-deciduous: They lose their
Teaves and cease growing when no water is available. Seasonal for-
ests are often open woodlands that grade into savannas.

“Tropical dry forests have typically been more attractive than
wet forests for human habitation and have suffered greater degra-
dation. Clearing a dry forest with fire is relatively easy during the
dry season. Soils of dry forests often have higher nutrient levels
and are more agriculturally productive than those of a rainforest.
Finally, having fewer insects, parasites, and fungal diseases than
a wet forest makes a dry or seasonal forest a healthier place for
humans to live. Consequently, these forests are highly endangered
in many places. Less than 1 percent of the dry tropical forests of
the Pacific coast of Central America or the Atlantic coast of South
America, for instance, remain in an undisturbed state.
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FIGURE 5.5 Moisture availabilty depends on temperature
s well as precipitation. The horizontal axis on these climate
diagrams shows months of the year, vertical axes show tem-
perature (&eft side) and preciptation {right). The number of dry
months (shaded yelow) and better months (blue) varies with
geographic location. Year annual temperature (C) and precipi-
tation (mm) are shown at the top of each graph.
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FIGURE 5.6 Tropical rainforests have luxuriant and diverse

plant growth. Heavy rainfall in most months, shown in the climate

graph, supports this growth.
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about toxic substances that are produced or used nearby, which
could be released into air or water. To give the public access to
this information, SARA established a reporting system, the Toxie
Release Inventory. More than 20,000 manufacturing facilties
are required to report annually on the use, release, or transfer of
toxic substances. This inventory is not always maintained com-
pletely, but it i the best available source of public information on
exposure risk. You can find it on the EPA web site and see what
potential sources are in your neighborhood.

“The government does not have to prove that anyone vio-
lated alaw or what role they played in a Superfund sitc. Rather,
liability under CERCLA i “strict, joint, and several,” meaning
that anyone associated with a site can be held responsible for
the entire cost of cleaning it up no matter how much of the

o
1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007
Fiscalyear

[ Fines for inappropriate waste management
[ iterest

] Decicated funds taxes on hazardous waste producers)
3 General fund (taxes paid by public)

mess they made. In some cases, property owners have been  F)GURE 21,20 Sources of money for the Superfund Trust Fund
assessed millions of dollars for removal of wastes left thee sed o clean up toxic and hazardous viaste sftes, 1981-2007.

years earler by previous owners. This stict liability has been a
headache for the real estate and insurance business, but it also
allows for protection of public health.

Superfund sites are those listed
for federal cleanup

‘The EPA estimates that there are at least 36,000 seriously con-
taminated sites in the United States. The General Accounting
Office (GAO) places the number much higher, perhaps more
than 400,000 when all are identified. By 2007, some 1.680 sites
had been placed on the National Priority List (NPL) for cleanup
with financing from the federal Superfund program. That num-
ber declined to 1,280 by 2011, as sites were cleaned up or deleted
from the list.

‘The Superfund is a revolving pool designed to (1) provide

an immediate response to emergency situations that pose
meminenl hazards, and (2) to clean up or remediate aban-
doned or inactive sites. Without this fund, sites would languish
for years or decades while the courts decided who was responsi-
ble to pay for the cleanup. Originally a $1.6 billion pool, the fund
peaked at $3.6 billion. From its inception, the fund was financed
by taxes on producers of toxic and hazardous wastes. Industries
opposed this “polluter pays”™ tax, because current manufacturers
are often not the ones responsible for the original contamina-
tion. In 1995, Congress agreed to let the tax expire. Since then
the Superfund has dwindled, and the public has picked up an
increasing share of the bill In the 1980s the public covered less
than 20 percent of the Superfund: now public tax dollars from the
‘general fund cover nearly the entire cost of toxic waste cleanup
(fig. 21.20).

Reliance on general funds makes cleanup progress vulnerable
o political winds in Congress. In some years Congress is able and
willing to cover the costs needed to protect the public from exposure
1o hazardous substances; in other years it can’t or won't provide suf-
ficient funding. EPA estimates suggest that the Superfund is likely
10 have just half of what it needs for the years 2010-2014,

“Total costs for hazardous waste cleanup in the United States
are estimated between $370 billion and $1.7 trillion, depend-
ing on how clean sites must be and what methods are used. For
years, Superfund money was spent mostly on lawyers and con-
sultants, and cleanup efforts were often bogged down in disputes
over liability and best cleanup methods. During the 19905, how-
ever, progress improved substantially, with a combination of rule
adjustments and administrative commitment to cleanup. From
1993 10 2000, the number of completed NPL cleanups jumped
from 155 to 757, almost half the 1,680 sites on the st at that time.
Since 2000, progress has slowed again, due to underfunding and a
Tower priority in the federal government.

What qualifies a site for the NPL? These sites are considered
0 be especially hazardous to human health and environmental
quality because they are known to be leaking or have a potential for
leaking supertoxic, carcinogenic, teratogenic, or mutagenic mate-
rials (chapter 8). The ten substances of greatest concern or most
commonly detected at Superfund sites are lead, trichloroethylene,
toluene, benzene, PCBs, chloroform, phenol, arsenic, cadmium,
and chromium. These and other hazardous or toxic materials are
known 10 have contaminated groundwater at 75 percent of the
sites now on the NPL. In addition, 56 percent of these sites have
contaminated surface waters, and airborne materials are found at
20 percent of the sites.

Where are these thousands of hazardous waste sites, and
how did they get contaminated? OId industrial facilities such as
smelters, mils, petroleum refineries, and chemical manufactur-
ing plants are highly likely to have been sources of toxic wastes.
Regions of the country with high concentrations of aging facto-
ties such as the “rust belt” around the Great Lakes or the Gulf
Coast petrochemical centers have large numbers of Superfund
sites (fig. 21.21). Mining distrits also are prime sources of toxic
and hazardous waste. Within cities, factories and places such as
raiload yards, bus repair barns, and filling stations where sol-
vents, gasoline, oil, and other petrochemicals were spilled or
dumped on the ground often are highly contaminated.
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FIGURE 21.18 Producers of hazardous wastes in the
United States.
Source: Data o the Us. €9, 202

Most hazardous waste is recycled, converted to nonhazardous
forms, stored, or otherwise disposed of on-site by the generators—
chemical comparics, petroleunn refiners, and other large industrial
it doesn’t become a public problem. Sill, the
hazardous wd.s\e ma\ does enter the waste stream or the environ-
ment represents a serious environmental problem. And orphan
wastes left behind by abandoned industries remain a serious threat
o both environmental quality and human health. For years, lt-
e attention was paid to this material. Wastes stored on private
property, buried, or allowed to soak into the ground were consid-
ered of litle concern to the public. An estimated 5 billion met-
tic tons of highly poisonous chemicals
were improperly disposed of in the
United States between 1930 and 1975
before regulatory controls became
more stringent.

Tracking of hazardous waste
through manifest system

Think About It

Hazerdous waste Is often poorly managed because it s invisile
to the public. What steps do we take to make it invisible?
Should the publc be more involved i, or take more responsibik-
ity for, hazardous waste management? If most waste is pro-
duced by the chemical and petroleum industries (fig. 21.18), is
there any way that you and your friends or famiy might help
control hazardous waste production?

Federal Legislation
Two important federal laws regulate hazardous waste management
and disposal in the United States. The Resource Conservation and
Recovery Act (RCRA, pronounced “rickra”) of 1976 is a compre-
hensive program that requires rigorous testing and management
of toxic and hazardous substances. A complex set of rules require
generators, shippers, users, and disposers of these mterials to keep
meticulous account of everything they handle and what happens to
it from generation (cradle) to ultimate disposal (grave) (fig. 21.19)
‘The Comprehensive Environmental Response, Compensation
and Liability Act (CERCLA or Superfund Act), passed in 1980 and
modified in 1984 by the Superfund Amendments and Reauthorization
Act (SARA), i aimed at rapid containment, cleanup, or remediation
of abandoned toxic waste sies. This statute authorizes the Environ-
‘mental Protection Agency to undertake emergency actions

Hazardous waste generalor when a threat exists that toxic material willleak into the

environment. The agency is empowered to bring suit for
the recovery of its costs from potentally responsible
parties such as site owners, operators, waste
generators,or transporters.

Transporter |,/

J —

“Transporter

FIGURE 21.19 Toxic and hazardous wastes must be tracked from “cradle to grave” by detailed shipping manifests.
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Tropical savannas, grasslands
support few trees

Where there is too little rainfall to support forests, we find open

grasslands or grasslands with sparse tree cover, which we
@ call savannas (fig. 5.7). Like tropical seasonal forests, most
wopical savannas and grasslands have a rainy season, but gener-
ally the rains are less abundant or less dependable than in a forest.
During dry seasons, fires can sweep across a grassland, killing off
young trees and keeping the landscape open. Savanna and grass-
land plants have many adaptations o survive drought, heat, and
fires. Many have deep, long-lived roots that seek groundwater and
that persist when leaves and stems above the ground die back.
After a fire, or after a drought, fresh green shoots grow quickly
from the roots. Migratory grazers, such as wildebeest, antelope, or
bison thrive on this new growth. Grazing pressure from domestic
livestock is an important threat to both the plants and animals of
tropical grasslands and savannas.

Deserts are hot or cold, but all are dry

You may think of deserts as barren and biologically impover-
ished. Their vegetation is sparse, but it can be surprisingly diverse,
and most desert plants and animals are highly adapted to survive
Tong droughts, extreme heat, and often extreme cold. Deserts
oceur where precipitation is rare and unpredictable, usually with
Tess than 30 cm of rain per year. Adaptations to these conditions
include water-storing leaves and stems, thick epidermal layers
10 reduce water loss, and salt tolerance. As in other dry environ-
ments, many plants are drought-deciduous. Most desert plants also
bloom and set seed quickly when a spring rain does fall

Warm, dry, high-pressure climate conditions (chapter 15) cre-
ate desert regions at about 30° north and south. Extensive deserts
oceur in continental interiors (far from oceans, which evaporate
the moisture for most precipitation) of North America, Central
Asia, Africa, and Australia (fig. 5.8). The rain shadow of the
Andes produces the world's driest desert in coastal Chile. Deserts
can also be cold. Antarctica is a desert. Some inland valleys appar-
ently get almost no precipitation at all.

ike plants, animals in deserts are specially adapted. Many

are noctumal, spending their days in burrows to avoid the sun’s
heat and desiceation. Pocket mice, kangaroo rats, and gerbils can
‘get most of their moisture from seeds and plants. Desert rodents
also have highly concentrated urine and nearly dry feces that allow
them 10 eliminate body waste without losing precious moisture.

Deserts are more vulnerable than you might imagine. Sparse,
slow-growing vegetation is quickly damaged by off-road vehicles.
Desert soils recover slowly. Tracks left by army tanks practicing
in California deserts during World War If can sill be seen today.

Deserts are also vulnerable to overgrazing. In Africa’s vast
Sahel (the souther edge of the Sahara Desert), livestock are
destroying much of the plant cover. Bare, dry soil becomes difi-
ing sand, and restabilization s extremely difficult. Without plant
roots and organic matter, the soil loses its ability (o retain what
rain does fall, and the land becomes progressively drier and more

FIGURE 5.7 Tropical
savannas and grasslands
experience annual drought
and rainy seasons and
year-found warm tempera-
tures. Thorny acacias and
‘abundant grazers thrive in
this savanna. Yellow areas
show moisture defictt

Moisture deficit

bare. Similar depletion of dryland vegetation is happening in many
lesert areas, including Central Asia, India, and the American
Southwest and Plains states.

Temperate grasslands have rich soils

As i tropical lattudes, temperate (midlatitude) grasslands occur
where there is enough rain to support abundant grass but not
enough for forests (fig. 5.9). Usually grasslands are a complex,
diverse mix of grasses and flowering herbaceous plants, generally
known as forbs. Myriad flowering forbs make a grassland colorful
and lovely in summer. In dry grasslands, vegetation may be less
than a meter tall. In more humid areas, grasses can exceed 2 m.
‘Where scattered trees ocur in a grassland, we call it a savanna.

Deep roots help plants in temperate grasslands and savan-
nas survive drought, fire, and extreme heat and cold. These
roots, together with an annual winter accumulation of dead
leaves on the surface, produce thick, organic-rich soils in tem-
perate grasslands. Because of this rich soil, many grasslands
have been converted to farmland. The legendary tallgrass prai-
ries of the central United States and Canada are almost com-
pletely replaced by com, soybeans, wheat, and other crops.
Most remaining grasslands in this region are too dry to support
agriculture, and their greatest threat is overgrazing. Excessive
grazing eventually kills even deep-rooted plants. As ground
cover dies off, sl erosion results, and unpalatable weeds, such
as cheatgrass or leafy spurge, spread.

Temperate shrublands have summer drought

Ofien, dry environments support drought-adapted shrubs and
irees, as well as grass. These mixed environments can be highly
variable. They can also be very rich biologically. Such conditions
are often described as Mediterranean (where the hot season co-
incides with the dry season producing hot, dry summers and cool,
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FIGURE 5.8 Deserts
generally receive less than
300 mm (30 m) of precipi-
tation per year. Hot deserts,
asin the American South-
west, endure year-round
drought and extreme heat in
summer.

leathery,

(hard, waxy) leaves form dense thickets. Serub oaks, drought-resis-
tant pines, or other small trees often cluster in sheltered valleys.
Periodic fires bun fiercely in this fuel-rich plant assemblage and
are a major factor in plant succession. Annual spring flowers often
bloom profusely, especially after fires. In California, this land-
scape is called chaparral, Spanish for thicket. Resident animals
are drought tolerant such as jackrabbits, kangaroo rats, mule deer,
chipmunks, lizards, and many bird species. Very similar landscapes
are found along the Mediterranean coast as well as southwestern
Australia, central Chile, and South Africa. Although this biome
doesn’t cover a very large total are, it contains 4 high number of
unique species and is often considered a “hot spot” for biodiversity.
Italso s highly desired for human habitation, often leading to con-
flicts with rare and endangered plant and animal species.

Areas that are drier year-round, such as the African Sahel
(edge of the Sahara Desert), northern Mexico, or the American
Intermountain West (or Great Basin) tend to have a more sparse,
open shrubland, characterized by sagebrush (Artemisia. sp.),
chamiso (Adenostoma sp.), or saltbush (Atriplex sp.). Some typical
animals of this biome in America are a wide variety of snakes and
lizards, rodents, birds, antelope, and mountain sheep.

Temperate forests can be evergreen
or deciduous

Temperate, or midlatitude, forests occupy a wide range of pre-

cipitation conditions but occur mainly between about 30 and

55 degrees latitude (see fig. 5.3). In general we can group these

forests by tree type, which can be broadleaf deciduous (losing
’ lly) or evergreen coniferous (cone-bearing).

Deciduous Forests

Broadleaf forests oceur throughout the world where rainfall is
pleniful. In midlatitudes, these forests are deciduous and lose
their leaves in winter, The loss of green chlorophyll pigments can
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FIGURE 5.9
Grasslands ocour at
midiatitudes on all con-
tinents. Kept open by
extreme temperatures, dry
conditions, and periodic
fires, grasslands can have
surprisingly high plant and M
animal diversity. Month

produce brilliant colors in these forests in autumn (fig. 5.10). At
Tower latitudes, broadleaf forests may be evergreen or drought-
deciduous. Southern live oaks, for example, are broadleaf ever-
green trees.

Although these forests have a dense canopy in summer, they
have a diverse understory that blooms in spring, before the trees
leaf out. Spring ephemeral (short-lived) plants produce lovely
flowers, and vemal (springtime) pools support amphibians and
insects. These forests also shelter a great diversity of songbirds.

FIGURE 5.10
Temperate deciduous for-
ests have year-round
precipitation and winters
near or below freezing.

huapyfwwmbhe.comfeunningham| e

What Can You Do?

B

——
Reducing Waste

. Buy foods that come with less packaging; shop at farmers’
markets or co-ops, using your own containers.

. Take your own washable refillable beverage container to
meetings or convenience stores.
3. When you have a choice at the grocery store between plas-
. glass, or metal containers for the same food, buy the
reusable or easier-to-recycle glass or metal

4. When buying plastic products, pay a few cents extra for
environmentally degradable varieties.

Separate your cans, bottles, papers, and plastics for
recycling,

£

‘Wash and reuse bottles, aluminum foil, plastic bags, etc.,
for your personal use.

. Compost yard and garden wastes, leaves, and grass
clippings:

‘Write t0 your senators and representatives and urge them
10 vote for container deposits, recycling, and safe inci
erators or landfils

‘Sources Minnesots olluton Control Agercy.

the environment. In doing so, they can release toxic chemicals into
the environment. And in modern, ined landfils they don't decom-
pose at all. Furthermore, they make recycling less feasible and may
lead people to believe that lttering is okay.

Most of our attention in waste management focuses on recy-
cling. But slowing the consumption of throw-away products
is by far the most effective way to save energy, materials, and
money. The 3R waste hierarchy—reduce, reuse, recycle—lists
the mostimportant strategy first. Industries are increasingly find-
ing that reducing saves money. Soft drink makers use less alumi-
num per can than they did 20 years ago, and plastic bottles use
Tess plastic. 3M has saved over $300 million in the past 30 years
by reducing its use of raw materials, resing waste products, and
increasing efficiency. Individual action is essential too (What
Can You Do? above)

In 2007 the European Union adopted new regulations that aim
10 reduce both landfills and waste incineration. For the first ime,
the waste hierarchy—prevention, reuse, recycling, then disposal
only as a last resort—is formalized in law. By 2020, half of all EU
municipal solid waste and 70 percent of all construction waste is
expected to be reused or recycled as a result of this law. No recy-
clable waste will be allowed in landills. This law also establishes
the “polluter pays” principle (those who create pollution should
pay for it), and the “proximity principle.” which says that waste
should be treated in the nearest appropriate facility to the site at

FIGURE 21.17 According to the U.S. Environmental
Protection Agency, industries produce about one ton of
hazardous waste per year for every person in the United States.
Responsible handling and disposal is essentia.

which it was produced. Mixing of toxic waste is also forbidden,
making reuse and reprocessing easier.

21.4 HazAarDOUS AND ToX1ic WASTES

“The most dangerous aspect of the waste stream we have described
is that it often contains highly toxic and hazardous materials that
are injurious to both human health and environmental quality. We
now produce and use a vast array of flammable, explosive, caus-
tic, acidic, and highly toxic chemical substances for indusirial,
agricultural, and domestic purposes (fig. 21.17). According to the
EPA, industries in the United States generate about 265 million
metric tons of officially classified hazardous wastes each year,
slightly more than I ton for each person in the country. In addition,
considerably more toxic and hazardous waste material is gener-
ated by industries or processes not regulated by the EPA. Shock-
ingly, at least 40 million metric tons (22 billion Ibs) of toxic and
hazardous wastes are released into the air, water, and land in the
United States each year. The biggest source of these toxins are the
chemical and petroleu industries (fig. 21.18).

Hazardous waste must be recycled,
contained, or detoxified

Legally, a hazardous waste s any discarded material, liquid or
solid, that contains substances known to be (1) fatal to humans
or laboratory animals in low doses, (2) toxic, carcinogenic, muta-
genc, or teratogenic to humans or other life-forms, (3) ignitable
with a flash point less than 60°C, (4) corrosive, or (5) explosive
or highly reactive (undergoes violent chemical reactions either by
itself or when mixed with other materials). Notice that this defini-
tion includes both toxic and hazardous maerials as defined in chap-
ter 8. Certain compounds are exempt from regulation as hazardous
waste if they are accumulated in less than 1 kg (2.2 1b) of com-
mercial chemicals or 100 kg of contaminated soil, water, or debris
Even larger amounts (up o 1,000 kg) are exempt when stored at an
approved waste treatment faciliy for the purpose of being benefi-
cially used, recycled, reclaimed, detoified, or destroyed.
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Reuse is even more efficient than recycling

Even better than recycling or composting is cleaning and reusing
materials in their present form, thus saving the cost and energy
of remaking them into something else. We do this already with
some specialized items. Auto parts are regularly sold from scrap
yards, especially for older car models. In some areas, stained glass
windows, brass fittings. fine woodwork, and bricks salvaged from
old houses bring high prices. Some communities sort and reuse
variety of materials reccived in their dumps (fig. 21.15).
In many cities, glass and plastic bottles are routinely returned
0 beverage producers for washing and refilling. The reusable,
refillable botle is the most efficient beverage container we have.
his is better for the environment than remelting and more profit-
able for local communities. A reusable glass container makes an
average of 15 round-trips between factory and customer before it
becomes so seratched and chipped that it has to be recycled. Reus-
able containers also favor local bottling companies and help pre-
serve regional differences.
Since the advent of cheap, lightweight, disposable food
and beverage containers, many small, local breweries, canner-
ies, and bottling companies have been forced out of business by

FIGURE 21.15 Reusing discarded produats is a creative and
effcient way to reduce wastes. This recycling center in Berkeley,
California, is a valuable source of used bilding supplies and a
money saver for the whole community
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huge national conglomerates. These big companies can afford
to ship food and beverages great distances as long as it is a
one-way trip. If they had to collect their containers and reuse
them, canning and bottling factories serving large regions would
be uneconomical. Consequently, the national companies favor
recycling rather than refilling because they prefer fewer, larger
plants and don’t want to be responsible for collecting and reu:
ing containers. In some circumstances, life-cycle assessment
shows that washing and decontaminating containers takes as
much energy and produces as much air and water pollution as
manufacturing new ones

In less affluent nations, reuse of manufactured goods is an
established tradition. Where most manufactured products. are
expensive and labor is cheap, it pays to salvage, clean, and repair
products.

Reducing waste is often the cheapest option

Excess packaging of food and consumer products s one of our
greatest sources of unnecessary waste. Paper, plastic, glass, and
metal packaging material make up S0 percent of our domestic
trash by volume. Much of that packaging is primarily for market-
ing and has litle to do with product protection (fig. 21.16). Manu-
facturers and retailers might be persuaded to reduce these wasteful
practices if consumers ask for products without excess packaging.
Canada’s National Packaging Protocol (NPP) recommends that
packaging minimize depletion of virgin resources and produc-
tion of toxins in manufacturing. The preferred hierarchy is (1) no
packaging, (2) minimal packaging, (3) reusable packaging, and
(@) recyclable packaging.

Where disposable packaging is necessary, we still can reduce
the volume of waste in our landfills by using materials that are
compostable o degradable. Photodegradable plasties break down
when exposed 1o ultraviolet radiation. Biodegradable plastics

aterials tarch that can by
microorganisms. These degradable plastics often don’t decompose
completely: they only break down to small partiles that remain in

FIGURE 21.16 How much more do we need? Where will we
put what we already have?
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North American deciduous forests once covered most of what
is now the eastern half of the United States and southern Canada.
Most of western Europe was once deciduous forest but was cleared
a thousand years ago. When European settlers first came to North
America, they quickly settled and cut most of the eastern decidu-
ous forests for firewood, lumber, and industrial uses, as well as
o clear farmland. Many of those regions have now retumed to
deciduous forest, though the dominant species have changed.

Deciduous forests can regrow quickly because they occupy
moist, moderate climates. But most of these forests have been
occupied so long that human impacts are extensive, and most
native species are at least somewhat threatened. The greatest threat
10 broadleaf deciduous forests is in eastern Siberia, where defores-
tation is proceeding rapidly. Siberia may have the highest defores
tation rate in the world. A forests disappear, so do Siberian tigers,
bears, cranes, and a host of other endangered speces.

Coniferous Forests
Coniferous forests grow in a wide range of temperature and mois-
re conditions. Often they occur where moisture is limited: In cold
climates, moisture is unavailable (frozen) in winter; hot climates
may have seasonal drought; sandy soils hold little moisture, and
they are often occupied by conifers. Thin, waxy leaves (needles)
elp these trees reduce moisture loss. Coniferous forests provide
most wood products in North America. Dominant wood produc-
tion regions include the southern Atlantic and Gulf coast states,
the mountain West, and the Pacific Northwest (northern California
o Alaska), but coniferous forests support forestry in many regions.

The coniferous forests of the Pacific coast grow in extremely
wet conditions. The weltest coastal forests are known as
temperate rainforest, a cool, rainy forest often enshrouded in
fog (fig. 5.11). Condensation in the canopy (leaf drip) is a major
form of precipitation in the understory. Mild year-round tempera-
tures and abundant rainfall, up to 250 cm (100 in.) per year, result
in luxuriant plant growth and giant trees such as the California
redwoods, the largest trees in the world and the largest above-
ground organism ever known to have existed. Redwoods once
grew along the Pacific coast from California to Oregon, but log-
ging has reduced them t0 a few small fragments

Remaining fragments of ancient temperate rainforests are
important areas of biodiversity. Recent battles over old-growth
conservation (chapter 12) focus mainly on these areas. As with
deciduous forests, Siberian forests are especially vulnerable to
old-growth logging. The rate of this clearing, and its environmen-
tal effects, remain largely unknown.

Boreal forests occur at high latitudes

Because conifers can survive winter cold, they tend to dominate
the horeal forest, or northern forests, that lie between about 50°
and 60° north (fig. 5.12). Mountainous areas at lower latitudes
may also have many characteristics and species of the boreal for-
est. Dominant trees are pines, hemlocks, spruce, cedar, and fir
Some deciduous trees are also present, such as maples, birch,
aspen, and alder. These forests are slow-growing because of the
cold temperatures and a short frost-free growing season, but they

FIGURE 5.11
Temperate rainforests have
‘abundant but often seasonal
precipitation that supports
magnificent trees and luxuri-
ant understory vegetation.
Offen these forests experi-
ence dry summers.

AM SoK
Month

are still an expansive resource. In Siberia, Canada, and the western
United States, large regional economies depend on boreal forests.

The extreme, ragged edge of the boreal forest, where forest grad-
wally gives way to open tundra, s known by its Russian name, taiga.
Here extreme cold and short summer limits the growih rate of trecs
A 10 ¢ diameter tree may be over 200 years old in e far north.

Tundra can freeze in any month

Where temperatures are below freezing most of the year, only
small, hardy vegetation can survive. Tundra, a treeless landscape
that occurs at high latitudes or on mountaintops, has a growing
season of only two to three months, and it may have frost any
month of the year. Some people consider tundra a variant of grass-
lands because it has no trees; others consider it a very cold desert
because water is unavailable (frozen) most of the year.

Arctic tndra is an expansive biome that has low pro-
ductivity because it has a short growing season (fig. 5.13).
During midsummer, however, 24-hour sunshine supports a burst
of plant growth and an explosion of insect life. Tens of millions of
waterfowl, shorcbirds, tems, and songbirds migrate fo the
Arctic every year to feast on the abundant invertebrate and plant
life and to raise their young on the brief bounty. These birds then
migrate to wintering grounds, where they may be eaten by local
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FIGURE 5.12 Boreal
forests have moderate
precipitation but are often
moist because tempera-
tures are cold most of the
year. Cold-tolerant and
drought-tolerant conifers
dominate boreal forests
and taiga, the forest fringe.

predators—effectively they carry energy and protein from high
latitudes to low latitudes. Arctic tundra is essential for global
biodiversity, especially for birds,

Alpine tundra, occurring on or near mountaintops, has envi-
ronmental conditions and vegetation similar to-arctic tundra
‘These areas have a short, intense growing season. Often one sees
a splendid profusion of flowers in alpine tundra; everything must
flower at once in order to produce seeds in a few weeks before the
snow comes again. Many alpine tundra plants also have deep pig-
mentation and leathery leaves to protect against the strong ultra-
violet light in the thin mountain atmosphere.

Compared to other biomes, tundra has relatively low diver-
sity. Dwarf shrubs, such as willows, sedges, grasses, mosses,
and lichens tend to dominate the vegetation. Migratory muskox,
caribou, or alpine mountain sheep and mountain goats can live on
the vegetation because they move frequently to new pastures.

Because these environments are t0o cold for most human
activities, they are not as badly threatened as other biomes. There
are important problems, however. Global climate change may
be altering the balance of some tundra ecosystems, and air pol-
lution from distant cities tends to accumulate at high latitudes
(chapter 15). In eastern Canada, coastal tundra is being badly
overgrazed and degraded by overabundant populations of snow
geese, whose numbers have exploded due to winter grazing on
the rice fields of Arkansas and Louisiana. Oil and gas drilling—
and associated truck traffic—threatens tundra in Alaska and
Siberia. Clearly, this remote biome is not independent of human
activities at lower latitudes.

5.2 MARINE ECOSYSTEMS

bm they are probably as diverse and as complex as terrestrial biomes.
this section, we will explore a few facets of these fascinating
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FIGURE 5.13 This
landscape in Canadas
Northwest Territories has
both alpine and arctic
tundra. Plant diversity is
relatively low, and frost can
occur even in summer.

environments. Oceans cover nearly three-fourths of the earth’s sur-
face, and they contribute in important, although often unrecognized,
y most marine
‘communities depend on photosynthetic organisms. Often it is algac
or tiny, free-floating photosynthetic plants (phytoplankton) that
support a marine food web, rather than the trees and grasses we see
on land. In oceans, photosynthetic activity tends to be greatest near
coastlines, where ntrogen, phosphorus, and other utrenis wash off-
shore and ferti producers. Oc
to the distribution of blologlcnl productivity, as they transport nutri-
ents and phytoplankton far from shore (fig. .14).

As plankton, algae, fish, and other organisms die, they sink
toward the ocean floor. Decp-ocean ecosystems, consisting of
crabs, filter-feeding organisms, strange phosphorescent fish, and
many other life-forms, often rely on this “marine snow” as a pri-
mary nutrient source. Surface communities also depend on this
material. Upwelling currents circulate nutrients from the ocean
floor back to the surface. Along the coasts of South America,
Africa, and Europe, these currents support rich fisheries.

Vertical stratification is a key feature of aquatic ecosystems,
mainly because light decreases rapidly with depth, and commu-
nities below the photic zone (light zone, often reaching about
20 m deep) must rely on energy sources other than photosyn-
thesis to persist. Temperature also decreases with depth. Deep-
ocean species often grow slowly in part because metabolism is
reduced in cold conditions. In contrast, warm, bright, near-surface
communities such as coral reefs and estuaries are among the
world’s most biologically productive environments. Temperature
also affects the amount of oxygen and other elements that can be
absorbed in water. Cold water holds abundant oxygen, so produc-
tivity i often high in cold oceans, as in the North Atlantic, North
Pacific, and Antarctic.

Ocean systems can be described by depth and proximity to
shore (fig. 5.15). In general, benthic communities occur on the bot-
tom, and pelagie (from “sea” in Greek) zones are the waer column.
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year. “Bottle-bills” requiring deposits on bottles and cans have
reduced littering in many states.

Our present public policies often tend to favor extraction of
new raw materials. Energy, water, and raw materials are often
sold to industries below their real cost, in order to create jobs
and stimulate the economy. A pound of recycled clear PET, the
material in most soft drink bottles, is worth about 40¢, while a
pound of virgin PET costs about 25¢. Setting the prices of natu-
ral resources at their real cost would tend to encourage efficiency
and recycling

Price fluctuations are a constant challenge for businesses try-
ing to make an income on recycling. As with any primary mate-
rials, prices can vary dramatically. Some years copper has been
50 valuable that copper pipes, wires, and flashing are stolen from
houses; other years prices and demand are low. States and cities
have often helped to stabilize markets by requiring government
agencies 1o purchase a minimum amount of recycled materials.
Each of us can play a role in creating markets, as well. If we buy
things made from recycled materials—or ask for them if they
aren’t available—we will help make it possible for recycling pro-
‘grams to succeed. Growing world demand, with expanding con-
sumer economies around the world, is also likely to increase the
value of recycled materials.

Commercial-scale recycling and composting

are areas of innovation

Recycling household waste is the bedrock of recycling programs,
but large-scale recycling is growing rapidly. The most common
large-scale recycling is composting municipal yard waste and
tree trimmings. Composting allows natural aerobic (oxygen-rich)

amendment. Many people compost yard and garden waste in their
backyards. Increasingly, cities and towns are providing compost
facilities in order to save landfill space. Organic debris such as yard
waste makes up 13 percent of the waste we generate (see fig. 21.3).
Almost two-thirds of our yard waste is composted.

While compost is a useful material, its market value is low.
Many new and exciting technologies are emerging that create still
more marketable products, especially energy, from garbage. The
Stwiss company Kompogas, for example, ferments organic waste
in giant tanks, producing natural gas (methane), compost, and
fertilizer. The company makes money on both ends, by collect-
ing waste and selling energy and fertilizer. Increasingly, German
and Swiss cities provide biogas generation and composting for
municipal organic waste and household scraps. Cities save money
in waste disposal and make money selling gas and compost

emolition and construction debris is another major source
of waste. Every year thousands of tons of debris from building
sites heads to landfills, but recycling facilities are beginning to
collect, sort, and resell increasing portions of this debris. Taylor
Recycling, in Newburgh, New York, recycles and sells 97 percent
of the mixed demolition debris it receives, well above the indusiry
average of 30 to 50 percent, Trees are ground up and converted to

muleh for landscaping. Dirt from stumps is screened and sold as
clean garden soil. Mixed materials are sorted into recyclable glass,
metals, and plastics. Construction debris is sorted and ground:
broken drywall is ground to fresh gypsum, which is sold to dry-
wall producers; wood is composted or burned; bricks are crushed
for fill and construction material. Organic waste that can’t be sep:
rated, such as food-soaked paper, is sent to a gasifier. The gasifier
is like an enclosed, oxygen-free pressure cooker, which converts
biomass to natural gas. The gas runs electric generators for the
plant, and any extra gas can be sold. Waste heat warms the recy-
cling facility. The 3 percent of incoming waste that doesn't get
recycled is mainly mixed plastics, which currently are landfilled.

Demanufacturing is necessary
for appliances and e-waste

Demanufacturing is the disassembly and recycling of obsolete
products, such as TV sets, computers, refrigerators, and air con-
ditioners. As we mentioned earlier, electronics and appliances are
among the fastest-growing components of the global waste stream.

yabout uch
as stoves and refrigerators, 12 million computers, and uncounted
cell phones each year. Most office computers are used only 3 yea
televisions last 5 years or so; refrigerators last longer, an aver-
age of 12 years. In the United States, an estimated 300 million
computers await disposal in storage rooms and garages,

Demanufacturing is key 1o reducing the environmental costs
of e-waste and appliances. A single personal computer can con-
tain 700 different chemical compounds, including toxic materials
(mercury, lead, and gallium), and valuable metals (gold, silver,
copper), as well as brominated fire retardants and plastis. A typi-
cal personal computer has about $6 worth of gold, $5 worth of
copper, and $1 of silver. Approximately 40 percent of lead enter-
ing U.S. landiills, and 70 percent of heavy metals, comes from
e-waste. Batteries and switches in toys and electronics make up
another 10 to 20 percent of heavy metals in our waste stream.
‘These contaminants can enter groundwater if computers are land-
filled, or the air if they are incinerated. When collected, these
materials can become a valuble resource—and an alternative to
newly mined materials.

To reduce these environmental hazards, the European Union
now requires cradle-to-grave responsibility for electronic prod-
ucts. Manufacturers now have to accept used products or fund
independent collectors. An extra $20 (less than one percent of
the price of most computers) is added to the purchase price to
pay for collection and demanufactu Janufacturers selling
computers, televisions, refrigerators, and other appliances in
Europe must also phase out many of the toxic compounds used
in production. Japan is rapidly adopting European environmental
standards, and some U.S. companies are following suit, in order
to maintain their international markets. In the United States, at
least 29 states have passed, or are considering, legislation to
control disposal of appliances and computers, in order t0 protect
‘groundwater and air quality.

CHAPTER 21 Solid, Toxic, and Hazardous Waste 483



200

150

Million tons.

100

Recovery for recycling

Landil, other disposal

instead of bauxite ore cuts energy use by

ry of the composting 95 percent, yet we sill throw away more
component of ecycing ~,

than a million tons of aluminum every year.
If aluminum recovery were doubled world-
wide, more than a million tons of air pollut-
ants would be eliminated every year.

Recycling plastic

is especially difficult

Much of the plastic ocean debris (opening
case study) results from carelessness, but
another part of the problem is that plastic is
tricky to reuse and recycle. Contamination
is a major reason for this difficulty. Most of
the 24 billion plastic soft drink bottles sold
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FIGURE 21.13 Disposal of municipal sold waste from 1960 to 2000, Landfils remain ¢ be melied and remanufactured into car-

the dominant destination, but recycling and composting are increasing.
Source: Environmental Protecion Ageey

60 percent of domestic waste, Los Angeles and Chicago over
40 percent. In 2002, New York Mayor Michael Bloomberg raised a
national outery by canceling most of the city’s recycling program.
He argued that the program didn’t pay for itself and the money
should be spent to balance the city’s budget. A year later, Bloom-
berg relented after realizing that it cost more to ship garbage to
Ohio than to recycle. Recycling was reinstated for nearly all recy-
clable materials.

Japan is probably the world's leader in recycling (sce
fig. 21.8). Short of land for landfill, Japan recycles about half its
municipal waste and incinerates about 30 percent. The country
has begun a push to increase recycling, because incineration costs
almost as much. Some communities have raised recyeling rates to
80 percent, and others aim to reduce waste altogether by 2020. This
Tevel of recycling is most successful when waste is well sorted. In
Yokohama, a city of 3.5 million, there are now 10 categories of
recyclables, including used clothing and sorted plastics. Some
‘communities have 30 or 40 categories for sorting recyclables.

Recycling lowers our demands for raw resources. In the
United States, we cut down 2 million trees every day to produce
newsprint and paper products, a heavy drain on our forests. Recy-
cling the print run of a single Sunday issue of the New York Times
would spare 75,000 trees. Every piece of plastic we make reduces
the reserves supply of petroleum and makes us more dependent on
foreign oil. Recycling 1 ton of aluminum saves 4 tons of bauxite

I 700 kg (1,540 1b) of petroleum coke and pitch,
as well as keeping 35 kg (77 1b) of aluminum fluoride out of the ai.

Recycling also reduces energy consumption and air pollution.
Plastic bottle recycling can save 50 to 60 percent of the energy
needed to make new ones. Making new steel from old scrap offers
up to 75 percent energy savings. Producing aluminum from scrap
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pet, flecce clothing, plastic strapping, and
nonfood packaging. However, even a trace
of vinyl—a single PVC (polyvinyl chlo-

tide) bottle in a truckload, for example—can make PET useless.
Although most bottles are now marked with a recycling num-
ber, it's hard for consumers to remember which is which. Another
obstacle is that many soft drink bottles are sold and consumed on the
20, and never make it ino recycling bins. As a consequence Ameri-

cans have an extremely low recovery rate for plastics (fig. 21.14).
Reducing ltter is an important benefit of recycling. Ever
since disposable paper, glass, metal, foam, and plastic packag-
ing began to accompany nearly everything we buy, these dis-
carded wrappings have collected on our roadsides and in our
lakes, rivers, and oceans. Without incentives to properly dispose
of beverage cans, bottles, and papers, it often scems easier to
just toss them aside when we have finished using them. Litter
is a costly as well as unsightly problem. The United States pays
an estimated 32 cents for each piece of ltter picked up by crews
along state highways, which adds up to $300 million every
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FIGURE 21.14 Recycling of plastics in the United States is
improving but remains extremely low. This helps explain why so
much plastic ends up in the ocean.
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‘The epipelagic zone (¢pi = on top) has photosynthetic organisms
Below this are the mesopelagic (meso = medium), and bathype-
lagic (bathos = deep) zones. The deepest layers are the abyssal
zone (10 4,000 m) and hadal zone (deeper than 6,000 m). Shore-
lines are known as lttoral zones, and the area exposed by low tides
is known as the intertidal zone. Often there is a broad, relatively
shallow region along a continent’s coast, which may reach a few
kilometers or hundreds of kilometers from shore. This undersea
area is the continental shelf.

Open-ocean communities vary
from surface to hadal zones

“The open ocean is often referred to as a biological desert because
it has relatively low productivity. But like terrestrial deserts, the
open ocean has areas of rich productivity and diversity. Fish and
plankton abound in regions such as the equatorial Pacific and Ant-
arctic oceans, where nutrients are distributed by currents. Another
notable exception, the Sargasso Sea in the western Atlantic, is
known for i free-floating mats of brown algae. These algae mats
support a phenomenal diversity of animals, including sea turtles,
fish, and even eels that hatch amid the algae, then eventually
migrate up rivers along the Atlantic coasts of North America and
Europe.

Deep-sea thermal vent communities are another remarkable
type of marine system (fig. 5.16) that was completely unknown
uniil 1977 explorations with the deep-sea submarine Alvin. These
‘communities are based on microbes that capture chemical energy,
mainly from sulfur compounds released from thermal vents—
jets of hot water and minerals on the ocean floor. Magma below
the ocean crust heats these vents. Tube worms, mussels, and
microbes on these vents are adapted to survive both extreme tem-
peratures, often above 350°C (700°F), and the intense water pres-
sure at depths of 7,000 m (20,000 ft) or more. Oceanographers
have discovered thousands of different types of organisms, most of
them microscopic, in these communities (chapter 3).

FIGURE 5.14 Satelite
measurements of chlorophyll
levels in the oceans and on
land. Dark green to blue land
areas have high biological
productivity. Dark blue oceans
have little chiorophyll and are
biologically impoverished. Light
green to yallow ocean zones.
are biologically rich.

Littoral o intertdal zone

Pelagic zone

FIGURE 5.15 Light penetrates only the top 10-20 m of the
ocean. Below this level, temperatures drop and pressure increases.
de the intericel

Coastal zones support rich, diverse communities

As in the open ocean, shoreline communities vary with depth,
light, nutrient concentrations, and temperature. Some shoreline
communities, such as estuaries, have high biological productiy-
ity and diversity because they are enriched by nutrients washing
from the land. But nutrient loading can be excessive. Around the

CHAPTER 5 Biomes 107



FIGURE 5.16 Deep-ocean thermal vent communities have
great diversity and are unusual because they rely on chemosyn-
thesis, not photosynthess, for energy.

world, more than 200 “dead zones” oceur in coastal zones where
excess nutrients stimulate bacterial growth that consumes almost
all oxygen in the water and excludes most other life, We'll discuss
this problem further in chapter 8.

‘oral reefs are among the best-known marine ecosystems
@ because of e extaondinarybilgil poducivity and heie

diverse an g min-

e colonial lyps) ith photo-
synthetic algae. Calcium- rich conl skeletons buld up o make reefs,

atolls and islands (fig. 5.17a). Reefs protect shorelines and shelter
countless species of fish, worms, crustaceans, and other lfe-forms.

Reef-building corals live where water is shallow and clear enough
for sunlight o reach the photosynthetic algac. They need warm (but
ot too warm) water, and can't survive where high nutrient concen-
trations or runoff from the land create dense layers of algae, fungi, or
sediment. Coral reefs also are among the most endangered biomes in
the world. As the opening case study for this chapter shows, destruc-
tive fishing practices can damage or destroy coral communitis. In
addition, polluted urban runoff, trash, sewage and industrial effluent,

diment nd foresir

coral reefs along coastlines that have high human populations. Intro-
duced pathogens and predators also threaten many reefs. Perhaps the
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greatest threat o reefs is global warming. Elevated water tempera-
tures cause coral bleaching, in which corals expel their algal partner
and then die. The third UNESCO Conference on Oceans, Coasts,
and Islands in 2006 reported that one-third of all coral reefs have
been destroyed, and that 60 percent are now degraded and probably
will be dead by 2030.

“The value of an intact reef in a tourist economy can be upwards
of (US)S1 million per square kilometer. The costs of conserv-
ing these same reefs in a marine-protected arca would be just
(US)S775 per square kilometer per year, the UN Environment
Program estimates. Of the estimated 30 million small-scale fishers
in the developing world, most are dependent to a greater or lesser
extent on coral reefs. In the Philippines, the UN estimates that more
than 1 million fishers depend dircctly on coral reefs for their liveli-
hoods. We'll discuss reef restoration efforts frther in chapter 13,

Sea-grass beds, or eel-grass beds, often occupy shallow, warm,
sandy areas near coral reefs. Like reefs, these communities support
a rich diversity of grazers, from snails and worms (o turtles and
manatees. Also like reefs, these environments are easily smothered
by sediment originating from onshore agriculture and development

Mangroves are trees that grow in salt water. They occur along
calm, shallow, tropical coastlines around the world (fig. 5.17b).
Mangrove forests or swamps help stabilize shorelines, and they
are also critical nurseries for fish, shrimp, and other commercial
species. Like coral reefs, mangroves line tropical and subtropical
coastlines, where they are vulnerable to development, sedimenta-
tion, and overuse. Unlike reefs, mangroves provide commercial
timber, and they can be clear-cut to make room for aquaculture
(fish farming) and other activities. Ironically, mangroves provide
the protected spawning beds for most of the fish and shrimp farmed
in these ponds. As mangroves become increasingly threatened in
wopical countries, villages relying on fishing for income and suste-
nance are seeing reduced catches and falling income.

Estuaries are bays where rivers empty into the sea, mix-
ing fresh water with salt water. Salt marshes, shallow wetlands
flooded regularly or occasionally with seawater, occur on shallow
coastlines, including estuaries (fig. 5.17¢). Usually calm, warm,
and nutrient-rich, estuaries and salt marshes are biologically
diverse and productive. Rivers provide nurients and sediments, and
a muddy bottom supports emergent plants (whose leaves emerge
above the water surface), as well as the young forms of crustaceans,
such as crabs and shrimp, and mollusks, such as clams and oysters.
Nearly two-thirds of all marine fish and shellfish rely on estuaries
and saline wetlands for spawning and juvenile development

Estuaries near major American cities once supported an enor-
mous wealth of scafood. Oyster beds and clam banks in the waters
adjacent to New York, Boston, and Baltimore provided free and
easy food to early residents. Sewage and other contaminants long
ago eliminated most of these resources, however. Recently, major
efforts have been made to revive Chesapeake Bay, America’s larg-
est and most productive estuary. These efforts have shown some

suceess, but many challenges remain (chapter 3).

In contrast to the shallow, calm conditions of estuaries, coral
reefs, and mangroves, there are violent, wave-blasted shorelines
that support fascinating lfe-forms in tide pools. Tide pools are
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ﬁ What Do You Think?

Environmental Justice

Who do you suppose lives closest to toxic waste dumps, Superfund sites,
or other polluted areas in your cty or county? If you answered poor peo-
ple and minorites, you are probably right. Everyday experiences tell us
that minority neighborhoods are much more likely to have high pollution
Tevels and unpopular industrial faclites such as toxic waste dumps, land-
fils, smelers, refineries, and incinerators than are middle- or upper-class,
white neighborhoods.

One of the first systematic studies showing this inequitable distribu-
tion of environmental hazands based on race in the United States was co
ducted by Robert D. Bullard in 1978. Asked for help by a predominantly
black community in Houston that was sated for a waste incinerator, Bullard
discoreed el v of e iy’ esin s s of g ncl
erators book enttled

* The “dirtiest” or most polluted zip codes in California are in
riot-tom South Central Los Angeles where the population is pre-
dominantly African American or Latino. Three-quarters of all
blacks and half of all Hispanics in Los Angeles live in these
polluted areas, while only one-third of all whites live there.

Race is claimed (o be the strongest determinant of who is exposed
to environmental hazards. Where whites can often “vote with their
feet” and move out of polluted and dangerous neighborhoods, minori-
ties are restricted by color barriers and prejudice to less desirable loca
tions. In some areas, though, class or income also are associated with
environmental hazards. The difference between environmental racism
and other kinds of environmental injustice can be hard to define. Eco-
nomic apportunity is often closely tied to race and cultural background
in the United States.

Racial way
up toic waste sites and punishes polluters (fig. 2). White communities
see faster responses and get better results once toxic wastes are discov-
ered than do minority communities. Penaltis assessed against polluters

cat
Dunping on l)»nc Bullard showed that this pattem of risk exposure in
minority communitis is common throughout the United States (fig. 1)

In 1987, h Commision o RaclJsice o h Unied Clurch of
Christ publi Tis conclusion
was that race i the most significant variable in determining the location of
toxic waste sites in the United States. Among the findings of this study are:

* Thee of the five largest commercial hazardous waste landiills
accounting for about 40 percent of all hazardous waste disposal
in the United States are located in predominantly black or
Hispanic communities

* 60 percent of African Americans and Latinos and nearly half
of all Asians, Pacific Islanders, and Native Americans live in
communities with uncontrolled toxic waste sites.

+ The average percentage of the population made up by minorities
in communities without a hazardous waste facility is 12 percent.
By contrast, communities with one hazardous waste facility have,
on average, twice as high (24 percent) a minority population,
‘whil those with two or more such facltes verage three times
as high a minority population (38 percent) as those without one.

FIGURE 1 Native Americans protest toxic waste dumping on tribal lands.

six times higher than those Mmu pollut-
ers of minority communities. Cleanup is more thorough in white com-
munities as well. Most toxic wastes in white communities are removed
or destroyed. By contrast, waste sites in minority neighborhoods are
‘generally only “contained” by putting a cap over them, leaving contami-
nants in place to potentially resurface or leak into groundwater at a later
date. The growing environmental justice movement works 1o combine
civil rights and social justice with environmental concerns to call for
a decent, livable environment and equal environmental protection for
everyone,

Ethical Considerations
What are the ethical considerations in waste disposal? Does everyone
have a right to live in a clean environment or only a right to buy one if
they can aford it? What would be a fair way to disribute therisks of toxic
wastes? If you had to choose between an incinerator, a secure landfil, or a
‘composting facility for your neighborhood, which would you take?

100,606 $113:491

$55318

White  Minorty High Loy
areas areas income  income

FIGURE 2 Hazardous waste law enforcemert. The average fies o peraltes
pr it for violaion o the Resource Consenvtion and Recovery Ac vary
dramatically with racial composition of the communites where waste was
dumped
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FIGURE 21.10 Creating a stable, econornically viable
market for recycled products is essential for recycling success.
Consumers can help by buying recycled products.

into rubberized road surfacing. Newspapers become cellulose
insulation, kitchen wastes become a valuable soil amendment, and
steel cans become new automobiles and construction maerals.
“The high value of aluminum scrap has spurred a large percent-
age of aluminum recycling nearly everywhere (fig. 21.11). About
twothirds of all aluminum beverage cans are now recyeled:; up from
only 15 percent in 1970. Aluminum is also valuzble, lightweight,
and easy to recycle rapidly: half of the cans now on grocery shelves
will be made into another can within two months. Even so. we

——r L)
e D steeicans
e Vard timmings
] Paper and paperboard
] Aluminum beer and soft dink cans
] Tires

| Plastic HDPE milk and water botties
I Plastic soft drink bottles

] Glass containers

Percent

FIGURE 21.11 Recycling rates for selected materials in the
United States. Battery recyciing, which is required by law, is very
successful. Other materias, even though valuable for reuse, have
mixed recycling success.

‘Source: Data from Enicnmenta Protecton Agency, 2010
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throw away staggering amounts of materials. Every three months
Americans throw away enough aluminum drink cans to rebuild the
entire commercial airline fleet.

Recycling saves money, materials, and energy

Recycling is usually a better alternative to either dumping or
burning wastes. It saves money, energy, raw materials, and landill
space, while also reducing pollution. Recycling also encourages
individual awareness and responsibility for the refuse produced.
Household sorting s the bedrock of many recycling systems
(fig. 21.12). But many cities now have recycling facilities with
mechanical sorting machines so that homeowners don't have to
separate recyclables into different categories. Everything can be
placed in a single container.

Curbside pickup of recyclables costs around $35 per ton, as
opposed 10 the $80 paid to dispose of them at an average metropoli-
tan landfill. Many recycling programs cover their own expenses with
materials sales and may even bring revenue to the community. Land-
fills continue to dominate American waste disposal but recycling
(including composting) has quadrupled since 1980 (fig. 21.13).

Another benefit of recycling s that it could cut our waste vol-
umes drastically. Philadelphia is investing in neighborhood collec-
tion centers that will recycle 600 tons a day, enough to eliminate
the need for a previously planned, high-priced incinerator. With
its Fresh Kills landfill now closed, New York exports s daily
11,000 tons of waste by truck, train, and barge, to New Jersey,
Pennsylvania, Virginia, South Carolina, and Ohio. New York has
set ambitious recycling goals of 50 percent waste reduction, but
still the city recycles less than 30 percent of its household and
office waste. In contrast, Minneapolis and Seattle recycle nearly

Plastic bags  Organic wastes for compost Paper

Glass  Metals

FIGURE 21.12 Source separation in the kitchen—the frst
step in a strong recycing program. One benefit of recycling is that
it reminds us of our responsivity for waste management.
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(a) Coral reefs

(o) Mangroves

(c) Estuary and salt marsh

(d) Tide pool

FIGURE 5.17 Coastal environments support incredivle diversity and help stabilize shorelines. Coral reefs (a), mangroves (b),
and estuaries (c) also provide critical nurseries for marine ecosystems. Tide pools (d) also shefter highly specialized organisms.

depressions in a rocky shoreline that are flooded at high tide but
retain some water at low tide. These areas remain rocky where wave
action prevents most plant growth or sediment (mud) accumulation.
Extreme conditions, with frigid flooding at high tide and hot, desic-
cating sunshine at low tide, make life impossible for most species.
But the specialized animals and plants that do occur in this rocky
intertidal zone are astonishingly diverse and beautiful (fg. 5.17d).
Barrier islands are low, narrow, sandy islands that form par-
allel to a coastline (fig. 5.18). They occur where the continental
shelf s shallow and rivers or coastal currents provide a steady
source of sediments. They protect brackish (moderately salty),
inshore lagoons and salt marshes from storms, waves, and tides.
One of the world’s most extensive sefs of barrier islands lines the
Atlantic coast from New England to Florida, as well as along the
Gulf coast of Texas. Composed of sand that s constantly reshaped
by wind and waves, these islands can be formed or removed by
a single violent storm. Because they are mostly beach, barrier
islands are also popular places for real estate development. About

20 percent of the barrier island surface in the United States has
been developed. Barier islands are also critical to preserving
coastal shorelines, settlements, estuaries, and wetlands.

Unfortunately, human occupation often destroys the value
that attracts us there in the first place. Barrier islands and beaches
are dynamic environments, and sand is hard to keep in place. Wind
and wave erosion is a constant threat to beach developments.
‘Walking or driving vehicles over dune grass destroys the stabiliz-
ing vegetative cover and accelerates, or triggers, erosion. Cutting
roads through the dunes further destabilizes these islands, mak-
ing them increasingly vulnerable to storm damage. When Hurri-
cane Katrina hit the U.S. Gulf coast in 2005, it caused at least
$200 billion in property damage and displaced 4 million people.
Thousands of homes were destroyed (fig. 5.19), particularly on
Tow-lying barrier islands.

Because of these problems, we spend billions of dollars each
year building protective walls and barriers, pumping sand onto
beaches from offshore, and moving sand from one beach area
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FIGURE 5.18 A barrier island, Assateague, along the
Mearyland-Virginia coast. Grasses cover and protect dunes, which
keep ocean waves from disturbing the bay, salt marshes,
and coast at right. Roads cut through the dunes expose
them to erosion.

FIGURE 5.19 Winter storms have eroded the beach and
undermined the foundations of homes on this barrier sland.
Breaking through protective dunes to build such houses dam-
ages sensitive plant communities and exposes the whole isiand to
storms and erosion. Coastal zone management attempts to lmit
development on fragle sites.

o another. Much of this expense is borne by the public. Some
planners question whether we should allow rebuilding on barrier
islands, especially after they've been destroyed multiple times.

5.3 FRESHWATER ECOSYSTEMS

Freshwater environments are far less extensive than marine
environments, but they are centers of biodiversity. Most terres-
trial communities rely, to some extent, on freshwater environ-
ments. In deserts, isolated pools, streams, and even underground
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water systems, support astonishing biodiversity as well as pro-
vide water to land animals. In Arizona, for example, most birds
gather in trees and bushes surrounding the few available rivers
and streams.

Lakes have open water

Freshwater lakes, like marine environments, have distinct vertical
zones (fig. 5.20). Near the surface a subcommunity of plankton,
mainly microscopic plants, animals, and protists (single-celled
organisms such as amocbae), float freely in the water column.
Insects such as water striders and mosquitoes also live at the air-
water interface. Fish move through the water column, sometimes
near the surface, and sometimes at depth.

Finally, the bottom, or benthos, is occupied by a variety of
snails, burrowing worms, fish, and other organisms. These make
up the benthic community. Oxygen levels are lowest in the ben-
thic environment, mainly because there is little mixing to intro-
duce oxygen to this zone. Anacrobic bacteria (not using oxygen)
may live in low-oxygen sediments. In the littoral zone, emergent
plants such as cattails and rushes grow in the bottom sediment
‘These plants create important functional links between layers of
an aquatic ecosystem, and they may provide the greatest primary
productivity to the system.

akes, unless they are shallow, have a warmer upper layer that
is mixed by wind and warmed by the sun. This layer is the epilini-
nion. Below the epilimnion is the hypolimnion (iypo = below), a
colder, deeper layer that is not mixed. If you have gone swimming
in a moderately deep lake, you may have discovered the sharp
temperature boundary, known as the thermocline, between these
layers. Below this boundary, the water is much colder. This bound-
ary is also called the mesolimnion.

Local conditions that affect the characteristics of an aquatic
community include (1) nutrient availability (or excess) such as
nitrates and phosphates; (2) suspended matter, such s silt, that

[} Litoral zone | Open water
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FIGURE 5.20 The layers of a deep lake are determined
mainly by gradients of light, oxygen, and temperature. The epi-
limnion is affected by surface mixing from wind and thermal
convections, while mixing between the hypolimnion and epiim-
nion s inhibited by a sharp temperature and density difierence
at the thermacline.
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Types of Incinerators

Municipal incinerators are specially designed burning plants
capable of burning thousands of tons of waste per day. In
some plants, refuse is sorted as it comes in to remove unburn-
able or recyclable materials before combustion. This is called
refuse-derived fuel because the enriched burnable fraction has
a higher energy content than the raw trash. Another approach,
called mass burn, is to dump everything smaller than sofas and
refrigerators into a giant furnace and burn as much as possible
(fig. 21.9). This technique avoids the expensive and unpleasant
job of sorting through the garbage for nonburnable materials,
but it often causes greater problems with air pollution and corro-
sion of burner grates and chimneys.

In cither case, residual ash and unburnable residues represent-
ing 10 t0 20 percent of the original volume are usually taken to
a landfill for disposal. Because the volume of bumed garbage is
reduced by 80 to 90 percent, disposal is a smaller task. However,
the residual ash usually contains a variety of toxic components
that make it an environmental hazard if not disposed of properly.
Tronically, one worry about incinerators is whether enough gar-
bage will be available to feed them. Some communities in which
recycling has been really successful have had to buy garbage from
neighbors to meet contractual obligations to waste-to-energy faci
In other places, fears that this might happen have discour-
aged recycling efforts

Incinerator Cost and Safety
The cost-effectiveness of garbage incinerators is the subject
of heated debates. Initial construction costs are high—usually
between $100 million and $300 million for a typical municipal
facility. Tipping fees at an incinerator, the fee charged to haulers
for each ton of garbage dumped. are often much higher than those
at a landfill. As landfill space near metropolitan areas becomes
more scarce and more expensive, however, landill rates are cer-
tain t0 rise. It may pay in the long run to incinerate refuse so that
the lifetime of existing landfills will be extended.

Environmental safety of incinerators is another point of
concen. The EPA has found alarmingly high levels of dioxins,
furans, lead, and cadmium in incinerator ash. These toxic

bottom ash. Dioxin levels can be as high as 780 parts per bil-
lion. One part per billion of TCDD, the most toxic dioxin, is
considered a health concern. All of the incinerators studied
exceeded cadmium standards, and 80 percent exceeded lead
standards. Proponents of incineration argue that if they are
run properly and equipped with appropriate pollution-control
devices, incinerators are safe to the general public. Oppo-
nents counter that neither public officials nor pollution-control
equipment can be trusted to keep the air clean. They argue that
recycling and source reduction efforts are better ways to deal
with waste problems
e EPA, which generally supports incineration, acknowl-
edges the health threat of incinerator emissions but holds that the
danger is very slight. The EPA estimates that dioxin emissions
from a typical municipal incinerator may cause one death per mil-
lion peaple in 70 years of operation. Critics of incineration claim
that a more accurate estimate is 250 deaths per million in 70 years.
One way 1o reduce these dangerous emissions is to remove
batteries containing heavy metals and plastics containing chlo-
rine before wastes are bumed. Bremen, West Germany, is one
of several European cities now trying to control dioxin emis-
sions by keeping all plastics out of incinerator waste. Bremen
is requiring households to separate plastics from other garbage.
This is expected to eliminate nearly all dioxins and other com-
bustion by-products and prevent the expense of installing costly
pollution-control equipment that otherwise would be necessary
0 keep the burners operating. Several cities have initiated a recy-
cling program for the small “button” batieries used in hearing
aids, watches, and caleulators in an attempt to lower mercury
emissions from its incinerator.

21.3 SHRINKING THE WASTE STREAM

Having less waste to discard is obviously better than struggling
with disposal methods, all of which have disadvantages and draw-
backs. In this section we will explore some of our options for recy-
cling, reuse, and reduction of the wastes we produce.

Recycling captures resources

materials were more concentrated in the fly Cleaning system from garbage

ash (lighter, airbome  particles

capable of penetrating decp  Combustion
into the lungs) than
i heavy

Electrostatic
precipitator

Feeding

Ash storage area

The term recycling has two meanings in
common usage. Sometimes we say we are
recycling when we really are reusing some-
thing, such as refillable beverage containers.
In terms of solid waste management, how-
ever, recycling s the reprocessing of
discarded materials into new, useful products
(fig. 21.10). Some recycling processes reuse
materials for the same purposes; for instance,
old aluminum cans and glass bottles are
usually melted and recast into new cans and
bottles. Other recycling processes tum old

Bag
house

FIGURE 21.9 A diagram of a municipal “mass bumn’ garbage incinerator. Steam materials into_entirely new products. OId
produced in the boiler can be used to generate electriciy or to heat nearby buiidings. tres, for instance, are shredded and tumed
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FIGURE 21.7 A plastic liner being installed in a sanitary land-
fill This liner and a bentonite clay layer below it prevent leakage to
groundwater. Trash is also compacted and covered with earth il
every day,

Landfil space near population centers is becoming scarce
and expensive. Just 25 years ago the United States had 8,000 land-

fills: today we have fewer than 2,000. Fresh Kills L;mdfll

on Staten Island, New York, was the world's largest uni
closed in 2001. New York now sends its garbage to Pelmsylvama
and Ohio. Many other cities are running out of local landfill space
and must export trash, at enormous expense, to neighboring states.
More than half the solid waste from New Jersey goes out of state,
some of it up to 800 km (500 mi) away.

More careful attention is now paid to the siting of new land-
fils. Sites located on highly permeable or faulted rock formations
are passed over in favor of sites with less leaky geologic foun-
dations. Landfils are being built away from rivers, lakes, flood-
plains, and aquifer recharge zones rather than near them, as was
often done in the past. More care is being given to a landfill’s
long-term effects so that costly cleanups and rehabilitation can
be avoided.

Historically, landfills have been a convenient and relatively
inexpensive waste-disposal option in most places, but this situation
is changing rapidly. Rising land prices and shipping costs, as well
as increasingly demanding landfll construction and maintenance
requirements, are making this a more expensive disposal method.
“The cost of disposing a ton of solid waste in Philadelphia went
from $20 in 1980 to more than $100 in 2010. Union County, New
York, experienced an even steeper price rise. In 1987, it paid $70 0
get rid of a ton of waste; a year later, that same ton cost $420, or
about $10 for a typical garbage bag. In the past decades, costs have
continued to rise steadily, though not as sharply. The United States
now spends over $10 billion per year to dispose of trash.

Suitable places for waste disposal are becoming scarce in
many areas. Other uses compete for open space. Communities
have become more concerned and vocal about health hazards, as
well as aesthetics. It is difficult to find a neighborhood willing to
accept a new landfil. Since 1984, when stricter financial and enyi-
ronmental protection requirements for landlls took effect, thou-
sands of landills have closed.
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A positive trend in landfill management is methane recovery.
Methane, or natural gas, is a natural product of decomposing gar-
bage deep in a landfill. Methane is also a potent greenhouse gas.
Normally methane seeps up to the landfill surface and escapes.
AU300 US. landfils, the methane is being collected and burned.
Cumlatively, these landills could provide enough electricity for
acity of a million people. Three times as many landfills could be
recovering methane. Tax incentives could be developed to encour-
age this kind of resource recovery.

Incineration produces energy
but causes pollution

Landfilling is still the disposal method for the majority of munici-
pal waste in the United States (fig. 21 8). Faced with growing piles
of garbage and a lack of available landills at any price, however,
public officials are investigating other disposal methods. The
method to which they frequently turn is burning. Another term
‘commonly used for this technology is energy recovery, or wasle-
to-energy, because the heat derived from incinerated refuse is a
useful resource. Burning garbage can produce steam used directly
for heating buildings or generating elecricity. Internationally,
well over 1,000 waste-to-energy plants in Brazil, Japan, and west-
em Europe generate much-needed energy while also reducing the
amount that needs to be landfilled. In the United States, more than
110 waste incinerators burn 45,000 tons of garbage daily. Some
of these are simple incinerators; others produce steam and/or
electricity.

United States
Japan,
Denmark
Germany,

Haly

United Kingdom

0% 20%  40%  60%  80%  100%

[ e [l Ereroy rocovery

[ mcneration without energy recovery [ Recyoing, compost

FIGURE 21.8 Disposal methods for municipal solid waste in
several developed countries,
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Sun's nergy: heat and ight

FIGURE 5.21 The character of reshwater ecosystems is
greatly influenced by the immediately surrounding terrestrial eco-
systems, and even by ecosystems far upstream or far uphill from
apartioular site,

affects light penetration; (3) depth; (4) temperature; (5) currents;
(6) bottom characteristics, such as muddy. sandy. or rocky floor;
(7) internal currents; and (8) connections to, or isolation from,
other aquatic and terrestrial systems (fig. 5.21).

Wetlands are shallow and productive

Wetlands are shallow ecosystems in which the land surface is
saturated or submerged at least part of the year. Wetlands have
vegetation that is adapted to grow under saturated conditions.
‘These legal definitions are important because although wetlands
make up only a small part of most countries, they are dispropor-
tionately important in conservation debates and are the focus of

(a) Swamp, or wooded wetland (b) Marsh

continual legal disputes around the world and in North America.
Beyond these basic descriptions, defining wetlands s a matter of
ot debate. How often must a wetland be saturated, and for how
Tong? How large must it be to deserve legal protection? Answers
can vary, depending on political as well as ecological, concerns.

‘These relatively small systems support rich biodiversity, and
they are essential for both breeding and migrating birds. Although
wetlands occupy less than 5 percent of the land in the United States,
the Fish and Wildlife Service estimates that one-third of all endan-
‘gered species spend at least part of ther lives in wetlands. Wetlands
retain storm water and reduce flooding by slowing the rate at which
rainfall reaches iver systems. Floodwater storage is worth $3 bil-
Tion to $4 billion per year in the United States. As water stands in
wetlands, it also seeps into the ground, replenishing groundwater
supplies. Wetlands filter, and even purify, urban and farm runoff,
as bacteria and plants take up nutrients and contaminants in water.
‘They are also in great demand for filling and development. They
are often near cities or farms, where land is valuable, and once
drained, wetlands are easily converted to more lucrative uses.

Wetlands are described by their vegetation. Swamps are
wetlands with trees (fig. 5.224). Marshes are wetlands with-
out trees (fig. 5.22b). Bogs are areas of saurated ground, and
usually the ground is composed of deep layers of accumulated,
undecayed vegetation known as peat. Fens are similar to bogs
except that they are mainly fed by groundwater, so that they have.
mineral-rich water and specially adapted plant species. Bogs
are fed mainly by precipitation. Swamps and marshes have high
biological productivity. Bogs and fens, which are often nutrient-
poor, have low biological productivity. They may have unusual
and interesting species, though, such as sundews and pitcher
plants, which are adapted to capture nutrients from insects rather
than from soil

“The water in marshes and swamps usually s shallow enough to
allow full penetration of sunlight and seasonal warming (fg. 5.22c).
“These mild conditions favor great photosynthetic activity, resulting
in high productivity at all trophic levels. In short, life is abundant
and varied. Wetlands are major breeding, nesting, and migration
staging areas for waterfow! and shorebirds,

(c) Coastal saltmarsn

FIGURE 5.22 Wetlands provide ireplaceable ecological services, including water filration, water storage and flood reduction, and
habitat. Forested wetlands (a) are often called swamps; marshes (b] have no trees; coastal saltmarshes (c) are tidal and have rich diversity.
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FIGURE 5.23 Domesticated land has replaced much of the earth's original land cover.
‘Source: Unted Natans Enviorment Program, Gobal Envicrment Ouock

Wetlands may gradually convert to terrestrial communities as
they fill with sediment, and as vegetation gradually fills in toward
the center. Often this process is accelerated by increased sediment
Toads from urban development, farms, and roads. Wetland losses
are one of the areas of greatest concern among biologiss.

5.4 HuMAN DISTURBANCE

Humans have become dominant organisms over most of the earth,
damaging or disturbing more than half of the world's terrestrial
ecosystems to some extent. By some estimates, humans preempt
about 40 percent of the net terrestrial primary productivity of the
biosphere cither by consuming it directly, by interfering with its
production or use, or by altering the species composition or physi-
cal processes of human-dominated ecosystems. Comversion of
natural habitat to human uses is the largest single cause of biodi-
versity losses.

Researchers from the environmental group Conservation
Intenational have attempted to map the extent of human distur-
bance of the natural world (fig. 5.23). The greatest impacts have
been in Europe, parts of Asia, North and Central America, and
islands such as Madagasear, New Zealand, Java, Sumatra, and
those in the Caribbean. Data from this study are shown in table 5.1

“Temperate broadleaf forests are the most completely human-
dominated of any major biome. The climate and soils that sup-
port such forests are especially congenial for human occupation.

n2 CHAPTER 5 Biomes

In eastern North America or most of Europe, for example, only
remnants of the original forest still persist. Regions with
Mediterranean climate generally are highly desired for human
habitation. Because these landscapes also have high levels of

Table 5.1 Human Disturbance

Biome % Human Dominated
Temperate broadleaf forests 819
Chaparral 678
Temperate grasslands 04
Temperate rainforests 461
Tropical dry forests 59
Mixed mountain systems 6
Mixed sland systems a8
Cold deserts/semideserts 85
Warm deserts/semideserts 122
Moist tropical forests %9
Tropical grasslands 41
Temperate coniferous forests 1.8
Tundra and arctic desert 03

Whereundisturbd snd human-doninated sreas do not add up o 100 percnt,the
difrence represents pariallydisturbed ands

Hannah, Le, et aL. "Human Distrbance and Naturl Haita: A Biome Level
nlysis o a Global Dta St in Bodhvrsty and Conenaton, 1995, Vo, 4:128-55
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many as there are residents), and most will be discarded in the
next few years. Only about 10 percent of the components are cur-
rently recycled. These computers contain at least 2.5 billion kg
of lead (as well as mercury, gallium, germanium, nickel, palla-
dium, beryllium, selenium, arsenic), and valuable metals, such as
‘gold, silver, copper, and steel.

“Toxic waste exportation is a chronic problem even though it is
banned in most countries. In 2006, for example, 400 tons of toxic
waste were illegally dumped at 14 open dumps in Abidjan, the
capital of the Ivory Coast. The black sludge—petroleum wastes
containing hydrogen sulfide and volatile hydrocarbons—killed ten
people and injured many others. At least 100.000 city residents
sought medical treatment for vomiting, stom:
breathing difficultis, nosebleeds, and headaches. The sludge—
which had been refused entry at European ports—was transported
by an Amsterdam-based multinational company on a Panamanian-
registered ship and handed over to an Ivorian firm (thought to be
connected to corrupt government officials) to be dumped in the
Ivory Coast. The Dutch company agreed to clean up the waste and
pay the equivalent of (U.S.) $198 million to setle clais

ch pains, nausea,

Most of the world's obsolete ships are now dismantled and recy-
cled in poor countries. The work is dangerous, and old ships.
Q often are full of toxic and hazardous materials, such as oil, die-
sel fuel, asbestos, and heavy metals. On India’s Anlang Beach, for
example, more than 40,000 workers tear apart outdated vessels using
crowbars, cutting torches, and even their bare hands. Metal s dragged

away and sold for recycling. Organic waste is often simply bumed
on the beach, where ashes and oily residue wash back into the water.

Landfills receive most of our waste

Over the past 50 years most American and European cities have
recognized the health and environmental hazards of open dumps.
Instead we have sanitary landfills, where solid waste is contained
more effectively. To decrease smells and litter and to discourage
insect and rodent populations, landfill operators are required to
compact the refuse and cover it every day with a layer of dirt. This
method helps control pollution, but the dirt fill also takes up as
much as 20 percent of landfill space. Since 1994, all operating
landills in the United States have been required to control such
hazardous substances as oil, chemical compounds, toxic metals,
and contaminated rainwater that seeps through piles of waste. An
impermeable clay and/or plastic lining underlies and encloses
the storage area (fig. 21.7). Drainage systems are installed in and
around the liner o catch drainage and to help monitor chemi-
cals that may be leaking. Modern municipal solid-waste landills
now have many of the safeguards of hazardous waste repositories
described later in this chapter.

Think About It

Ocean dumping of both soid waste and hazardous waste is
chronic problem. Suppose you were a captain or a salor on an
ocean-going ship. What factors might influence your decision to
dump waste ol, garbage, or accasiona liter overboard?
(Money? Time? Legal considerations about your cargo or
waste?) Whose responsiilty is ocean dumping? What steps
could the international communiy take to reduce it?

—— Developed countries
—— Developing countries

400

300

Production of obsolete computers (m

fog0 1995 2000 2005 2010 2015 2020 2025 2030
Year

FIGURE 21.6 A Chinese woman smashes a computer moni-
tor to remove valuable metals, releasing a host of health risks (a).
Increasingly, this industry willserve e-waste producers in
developing areas (o).
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“Typhoon “Kai Tak” caused part of the mountain to collapse, burying
atleast 215 people. The govemment would like to close these dumps,
but finding another disposal method has been a challenge.

Most developed countries forbid open dumping, at least in
metropolitan areas, but llegal dumping is till a problem. You have
undoubedly seen trash accumulating along roadsides and in vacant,
weedy lots in the poorer sections of cities. As noted in the opening
case study, this s not just a question of aesthetics. Plastic and other
waste products are long-lasting and sometimes dangerous. Dis-
carded oil and solvents, from cars, paints, and houschold cheicals
are also toxic. An estimated 200 million liers of waste motor oil are
poured into the sewers or allowed to soak into the ground every year
in the United States. This s about ive times as much as was spilled
by the Eveon Valdez in Alaska in 1989! No one knows the volume of
solvents and other chemicals disposed of by similar methods.

Ocean dumping is nearly uncontrollable

We have long treated the oceans as a universal dumping ground.
An estimated 20 million tons of plastic debris ends up in the ocean
each year. This includes some 25,000 metric tons (55 million Ibs)
of packaging, including half a million bottles, cans, and plas-
tic containers, which are dumped at sea. Beaches, even in remote
regions, are litered with the nondegradable flotsam and jetsam of
industrial society (fig. 21.5). About 150,000 tons (330 million Ibs)
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FIGURE 21.5 Plastic trash dumped on land and at sea ends
Up on remote beaches (a) and kills unknown numbers of marine
organisms (o). This sea turtle is tangled in abandoned fishing nets.

of fishing gear—including more than 1,000 km (660 mi) of
nets—are lost o discarded at sea each year (fig. 21.5b). Wildlife
advocates estimate that 50.000 northern fur seals are entangled
inthis refuse and drown or starve to death every year in the North
Pacific alone.

We often export waste to countries
ill-equipped to handle it

‘The United States disposes of about 47 million computers and
1 million cell phones every year, each containing a complex mix
of often-toxic metals and plastcs. Since 1989 it has been illegal to
export this electronic waste, or e-waste, to developing countries,
but we continue to do so. About 80 percent of our e-waste is shipped
overseas, mostly to China and other developing counties in Asia
and Africa. There, villagers, including young children, break it apart
1o retrieve valuable metals. Often, this serap recovery is done under
ive conditions where workers have little or no protective gear
21.64) and residue goes into open dumps. Health risks in this
work are severe, especially for growing children. Soil, groundwater,
and surface water contamination at these sites has been found to be
as much as 200 times the World Health Organization’s standards.
An estimated 100,000 workers handle e-waste in China alone. With
increasing regulation in China, however, the trade is shifting to
India, Ghana, and other impoverished arcas.

E-waste generation i increasing, and soon developing coun-
themselves will be the leading producers of these toxic
materials (fig. 21.6b). Outdated electronic devices are one of the
greatest sources of toxic material currently going to developing
countries. There are at least 2 bllion television sets and personal
computers in use globally. Televisions often are discarded after
only about five years, while computers, play-stations, cell phones,
and other electronics become obsolete even faster. As many as
600 million computers are in use in the United States (twice as
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Percentof Tolal Sate Acreage in Wetlands
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biodiversity, conflicts between human preferences and biological
values frequently occur.

‘Temperate grasslands, temperate rainforests, tropical dry for-
ests, and many islands also have been highly disturbed by human
activities. If you have traveled through the American combelt
states such as Towa or Illinois, you have seen how thoroughly
former prairies have been converted to farmlands. Intensive cul-
tivation of this land exposes the soil to erosion and fertility losses
(chapter 9). Islands, because of their isolation, often have high
numbers of endemic species. Many islands, such as Madagasear,
Hait, and Java have lost more than 99 percent of their original
land cover.

‘Tundra and arctic eserts are the least disturbed biomes in the
world. Harsh climates and unproductive soils make these areas
unattractive places to live for most people. Temperate conifer for-
ests also generally are lightly populated and large areas remain
in a relatively natural state. However, recent expansion of forest
harvesting in Canada and Siberia may threaten the integrity of this
biome. Large expanses of tropical moist forests still remain in the
Amazon and Congo basins but in other areas of the tropics such as
West Affica, Madagasear, Southeast Asia, and the Indo-Malaysian
peninsula and archipelago, these forests are disappearing at a rapid
rate (chapter 12).

FIGURE 5.24 Over the
past two centuries, more
than half of the original
wetlands in the lower

48 states have been drained,
filed, poluted, or otherwise
degraded. Some of the
greatest losses have been in
midwestern farming states
where up to 99 percent of all

As mentioned earlier, wetlands have suffered severe losses
in many parts of the world. About half of all original wetlands
in the United States have been drained, filled, polluted, or oth-
erwise degraded over the past 250 years. In the prairie states,
small potholes and seasonally flooded marshes have been drained
and converted to croplands on a wide scale. Towa, for example,
is estimated to have lost 99 percent of its presettlement wetlands
(fig. 5.24). Similarly, California has lost 90 percent of the exten-
sive marshes and deltas that once siretched across its central
valley. Wooded swamps and floodplain forests in the southern
United States have been widely disrupted by logging and conver-
sion to farmland.

Similar wetland disturbances have occurred in other coun-
tries as well. In New Zealand, over 90 percent of natural wetlands
have been destroyed since European settlement. In Portugal, some
70 percent of freshwater wetlands and 60 percent of estuarine
habitats have been converted to agriculture and industrial areas.
In Indonesia, almost all the mangrove swamps that once lined the
coasts of Java have been destroyed, while in the Philippines and
Thailand, more than two-thirds of coastal mangroves have been
cut down for firewood or conversion to shrimp and fish ponds.

Slowing this destruction, or even reversing it is a challenge
that we will discuss in chapter 13

CONCLUSION

“The potential location of biological communities is determined
in large part by climate, moisture availability, soil type, geomor-
phology, and other natural features. Understanding the global
distribution of biomes, and knowing the differences in who lives
where and why, are essential to the study of global environmen-
tal science. Human occupation and use of natural resources is
strongly dependent on the biomes found in particular locations.
We tend to prefer mild climates and the highly productive bio-
Togical communities found in temperate zones. These biomes also
suffer the highest rates of degradation and overuse.

Being aware of the unique conditions and the characteristics
evolved by plants and animals to live in those circumstances can
help you appreciate how and why certain species live in particu-
lar biomes, such as seasonal tropical forests, alpine tundra, or
chaparral shrublands.

ceans cover over 70 percent of the earth’s surface, yet we
know relatively litle about them. Some marine biomes, such as
coral reefs, can be as biologically diverse and productive as any
terrestral biome. People have depended on rich, complex coastal
ecosystems for cons, but in recent times rapidly growing human
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populations, coupled with more powerful ways to harvest resources,
ave led ige—and, in some cases, ble d

of these treasures. Sill, there is reason to hope that we’ll ind ways

1o protect these living communities. The opening case study of this

chapter illustrates how, without expensive technology, people can
work to protect and even restore the biological communities on
which they depend. This gives s optimism that we'll find similar
solutions in other biologically rich but endangered biomes

REVIEWING LEARNING OUTCOMES

By now you should be able to explain the following points:

5.1 Recognize the characteristics of some major terrestrial biomes
as well as the factors that determine their distribution.
« Tropical moist forests have rain year-round.
+ Tropical seasonal forests have yearly dry seasons.
+ Tropical savannas, grasslands support few trees.
+ Deserts are hot or cold, but all are dry.
« Temperate grasslands have rich soils.

Temperate shrublands have summer drought,
Temperate forests can be evergreen or deciduous,

Boreal forests occur at high latitudes.

Tundra can freeze in any month.

5.2 Understand how and why marine environments vary with
lepth and distance from shore.
+ Open

ean communities vary from surface to hadal zones.
+ Coastal zones support rich, diverse communites

5.3 Compare the characteristics and biological importance of
major freshwater ecosystems.
+ Lakes have open water
* Wetlands are shallow and productive.

5.4 Summarize the overall patierns of human disturbance of
world biomes,

+ Biomes that humans find comfortable and profitable have high
rates of disturbance, while those that are less attractive o have
limited resources have large pristine areas.

PRACTICE QUIZ

1. Throughout the central portion of North America is a large
biome once dominated by grasses. Describe how physical
conditions and other factors control this biome.

2. What is taiga and where is it found? Why might logging in
taiga be more disruptive than in southern coniferous forests?

3. Why are tropical moist forests often less suited for agricul-
ture and human oceupation than tropical deciduous forests?

4. Find out the annual temperature and precipitation conditions
where you live (fig. 5.2). Which biome type do you occupy?

Deseribe four different kinds of wetlands and explain why they
are important sites of biodiversity and biological producivity.

Forests differ according to both temperature and precipitation.
Name and describe a biome that occurs in (2) hot, (b) cold.
(¢) wet, and (d) dry climates (one biome for cach climate),

How do physical conditions change with depth in marine
environments’

Describe four different coastal ecosystems.

CRITICALTHINKING AND DISCUSSION QUESTIONS

What physical and biological factors are most important in
shaping your biological community? How do the present
characteristics of your area differ from those 100 or
1,000 years ago?

Forest biomes frequently undergo disturbances such as fire
or flooding. As more of us build homes in these areas, what
factors should we consider in deciding how to protect people
from natural disturbances?

Often humans work to preserve biomes that are visually atrac-
tive. What biomes might be lost this way? Is this a problem?

Disney World in Florida wans to expand onto a wetland. It
has offered to buy and preserve a large nature preserve in a
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different area to make up for the wetland it i destroying. Is
that reasonable? What conditions would make it reasonable
or unreasonable?

Suppose further that the wetland being destroyed in question 4
and its replacement area both contain several endangered
species (but different ones). How would you compare differ-
ent species against cach other? How many plant or insect
species would one animal species be worth?

Historically, barrier islands have been hard to protect because
links between them and inshore ccosystems are poorly rec-
ognized. What kinds of information would help a community
distant from the coast commit to preserving a barrier island?
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FIGURE 21.3 Composition of municipal solid waste in the
United States by weight, before recycling, and disposal methods.
‘Source: Data fom U.S. Envronmental Prtecton Agency. Ofice of Soid Weste
Maragerent, 2010.

magazines, catalogs, and office refuse make paper one of our major
wastes (fig. 21.3). In spie of recent progress in recycling, many of
the 200 billion metal, glass, and plastic food and beverage contain-
ers used every year n the United States end up in the trash. Wood,
conerete, bricks, and glass come from construction and demolition
sites, dust and rubble from landscaping and road building. All of
this varied and voluminous waste has to arrive at a final resting
place somewhere.

“The waste stream is a term that describes the steady flow of
varied wastes that we all produce, from domestic garbage and yard
wastes to industrial, commercial, and construction refuse. Many
of the materials in our waste stream would be valuable resources
if they were not mixed with other garbage. Unfortunately, our col-
lecting and dumping processes mix and crush everything together,
making separation an expensive and sometimes impossible task.
Ina dump or incinerator, much of the value of recyclable materials
is lost.

Another problem with refuse mixing is that hazardous materi-
als in the waste stream get dispersed through thousands of tons of
miscellancous garbage. This mixing makes the disposal or burning
of what might have been rather innocuous stuff a difficult, expen-
sive, and risky business. Spray paint cans, pesticides, batteri
(zine, lead, or mercury), cleaning solvents, smoke detectors con-
taining radioactive material, and plastics that produce dioxins and
PCBs when bumed are mixed willy-nilly with paper, table scraps,
and other nontoxic materials. The best thing to do with houschold
toxic and hazardous materials is to separate them for safe disposal
or recycling, as we will see lter in this chapter.

Think About It

Figure 21.2 shows a continting increase in waste production per
capita, What i the percentage increase per capita from 1960 to
20057 (Hint: calculate (4.5 ~ 2.7) + 2.7) What might account
for this increase? Is there a reationship between waste produc-
tion and our qualty of fe?

21.2 WASTE DISPOSAL METHODS

‘Where are our wastes going now? In this section, we will examine
some historic methods of waste disposal as well as some future
options. We'll begin with the least desirable but most common
methods, then proceed to some preferable options. Keep in mind
as you read this that modern waste management reverses this order
and stresses the “three Rs” of reduction, reuse, and recycling
before destruction or, finally, secure storage of wastes,

Open dumps release hazardous
materials into air and water

For many people, the way to dispose of waste i to simply drop it
someplace. Open, unregulated dumps are still the dominant method
of waste disposal in most developing countries (fig. 21.4). The giant
developing-world megacities have enormous garbage. problems
Mexico City, one of the largest ciies in the world, generates some
10,000 tons of trash each day. Until recently, most of this torrent of
waste was left in giant piles, exposed to the wind and rain, as well
as rats, fles, and other vermin. Manla, in the Philippines, generates
a similar amount of waste, half of which goes to a giant, constantly
smoldering dump called “Smoky Mountain.” Over 20,000 people
live and work on this mountain of refuse, scavenging for recyclable
items or edible food seraps. In July 2000, torrential ains spawned by

FIGURE 21.4 Trash disposal has become a crisis in the
developing world, where people have adopted cheap plastic
‘goods and packaging but lack good recycling or disposal options.
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Case Study continuea

your own plastic bottles, caps, and packaging from escaping into
waterways. You can also try o reduce the amount of disposable con-
tainers, bottles, and packaging you buy. Containing and minimizing
Toose garbage is one of the best ways to reduce marine debris.

‘The remote atolls of northwestern Hawaii show us that no
place is too remote to be affected by our waste production and
disposal. The materials we buy and the ways we manage our gar-
bage can have dramatic impacts on living systems at home and far
away. At the same time, responses to the problem have shown that

21.1 SoLip WASTE

Waste is everyone's business. We all produce wastes in nearly
everything we do. According to the Environmental Protection
Agency, the United States produces 11 billion tons of solid waste
each year. About half of that amount consists of agricultural waste,
such as crop residues and animal manure, which are generally
recycled into the soil on the farms where they are produced. They
represent a valuable resource as ground cover to reduce erosion
and fertlizer to nourish new crops, but they also constitute the
single largest source of nonpoint air and water pollution in the
country. More than one-third of all solid wastes are mine tailings,
overburden from strip mines, smelter slag, and other residues pro-
duced by mining and primary metal processing. Road and build-
ing construction debris is another major component of solid waste.
Much of this material is stored in or near its source of produc-
tion and isn’t mixed with other kinds of wastes. Improper disposal
practices, however, can result in serious and widespread pollution.

Industrial waste—other than mining and mineral production—
amounts to some 400 million metric tons per year in the United
States. Mostof this material is recycled, converted to other forms,
destroyed, or disposed of in private landfills or deep injection
wells. About 60 million metric tons of industrial waste falls in a
special category of hazardous and toxic waste, which we will dis-
cuss later in this chapter.

Municipal waste—a combination of household and commer-
cial refuse—amounts to more than 200 million metric tons per
year in the United States (fig. 21.2). That's approximately two-
thirds of a ton for each man, woman, and child every year—twice
as much per capita as Europe or Japan, and five 10 ten times as
much as most developing countrics.

The waste stream is everything we throw away

Think for a moment about how much we discard every year. There
are organic materials, such as yard and garden wastes, food wastes,
and sewage sludge from treatment plants; junked cars: wom
out furniture; and consumer products of all types. Newspapers,
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people everywhere have an interest in taking care of the land and
oceans, and in keeping them beautiful. Often the obstacles, and the
volumes of waste, seem insurmountable. But clean-up efforts in
Hawai shows that progress can be real if we keepatit. In this chap-
ter we'll examine the waste we produce, our methods to dispose of
it, and strategies to reduce, reuse, and recycle it

For related resources, including Google Earth™ placemarks
that show locations discussed in this chapter, vsit
Science-Cunningham.blogspot.com.
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FIGURE 21.2 Bad news and good news in sold waste
production. Per capita waste has risen steadily to more than

2 kg per person per day. Recycling rates are also rising, however.
Recycling data include composting
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As youve learned in this chapter, temperature and precipita-
tion are critcal factors in determining the distribution of terres-
trial biomes. Understanding climate graphs and what they tell us
extremely helpful in making sense of these differences. In the
figure below, reproduced from figure 5.5, the graphs show annual
patterns in temperature and precipitation (rainfall and snow). They
also indicate how much of the year evaporation exceeds precipita-

na lyS'iS. Reading Climate Graphs

What are the maximum and minimum temperatures in each
of the three locations shown?

What do these temperatures correspond to in Fahrenheit?
(Hint: ook at the conversion table in the back of your
book).

Which arca has the wettest climate; which is driest?

4. How do the maximum and minimum monthly rainfalls in
tion (yellow areas), and when precipitation exceeds evaporation, " ‘
! ¢ San Diego and Belém compare?
leaving moisture available for plant growth. Examine these graphs N
to answer the following questions, 3 Describe these three climates.
‘San Diego, Philadelphia,
California, USA Pennsylvania, USA' Belém, Brazil
m o c o
164C 259mm 125¢ 1,024 mm 2%7C  2438mm
300 -300
100 100
40- 80 40- 80
2 6 2 &0
20- 40 20- 40 20+ 40
10 F20
o

Month

oo~ Temperature ( C)

-o—e- Precipitation (mm)

UNE Months above freezing

[ Evaporation exceeds
preciptation

[ Preciptation exceeds
evaporation

[

Precipitation scale
changes

Maisture availability depends on temperature as well as precpitation. The horizontal axis on these climate diagrams shows months of the year vertical axis show
temperature (eft sde) and precipitation (right). The number of dry months (shaded yellow) and wetter months (ble) varies with geographic location. Mean annual

temperature (°C) and precipitation (mm) are shown at the top of each graph.

6. What kinds of biomes would you expect to find in these
areas?

7. What would a climate graph look like where you live? Try
sketching one out, then compare it to a graph for a biome
similar 10 yours in this chaper.

8. Examine fig. 5.3, and identify what kind of biomes exist in
Kenya. What sort of tree cover is the Greenbelt movement
attempting to restore?

For i This Chapt weblto at

eating s, all of wich wil el you larm envronmental science.
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A bluefin tina, the largest and most expensive.
commerically harvested tuna, is disentangled from a net.

Learning Outcomes
Afier studying this chapter, you should be able to:

6.1
62

116

Describe the dynamics of population growth.
Summarize the BIDE factors that increase or decrease
populations.

(AT T 3 G N

ldcnufy some. s,»pummm of population dynanics in
conservation biology

CHAPTER6

Population Biology

“Nature teaches more than she
preaches.”

= John Burroughs

Case Study Plastic Seas

The Papahinaumokuikea Marine
National Monument, the larg-
est conservation area in the United
> States, was established by President
George W. Bush in 2006. With the desig-
nation of this sanctuary, the president protected a chain of islands,
atolls, and reefs extending across 140,000 mi’, northwest of the
larger inhabited islands of Hawaii. The monument protects some
of the most pristine and diverse deep coral reefs and over 7,000
marine species, including rare and endangered species such as
the Laysan albatross and the Hawaiian monk seal. The string of
isolated islets and coral atolls make up the world’s largest tropi-
cal seabird rookery, supporting 14 million nesting seabirds. The
preserve is also home to a wealth of cultural and historic heritage
sites, including ship wrecks
and World Heritage cultural
sites for native Hawaiians.
Despite its remote loca-
tion,  Papahdnaumokuikea,*
also known as the North-
westen  Hawaiian  Islands
Marine National Monument,
remains vulnerable 1o the
flotsam and jetsam of mod-
em life. The islands and reefs
lie within the vast circulating
currents known as the Pacific
gyre. These swirling cur-
rents, driven by winds and the
Coriolis effect. (chapter 15)
concentrate nutrients, organic
debris, and, in recent decades,
an ocean of plastic trash
Often called the Great Pacific
Garbage Patch, or the Pacific
Garbage Gyre, this region of  these albatross chicks.
loating plastic debrisis really
a drifting cloud of plastic particles, soda bottles and caps, dispos-
able shopping bags, packaging, discarded fishing nets, and other
debris. Much of it consists of tiny fragments floating just below
the surface, but some pieces are large and recognizable, and some
float 20-30 m deep. The greatest concentrations of plastic debris
oceur i the eastern Pacific, between California and Hawaii, and in
the western Pacific near Japan. But the trash field extends across
the ocean, with lesser aggregations near the Papahinaumokuikea
preserve. Similar garbage patches have been identified in the
Atlantic and elsewhere in the world’s oceans, but the Pacific cases
are the best studied.

*Pronounced Pa-pa-ha-nao-Mo-Kua-kea; To hear the pronunciation, visit the monu-
ment’s webste, www papahanaumokuakea.gov

FIGURE 21.1 A Laysan albatross chick, which died afer being fed plastic debris
rather than fsh. Starvation after plastic ingestion is a leading cause of death for

The Pacific garbage gyre is thought to contain more than
100 million tons of plastic. In some areas this debris outweighs
the living biomass. Fish have been found with stomachs full of
plastic fragments. Seabirds gulp down plastic fragments, then
regurgitate them for their chicks. With stomachs blocked by indi-
‘gestible bottle caps, disposable lighters, and other items, chicks
starve to death. In one study of Laysan albatrosses, 90 percent of
the carcasses of dead albatross chicks contained plastic fragments
(fig. 21.1). Seals, urtles, porpoises, and seabirds become ensnared
in ghost fishing nets and drown, or they die from ingesting indi-
‘gestible materials. Oceanographers worry that this debris i slowly
starving ocean ecosystems.

Surveys at sea and on beaches indicate that S0-80 percent
of the floating material originates onshore. The rest is discarded
or lost at sea. Stray shopping
bags, drink containers, fast-
food boxes, and other refuse
fall from dumpsters, wash
away from landfills, or are dis-
carded on the street, then wash
into storm sewers and streas.
Eventually these items travel
o the sea, where they gradu-
ally break into smaller picces
as they join the great global
masses of ocean plastic

The problem has been
extraordinarily  difficult to
address because it is wide-
spread, diffuse, abundant, and
constantly  replenished by
careless or incomplete dis-
posal of waste onshore and
at sea. But growing aware-
ness is starting to make a dif-
ference. Cleanup cruises in
Papahinaumokuzkea have col-
Tected more than 700 metric tons of discarded fishing gear that had
clogged reef:

In Papahinaumokuikea and elsewhere, marine debris has
also caught the public’s attention, and widespread beach clean-
ups are having an effect. According to the EPA, beach cleanups
involved 183,000 people across the United States, collecting
nearly 2,000 tons of debris from 9,000 miles of coastline in 2008.
Increasing awareness is also encouraging many fishing boats to
reduce disposal of plastic garbage at sea. Because all this material
fouls fishing gear, costing time and money, it is in their interest
1o bring in the garbage they produce or collect in their nets.

You can help, too: the next time you see plastic debris that’s
about to wash into a storm sewer, remember that everything ends
up eventually in the ocean. Pick it up if you can, and try to prevent
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An endangered Hawaian monk seal is disentangled
from abandoned fishing nets in the
Papahanaumokuakea Marine Ntional Monument,

Learning Outcomes

Afier studying this chapter; you should be able to:

211 Identify the components of solid waste

212 Describe how wastes have been—and are
being—disposed of or treated.

213 Identify how we might shrink the waste stream.

214 Investigate hazardous and toxic wastes.

412

Solid, Toxic,
and Hazardous Waste

“We have no knowledge, so we have
stuff; but stuff without knowledge is
never enough.”

~ Greg Brown

Case Study Fishing to Extinction?

‘The most expensive tuna ever
sold, a 342 kg (754 Ib) bluefin
tuna, was auctioned in Tokyo in
January 2011 for nearly $400,000.
This one fish, the auspicious first sale
of the new year at the Tsukiji fish mar-
ket, brought in nearly $1,160 per kg (5527 per Ib). The price was
extreme because the first fish of the year is thought to bring good
Tuck, but plummeting numbers of bluefins and rising demand for
sushi and sashimi also helped to push up the price. The world was
watching this sale because bluefin tuna has been the subject of
bitter disputes. On the one side, biologists warn that overfishing
has cut its population by 70-80 percent and is driving the blue-
fin toward extinction. On the other side, the fishing industry and
traders in Japanese sushi are unwilling to sacrifice the enormous
profits it brings. Just months before this sale, under pressure from
tna-fishing nations, Atlantic bluefin tuna were denied interna-
tional endangered species designation. Then the tuna-fishing
industry decided, despite warings of its own biologists, that
reduced catches were unnecessary to protect populations.
Population biology, the science of modeling changes in spe-
cies abundance, is key to understanding this controversy. The
bluefin tuna is a large, long-lived, wide-ranging fish. It can live
for at least 20 years, but it matures slowly for a fish—some popu-
lations take 8 years or more to reach spawning age. The number
of young in a year can be enormous, but that number depends on
the number of spawning-age fish and other factors. Biologists use
these numbers to calculate the likely rate of decline i the species”
numbers, the likely rate of recovery from reduced fishing pressure,
or the amount of fishing that the population can safely sustain. In
the bluefin’s case, spawning-age fish are declining fast, and popu-
lation models indicate that the species is heading for a crash.
Bluefin tuna are top predators, big and fast enough to eat almost
anything they encounter. They can grow to 3 m (over 12 feet) in
Tength and 650 kg (1,430 Ibs). Bluefins migrate thousands of km
around the world's oceans. Atlantic bluefins spawned in the Medi-
terranean travel across the Atlantic and to Iceland as they grow.
A smaller population spawns on the northern slope of the Gulf
of Mexico, then travels up north and mixes with the Medite
ranean population in rich foraging areas in the open ocean. Pacific
bluefins spawn from the Philippines to Japan and migrate all the
way across the Pacific and back again to breed.
‘This fish had little commercial value until the 1960, when
a market developed for bluefin sushi and sashimi. Its unusually
high fat content gives a strong taste when cooked, but its raw
flesh is considered especially flavorful. Japan has always been the
leader n theraw ish market,consuming 80 percent of the world's
bluefin tuna, but other markets have grown recent] ina, the
United States, and elsewhere.
‘The International Commission for the Conservation of Adlantic
Tunas (ICCAT) is in charge of protecting Atlantic tuna, marlin,

swordfish, and other species by setting sustainable caich limits. Ide-
ally, ICCAT uses population models to calculate a sustainable catch
rate that maintains a stable spawning-age population. But ICCAT data
show that Atlantic spawning stock has dropped to 18-27 percent of
pre- |95u level. Despite this decline allowable catch lmits remain
.g tons or so .

na per yar, but ICCAT has maintained limits 2-3 times tis high,
.womw. ICCAT member sates exceed their legal limits every year.

‘To make matters worse, unreported illegal catches by ICCAT
member states are extremely high. Fishing is a notoriously hard
industry o monitor. In the free-for-all on the high seas, where
enforcement s weak or impossible, where individual nations sub-
sidize fishing fleets, and where so much money is at stake, t's hard
10 be completely honest—especially if you don’t trust the honesty
of your competitors. ICCAT estimates that its records represent
just half of actual catches in some years (fig. 6.1). According to
the United States’ National Marine Fisheries Service, compara-
ble problems of overfishing are occurring in nearly all the other

‘= Unreported estimates

== East Atlanic

= Megiteranean
Alowable catch

- - - Sustainable catch range|

Yields (metri tons)

@ Year

FIGURE 6.1 A graph showing the bluefin tura catch in the Atlantic since
1950. (2) Note the diferences between llowable, sustainable, and actual
catch estimates. Frozen tuna at auction at Tsukiji market (b).

Data Source: CAT
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Case Study continued

large-fish fisheries, including marlin, swordfish, and albacore
tuna. Some populations are not currently overfished, however,
including Atlantic bigeye and yellowfin tuna.
Some tuna-catching nations may see it in their best interest
10 liquidate the species for short-term profits. Others just want to
protect the interests of their own fishing fleets in the face of iner-
national compefition. Because the species belongs to no individual
nation, countries have strong profit incentives to catch the last fish
efore someone else does. Thus the self-policing ICCAT structure:
bas 50 fa filed to conseve the Attt Tn 209, Monaco
petitioned for tion for thy i

stantially, although the organization did promise more thorough
monitoring in the future.

Population biology allows us to identify overfishing, to model
sustainable catch rates, and to wam about how quickly the spe-
cies might disappear at current capture rates. In this chapter we'll
‘examine the main concepts of populalmn biology and the uses of
these concepts in environmental scies

B T e T Monterey Bay
Aquarium (wwwmontereybayaquarium.org/er/seafoodwatch.aspx).
You can also see data from ICCAT here: wwwviccat.in/Documents/

population, but in 2010 that hslmg was denied, on the grounds
that ICCAT was already in charge of conserving the species. Just
months later, ICCAT declined to reduce allowable catches sub-

6.1 DYNAMICS OF POPULATION GROWTH

Conserving the bluefin tuna depends on a good understanding of
how populations grow and decline. General rules and patterns that
describe these changes can greatly improve our understanding of
species and their ecosystems.

Population growth can be limited by mortalty (as in tuna fish-
ing) or slow reproductive rates. Without these constraints, many

FIGURE 6.2 Reproduction gives many organisms the
potential to expand populations explosively. The cockroaches
in this kitchen could have been produced in only a few genera-
tions. A single female cockroach can produce up to 80 eggs
every six months. This exhibit is in the Smithsonian Institute's
National Museum of Natural History.
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leetings/Docs/2009-SCRS_ENG.pdf. For related  resources,
including Google Earth™ placemarks that show locations where
these issues can be seen, visit EnvironmentalScience-Cunningham
blogspot.com.

organisms can reach unbelievable numbers if environmental con-
ditions are right. Consider the common housefly. Each female fly
lays 120 eggs (assume half female) in a generation. In 56 days
those eggs become mature adults, able to reproduce. In one year,
with seven generations of flies being born and reproducing, that
original fly would be the proud parent of 5.6 tillion offspring. If
this rate of reproduction continued for ten years, the entire earth
would be covered in several meters of housefly bodies. Luckily
housefl reproduction, as for most organisms, is constrained in a
variety of ways—scarcity of resources, compefition, predation,
disease, accident. The housefly merely demonstrates the remark-
able amplification—the biotic potential—of unrestrained biologi-
cal reproduction (fig. 6.2). Population dynamics describes these
changes in the number of organisms in a population over time.

We can describe growth symbolically

Describing the general pattern of population growth is easiest if
we can reduce it 0 a few general factors. Ecologists find it most
efficient and simplest o use symbolic terms such as N, . and
1o refer to these factors. At fist, this symbolic form might seem
hard to interpret, but as you become familiar with the terms, you'll
probably find them quicker to follow than longer text would be

te are some examples (0 show how you can describe
population change. Figure 6.2 shows a very large population of
cockroaches, for example, a species capable of reproducing very
rapidly. How rapidly can this population grow? If there are no
predators and food is abundant, then that depends mainly on two
factors: the number you start with, and the rate of reproduction.
Start with 2 cockroaches, one male and one female, and suppose
they can lay eges and increase to about 20 cockroaches in the
course of 3 months. You can describe the rate of growth (1) per
adult in one 3-month period like this: r = 20 per 2 adults,or 10/adult,
or *r = 10" If nothing limits population growth, numbers will
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CRITICALTHINKING AND DISCUSSION QUESTIONS

1. What alterative energy sources are most useful in your 4. If you were the energy czar of your state, where would you
region and climate? Why? invest your budget?
2. What can you do to conserve energy where you live? 5. What could (or should) we do to help developing countries
In personal habits? In your home, dormitory, o workplace? move toward energy conservation and renewable energy
3. Do you think building wind farms in remote places, parks, sources? How can we ask them to conserve when we live so
or scenic wilderness areas would be damaging or unsightly? wastefully?
' .
nalyS'I S: Energy Calculations
i
Most college students either already own or are likely to buy 2. How much gasoline would you save in an Insight, com-
an automobile and a computer sometime soon. How do these pared with an Excursion
items compare in energy usage? Suppose that you were debat- a. Excursion:
ing betveen a high-mileage car,such as the Honda Insight or a 15000 mie + 12 mpg = ___ gallye
sport uility vehicle, such as a Ford Excursion. How do the energy b Insight
requirements of these two purchases measure up? To put it another s
way, how long could you run a computer on the energy you would 15,000 mifyr = 75 mpg = __ gallyr
save by buying an Insight rather than an Excursion? ¢. Gasoline savings (a - b) = gallyr
Here are some numbers you need to know. The Insight gets d. Energy savings:

about 75 mpg. while the Excursion gets about 12 mpg. A typical (gal + 115000 Bu) = ___ Buuyr
American drives about 15,000 mi per year. A gallon of regular, Comverting Bta to kW
unleaded gasoline contains about 115,000 Btu on average. Most -

Wh = P
computers use about 100 watts of electricity. One kilowatt-hour (Bru + 0.00029 BrkWh) KWhiyr saved
(kW) = 3413 Bin How long would the energy saved run your computer?

1. How much energy does the computer use if it is left on tm'/""'ﬂ‘“‘;" by Insight = kWhyr consumed by
continuously? (You really should tum it of at night or P —
when it isn't in use, but we'll simplify the calculations.)
100 watth + 24 biday + 365 dayslyr KWhiyr

For Additional Help in Studying This Chapter, pesse it our ebste at

ping. and an extensie

eacing s, allofwhich il hep you eam environmentalscence.
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CONCLUSION

None of the renewable energy sources discussed in this chapter
are likely to completely replace fossil fuels and nuclear power in
the near future. They could, however, make a substantial collec-
tive contribution toward providing us with the conveniences we
crave in a sustainable, environmentally friendly manner. They
could also make s energy independent and balance our interna-
tional payment deficit

Accidents, such as the Gulf Oil Spill, together with rising
fuel prices and civil unrest the Middle East have prompted a tum
in US. energy policy. Our dependence on imported ol is getting
a second look. When he took office, President Obama called for

at least $86 billion in incentives and grants for conservation and
renewable energy. He set a goal of 10 percent of the nation’s
electricity from renewables by 2012 and 25 percent by 2025.
Some people think we could do better—and that we need to
if we're to stabilize the national budget, create green jobs, and
reduce global climate change. We could get all the energy we need
from renewable sources. And many of the steps needed to meet
this goal would save money, improve our environment, and have
social benefits. The question remains, however, whether we'll
have the courage, foresight, and resolve to do so. What do you
think? How should we move toward a sustainable energy future?

REVIEWING LEARNING OUTCOMES

By now you should be able to explain the following points:
20.1 Describe how renewables can help us meet our energy
needs,
 There are many ways to save energy.
« Green buildings can cut energy costs by half.
+ Transportation could be far more efficient.
* Cogeneration produces both electricity and heat.
20.2 Explain how we could tap solar energy.
Solar collectors can be passive or active.

« CSP s an example of high-temperature solar

« Public policy can promote renewable energy.

« Photovoltaics generate electricity directly

« Smart metering can save money and energy.
203 Visualize how fuel cells work.

Al fuel cells share common components.
20.4 Grasp the potential of biomass.

* We can bumn biomass

« Methane from biomass is clean and effcient.

+ Ethanol and biodiesel can contribute to fuel supplies.
+ Cellulosic ethanol seems to offer hope for the future.
+ Could algac be a hope for the future?”
205 Explain the benefits and drawbacks of hydropower.
« Falling water has been used as an energy source since ancient
times.
206 Investigate wind energy.
+ Wind could meet all our energy needs.
+ We need a supergrid.
207 Understand the prospects for other energy sources.
* Geothermal heat, tides, and waves could be valuable resources.
* Ocean thermal electric conversion might be useful.

208 Discuss our energy future.

PRACTICE QUIZ
Deseribe five ways we could conserve energy in
or collectively.

Explain the principle of net energy

dually

jeld. Give some examples.

What is the difference between active and passive solar
energy?
How do photovoltaic cells generate elecricity?

oo

What is a fuel cell and how does it work?

470 CHAPTER 20 Sustainable Energy

>

el?
Why might Miscanthus be a good source of ethanol?

. What are some advantages and disadvantages of large
hydroelectric dams?

Why might Jatropha be a good source of bio

o

©

How can geothermal energy be used for home heating?

s

Describe how tidal power or ocean wave power generate
electricity.
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continue to increase at this rate of r = 10 for each 3-month time
step. You can call each of these time steps (1) The starting point,
before population growth begins, is “time 0" (). The first time
step s called ,the second time stepis , and so on. If 7 = 10, and
the population () starts at 2 cockroaches, then the numbers will
increase like

time N e () rxN

4 2 10

n 0 10

1 200 10

A 2,000 1010 X 2,000 = 20,000

“This is a very rapid rate of increase, from 2 to 20,000 in four time
steps (fig. 6.3).I's also  vry simplified explanaton of growh, but

of increase. Look carefully at the numbers above, and you might
notice that the population at 1, is 2 X 10 X 10, and the population
at s 2 X 10 X 10X 10. Another way to say this is that the popu-
Tation at 1, is 2 X 107, and at r; the population is 2 X 10 In fact,
the population at any given time is equal o the starting number (2)
times the rate (10) aised to the exponent of the number of time steps
(10). The short way 1o express the geometric rate of increase is
below. make sure you Fan

N, =N

Exponential growth describes
continuous change

“The example in the previous section takes growth one time step at
a time, but really cockroaches can reproduce continuously if they
live in a warm, humid environment. You can describe continu-
ous change using the same terms, r, N, and {, plus the added term
delta d), for change (fig. 6.4),

‘You can read this equation like this: the change in N (dN) per
change in time (dr) equals rate of increase (r) times the population
size (N). This equation is a model, a very simplified description of
the dynamic process of population growth. Models like this are con-
venient because you can use them to describe many different growth
trends, just by changing the *r” term. If r > 0, then dN increases
over time. If r < 0, then dN is negative, and the population is declin-
ing. If = 0, then dN'is 0 (no change), and the population is stable.

‘This particular model describes an exponential growth rate.
An exponential growth rate has a J-shaped curve, as i the upward
parts of the curve in figure 6.5. This growth rate describes many
species that grow rapidly when food is available, including moose
and other prey specics.

Exponential growth leads to crashes

A population can only grow at an exponential rate this fastif noth-
ing limits s growth. Usually there are many factors that reduce the
rate of increase. Individuals die, they might mature slowly, they may
fail to reproduce. But if a population has few or no predators (as

in the case of invasive species, see 20
chapter 11), it can grow at an expo-
nential rate, at least for a while.

ut all environments have a
limited capacity to-provide food
and other resources for a particu-
lar species. Carrying capacity is
the term for the number or biomass
of a species that can be supported
in a certain area without depleting
resources. Eventually, a. rapidly
growing population reaches and
overshools this carrying capacity
(fig. 6.5). Shortages of food or other
resources eventually lead to a pop-
ulation crash, or rapid dicback.
Once below the carrying capacity,
the population may rise again, lead-
ing to boom and bust cycles. These
oscillations can_ eventually lower
the environmental carrying capac-
ity for an entire food web.

In the case of the bluefin tuna
(opening case study). we might
say that the population of tuna
fishers grew t0o fast and overshot
the carrying capacity of the blue-  FIGURE 6.3 Population
fin resource. The subsequent col-  increase with a constant
lapse would appear inevitable toa  9rowth rate.
population biologist.

Number of individuals (thousands)

Time steps (1)

Logistic growth slows with population increase

Sometimes growth rates slow down s the population approaches
carrying capacity—as resources become scarce, for example. In
symbolic terms, the rate of change (dN/d) depends on how close
population size (V) is to the carrying capacity (K).

For example, suppose you have an area that can support 100
wolves, Let's say that 20 years ago, there were only 50 wolves, so
there was abundant space and prey. The 50 wolves were healthy,
many pups survived each year, and the population grew rapidly. Now
the population has risen (o 90. This number is close to the maxi-
mum 100 that the environment can support before the wolves begin
to deplete their prey. Now, with less food per wolf, fewer cubs are
surviving to adulthood, and the rate of increase has slowed. This slow-
ing rate of growth makes an S-shaped curve, or a “sigmoidal” curve
(fig. 6.6). This S-shaped growth pattem is also called logistic growth
because the curveis shaped ke a logisti function used in math.

Ratc of increase (1) imes number

‘Change in namber (N)
e ()

FIGURE 6.4 Exponential growth
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Biotic

—
Potential™>" | - Dieback

Overshoot—

Population size

Time

FIGURE 6.5 J curve, or exponential growth curve, with
overshoot of carrying capacity. Exponential growth in an unre-
strained population (e sice of curve) leads to a population crash
and oscilltions below former levels. After the overshoot, carrying
capacity may be reduced because of damage to the resources of
the habitat. Moose on sle Royale in Lake Superior may be exhibit-
ing this growth pattern in response to their changing environment.

Population

Time

FIGURE 6.6 S curve, o ogistic growth curve, describes a
population’s changing number over time in response to feedback
from the environment or its own population density. Over the long
fun, a conservative and predictable population dynamic may win
the race over an exponential population dynamic. Species with
this growth pattern tend to be K-selected.

‘You can describe the general case of this growth by modifying
the basic exponential equation with a feedback term—a term that
can dampen the exponential growth of N (fig. 6.7).

IF you are patent, you can see ineresing pattens in this
equation. Look first at the - part. For the wolf example, K is
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[Populaton size as o
‘proportion of carrying
capacity

FIGURE 6.7 Logistic growth.

100 wolves, the maximum that can be supported. I N is 100,
then % = 18 which is 1. So I — = 1, which is 0. As a
consequence, th ight sideof the equationisequal 00 (VX 0 = 0),
504 = 0. So there is no change in N if N is equal (0 the camying
capacity. Try working out the following examples on paper as
youread,so you an se how N changes the equa\lun

Whatif Nis only 50? Then % =2 = L
In this case, the rate of increase is Y, or half ofthe maximum
possible reproductive rate. If N = 10, then 1 ~ 188, which
5 0.90. So 2 is increasing at a rate 90 percent as fast as the maxi-
mum possible reproductive rate for that species.

What if the population grows to 1207 Overpopulation will
likely lead to starvation or low birth rates, and the population will
d:chnc tosomething below 100 agin I temsof h model,now

— 0.2. Now the rate of change, 45 s declining

-l‘ arate of 0. ’rN

Logistc growth s densiy dependent, meaning ht the g_mwth
can influence population: overcrowding can increase disease rates,
stress, and predation, for example. These factors can lead to smaller
body size and lower fertility rates. Crowding stress alone can affect
birth rates. In a study of overcrowded house mice (> 1,600/m’"), the
average liter size was only 5.1 mice per litter, compared o 6.2 per
litter in less crowded conditions (< 34/m’). Density-independent
factors also affect populations. Usually these are abiotic (nonliving)
disturbances, such as drought or fire or habitat destruction, which
disrupt an ecosystem,

A population can lose a portion of its numbers every year,
but that portion depends on r, N, and K, among other factors. A
sustainable harvest s possible, as in a tuna fishery, if the number
caught is within that sustainable proportion. A “maximum sus-
tained yield" i the highest number that can be regularly captured

Population biologists have often been very successful in using
growth rates to identify a sustainable yield. In North America,
game laws restrict hunting of ducks, deer, fish, and other game
species, and most hunters and fishers now understand and defend
those limits. Acceptable harvest levels are set by population biolo-
giss, who have studied reproductive raes, carrying capacitcs, and

each species, in order (o d sustainable

yield. (In some cases, 7 i now too rapid for K: see What Do You
Think? p. 122.) Similarly, the Pacific salmon fishery, from Califor-
nia to Alaska, is carefully monitored and is considered a healthy
and sustainable fishery.

Species respond to limits differently:

r-and K-selected species

Which is more successful for increasing a population, rapid
reproduction or long survival within the carrying capacity? Dif-
ferent species place their bets on different strategies. Some organ-
isms, such as dandelions and barnacles, depend on a high rate of
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As long as a temperature difference of about 20°C (36°F)
exists between the warm upper layers and cooling water, use-
ful amounts of net power can, in principle, be generated with
one of these systems. This differential corresponds, generally,
10 a depth of about 1,000 m in tropical seas. The places where
this much temperature difference is likely to be found close to
shore are islands that are the tops of volcanic seamounts, such
as Hawail, or the edges of continental plates along subduction
zones (chapter 14) where deep trenches lie just offshore. The
west coast of Affica, the south coast of Java, and a number of
South Pacific islands, such as Tahiti, have usable temperature
differentials for OTEC power.

though their temperature differentials aren’t as great as the
ocean, deep lakes can have very cold bottom water. Ithaca, New
York, has recently built a system to pump cold water out of Lake
Cayuga to provide natural air conditioning during the summer.
Cold water discharge from a Hawaitan OTEC system has been
used 10 cool the soil used to grow cool-weather crops such as
strawberries.

20.8 WHAT’s OUR ENERGY FUTURE?

Former vice president Al Gore has issued a bold and inspiring
challenge to the United States. Currently, he said, “We're bor-
rowing money from China to buy oil from the Persian Gulf
o burn in ways that destroy the planet.” He urged America to

repower itself with 100 percent carbon-free electricity within
a decade. Doing so, he proposed, would solve the three big-
gest crises we face—environmental, economic, and security—
simultancously. This ambitious project could create millions of
jobs, spur economic development, and eliminate our addiction to
imported fossil fuels.

But could we realistically get all our electricity from renew-
able, environmentally friendly sources in such a short time? Mark
Jacobson from Stanford University and Mark Delucchi from the
University of California-Davis believe we can. Moreover, they cal-
culate that currently available wind, water, and solar technologies
could supply 100 percent of the world’s energy by 2030 and com-
pletely eliminate all our use of fossil fuels. They calculate that it
would take 3.8 million large wind turbines (each rated at 5 MW),
1.7 billion rooftop photovoltaic systems, 720,000 wave convert-
ers, half a million tidal turbines, 89,000 concentrated solar power
plants and industrial-sized photovoltaic arrays, 5,350 geothermal
plants, and 900 hydroelectric plants, worldwide.

Wouldn't it be an overwhelming job to build and install all
that technology? It would be a huge effort, but it’s not impossible.
Jacobson and Delucchi point out that society has achieved mas-
sive transformations before. In 1956 the United Sates began build-
ing the Interstate Highway System, which now extends 47,000 mi
(75,600 km) and has changed commerce, landscapes, and society.
And every year roughly 60 million new cars and trucks are added
1o the world's highways.

I there enough clean energy to meet our needs? Yes, there is.
As we've already seen, the readily available wind, solar, and water
‘power sources are at least 100 times larger than our current power
consumption. Even allowing for growth as peaple in the devel-
oping world improve their standard of living, there’s more than
enough environmentally friendly energy for everyone.

‘The World Energy Council projects that renewables could
provide about 60 percent of world cumulative energy consump-
tion in 2030 assuming that political leaders take global warming
seriously and pass taxes to encourage conservation and protect the
environment (fig. 20.34). This idealized “ecological scenario also
envisions measures to shift wealth from the north to south, and to
enhance economic equity. By the end of the twenty-firs century,
renewable sources could provide all our energy needs if we take
the necessary steps to make this happen. After the meltdown of
four nuclear reactors in Japan in 2011, Germany, Japan, Switzer-
land, Sweden and several other countries announced intentions to
move away from both nuclear and fossil fuels and to emphasize
renewable energy sources in the future.

Interestingly, it would take about 30 percent less total energy
tomeet our needs with sun, wind, and water than to coninue using
fossil fuels. That's because electricity is a more efficient way to
use energy than buming dead plants and animals. For example,
only about 20 percent of the energy in gasoline is used to move
a vehicle (the rest is wasted as heat). An electric vehicle, on the
other hand, uses about three-quarters of the energy in electric-
ity for motion. Furthermore, much of the energy from renewable
sources could often be produced closer to where it's used, so there

ewer losses in transmission and processing.

Won't it be expensive to install so much new technology?
Yes it will be, but the costs of continuing our current depen-
dence on fossil fuels would be much higher. Its estimated that
investing $700 billion per year now in clean energy will avoid
twenty times that much in a few decades from the damages of
climate change.

Geathermal
5%

Biomass 7%
_ Nuclear 7%

Hydro 7%

Solar CSP.
10%

Solar PV 12%

Wind 20%

FIGURE 20.34 A renewable energy scenario for 2030.
Co-generation would mostly burn natural gas to generate both
electricity and space heating

et 2008 Wordvetch Repor. p. 176
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steam to run an electrical generator at a cost significantly lower
than conventional fossil fuel or nuclear power. The well is no
more expensive than most oil wells, and the resource is essen-
tially perpetual. Currently about 60 new geothermal energy proj-
ects are being developed in the United States. However, there are
cautions about this technology. As we saw in chapter 19, frac-
turing (or fracking) can contaminate ground water aquifers. And
in 2010 two large geothermal projects (one in California and
another in Switzerland) were abruptly canceled over concerns
that they seemed to be triggering earthquakes.

Tides and waves contain significant energy

Ocean tides and waves contain enormous amounts of energy that
can be hamessed 1o do useful work. A tidal station works like a
hydropower dam, with its turbines spinning as the tide flows
through them. A high-tide/low-tide differential of several meters
i required to spin the turbines. Unfortunately, variable tidal peri-
ods often cause problems in integrating this energy source into the
electric utiity grid. Nevertheless, demand has kept some plants
running for many decades

Ocean wave energy can easily be seen and felt on any sea-
shore. The energy that waves expend as millions of tons of water
are picked up and hurled against the land, over and over, day after
day, can far exceed the combined energy budget for both insola-
tion (solar energy) and wind power in localized areas. Captured
and turned into useful forms, that energy could make a substantial
contribution to meeting local energy needs,

Dutch researchers estimate that 20,000 km of ocean coastline
are suitable for hamessing wave power. Among the best places in
the world for doing this are the west coasts of Scotland, Canada,
the United States (including Hawaii), South Africa, and Austral
Wave energy specialist rate these areas at 40 to 70 kW per meter
of shoreline. Altogether, i’s calculated, if the technologies being
studied today become widely used, wave power could amount to
as much as 16 percent of the world's current electrical output.

Some of the designs being explored include oscillating water
columns that push or pullair through a turbine, and a variety of loat-
ing buoys, barges, and cylinders that bob up and down as waves pass,
using a generator to convert mechanical motion into electricity. I’s
difficult to design a mechanism that can survive the worst storms.

An interesting new development in this field is the Pelamis
wave-power generator developed by the Scottish start-up com-
pany Ocean Power Delivery (fig. 20.33). The first application of
this technology is now being built 5 k off the coast of Portugal
It will use three units capable of producing some 2.25 MW of
electricity, or enough to supply 1,500 Portuguese houscholds. If
preliminary trials go well, plans are to add 40 more w
year or two. Each of the units consists of four cylindrical steel
sections linked by hinged joints. Anchored to the seafloor at its
nose, the snakelike machine points into the waves and undulates
up and down and side to side as swells move along its 125 m
length. This motion pumps fluid to hydraulic motors that drive
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FIGURE 20.33 The Pelamis wave converler (named after a
sea snake) is a 125 m long and 3.5 m diameter tube-hinged, so
it undulates as ocean swells pass along it. This motion drives pis-
tons that tur elecirical generators. Energy experts caloulate that
capturing just 1 to 2 percent of global wave power could supply
atleast 16 percent of the world's electrical demand

electrical generators to produce power, which is carried to shore
by underwater cables.

Pelamis's inventor, Richard Yemm, says that survivability
is the most important feature of a wave-power device. Being
offshore, the Pelamis isn't exposed to the pounding breakers
that destroy shore-based wave-power devices. If waves get 00
steep, the Pelamis simply dives under them, much as a surfer
dives under a breaker. These wave converters lie flat in the water
and are positioned far offshore, so they are unlikely to stir up as
much opposition as do the tall towers of wind generators.

Think About It

Some people abject to the sight of giant windrills. They think
it an intrusion on the land and spois the view. Yet those same
peaple don't object to other forms of moden technology. Is his
resistance just because wind power is new, or s there some-
thing truly diferent about it?

Ocean thermal electric conversion
might be useful

Temperature differentials between upper and lower layers of the
ocean’s water also are a potential source of renewable energy. In a
closed-cycle ocean thermal electric conversion (OTEC) system,
heat from sun-warmed upper ocean layers is used to evaporate a
working fluid, such as ammonia or Freon, which has a low boiling
point. The pressure of the gas produced is high enough to spin tur-
bines to generate electricity. Cold water then is pumped from the
ocean depths to condense the gas.
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reproduction and growth (rN) to secure a place in the environment.
‘These organisms are called r-selected species because they have
a high reproductive rate (7) but give litle or no care to offspring,
which have high mortality. Seeds or larvae are cast far and wide,
and there s always a chance that some will survive and prosper. If
there are no predators or diseases to control their population, these
abundantly-reproducing species can overshoot carrying capacity
and experience population crashes, but as long as vast quantities
of young are produced, a few will survive. Other organisms repro-
duce more conservatively—with longer generation times, late sex-
wal maturity, and fewer young. These are referred to as K-selected
species, because their growth slows as the carrying capacity (K) of
their environment is approached.

Many species blend exponential (r-selected) and logistic
(K-selected) growth characteristis. Still it's useful to contrast the
advantages and disadvantages of organisms at the extremes of the
continuum. It also helps if we view differences in terms of “strate-
gies” of adaptation and the “logic” of different reproductive modes

table 6.1).

Organisms with r-selected, or exponental, growth patterns
tend o occupy low trophic levels in their ccosystems (see chaper 3)
or they are successional pioneers. These species, which gener-
ally have wide tolerance limits for environmental factors, and
thus can occupy many different niches and habitats, are the ones
we often describe as “weedy.” They tend to occupy disturbed or
new environments, grow rapidly, mature early, and produce many
offspring with excellent dispersal abilites. As individual parents,
they do little to care for their offspring or protect them from preda-
tion. They invest their energy in producing huge numbers of young
and count on some surviving to adulthood.

A female clam, for example, can release upto | million eggs in
her lfetime. The vast majority of young clams die before reaching
maturity, but a few survive, and the species persists. Many marine
invertebrates, parasites, insects, rodents, and annual plants follow

Table Reproductive Strategies
r-Selected Species K-Selected Species
1. Short life 1. Long life
2. Rapid growth 2. Slower growth
3. Early maturity 3. Late maturity
4. Many small offspring 4. Few, large offspring
5. Litle parental care or 5. High parental care or
protection protection
6. Litle investment in 6. High investment in individual
individual offspring offspring
7. Adapted to unstable 7. Adapted to stable
environment environment
8. Pioneers, colonizers 8. Later stages of succession
9. Niche generalists 9. Niche specialists
10. Prey 10. Predators

11, Regulated mainly by extrinsic 11. Regulated mainly by intrnsic
factors factors

. Low trophic level 12. High trophic level

this reproductive strategy. Also included in this group are most
invasive and pioneer organisms, weeds, and pests.

So-called K-selected organisms are usually larger, live long
lives, mature slowly, produce few offspring in each generation,
and have few natural predators. Elephants, for example, are not
reproductively mature uniil they are 18 to 20 years old. In youth
and adolescence, a young elephant belongs to an extended fam-
ily that cares for it, protects it, and teaches it how to behave. A
female elephant normally conceives only once every 4 or 5 years.
‘The gestation period is about 18 months; thus, an elephant herd
doesn't produce many babies in any year. Since elephants have
few enemies and live a long life (60 or 70 years). this low repro-
ductive rate produces enough elephants 1o keep the population
stable, given good environmental conditions and no poachers.

When you consider the species you recognize from around the
world, can you pigeonhole them into categories of - o K-selected
species? What strategies seem to be operating for ants, bald eagles,
cheetahs, clams, dandelions, giraffes, or sharks?

Think About It

Which of the following strategies do humans follow: Do we more
closely resemble wolves and elephants in our population growth,
or does our population growth pattem more Glosely resemble
that of moose and rabbits? Wil we overshoot our environment's
carrying capaclty (or are we aleady doing so), or wil our popula-
tion growth come into balance with our resources?

6.2 COMPLICATING THE STORY:
r=BIDE

By adding camrying capacity, we complicated our first simple pop-
ulation model, and we made it more realistic. To complicate it still
further, we can consider the four factors that contribute to , or rate
of growth. These factors are Births, Immigration from other areas,
Deaths, and Emigration to other areas. More specifically, rate of
‘growth is equal to Births + Immigration — Deaths — Emigration.
In a detailed population model, populations receive immigrants
and lose individuals to emigration. Number of births might rise
more rapidly than number of deaths. Models of human populations
(see chapter 7)., as well as animal populations involve detailed c:
culations of the four BIDE factors.

‘The two terms that make population grow, births and imm
gration, should be relatively easy to imagine. Birth rates are differ-
ent for different species (house flies vs. elephants, for example),
and birth rate can decline if there are food shortages or if crowding
Teads o stress, as noted earlier. OF the two negative terms, deaths
and emigration, the emigration idea simply means that sometimes
individuals leave the population. Deaths, on the other hand, can
have some interesting patterns.

Mortaliy, or death rate, is the portion of the population that
dies in any given time period. Some of mortality is determined
by environmental factors, and some of it is determined by an
organism’s physiology. or its natural life span. Life spans vary
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Too Many Deer?

A century ago, few Americans had ever seen a wild deer. Uncontrolled
hunting and habitat destruction had reduced the deer population to about
500,000 animals nationwide. Some states had no deer at all. To protect
the remaining deer, laws were passed in the 19205 and 19305 to restrict
hunting, and the main deer predators—wolves and mountain lions—were:
exterminated throughout most of their former range.
mericans have moved from rural areas to urban centers, forests

have regrown, and deer populations have undergone explosive growth.
Maturing at age two, a female deer can give birth to twin fawns every year
for a decade or more. Increasing more than 20 percent annually, a deer
population can double in just three years, an excellent example of irrup-
tive, exponential growth.

‘Wildiife biologists estimate that the contiguous 48 states now have a
population of more than 30 million white-tiled deer (Odocoileus virgin
ianus), probably triple the number present in pre-Columbian times. Some

White-tiled deer (Odocoileus virginianus), can become emciated
and sick when they exceed their environment’ carying capacity.

areas have as many as 200 deer per square mile (77/km’). At this density,
woodland plant diversity is generally reduced to a few species that deer
won'teat. Most deer, i such conditions,suffer from malnourishment, and
many die every year of discase and starvation. Other species are dimin-
ished as well. Many small mammals and ground-dwelling birds begin to
disappear when deer populations reach 25 animals per square mile. At
50 deer per square mile, most ecosystems are seriously impoverished.

“The social costs of lrge deer popultions are high. In Pennsylvania
alone, where deer numbers are now about 500 times greater than a cen-
tury ago, deer destroy about $70 million worth of crops and 75 million

h of trees annually. Every year some 40,000 collisions with motor
vehicles cause $80 million in property damage. Deer help spread Lyme
disease, and,in many states, chronic wasting disease is found in wild deer
herds. Some of the most heated critcisms of current deer management
policies are in the suburbs. Deer love to browse on the flovers. young
trees, and omamental bushes in suburban yards. Heated disputes often
arse between those who love (o watch deer and their neighbors who want
10 exterminate them al.

In remote forest areas, many states have extended hunting seasons,
increased the bag limit to four or more animals, and encouraged hunters
10 shoot does (females) as well as bucks (males). Some hunters criticize
these changes because they believe that fewer deer will make it harder to
hunt successfully and less lkely that they’l find a trophy buck. Others,
however, argue that  healthier herd and a more diverse ecosystem is bet-
ter for all concerned.

In urban areas, increased sport hunting usually st acceptable.
‘Wildlife biologists argue that the only pracical way to reduc deer herds
is culling by professional sharpshooters. Animal rights activits protest
Tethal control methods as cruel and inhumane. They call instead for fer-
tlity controls, reintroduction of predators, such as wolves and mountain
Tions, or trap and transfer programs. Birth control works in capiive popu-
lations but s expensive and impractical with wild animals. Trapping. also,
is expensive, and there’s rarely anyplace willing to take surplus animals,
which often die afer relocation.

“This case shows that carrying capacity can be more complex than
simply the maximum number of organisms an ecosysiem can support,
‘While it may be pm.b]e lm znu deer 10 survive in a square mile, the eco-
tothe

less. There's also
anethical carrying capaciy i we don't want to see animals suffer from
malnutrition, disease, or starvation. There may also be a cultual carry-
ing capacity if we consider the tolerable rate of depredation on crops and
Tawns or an acceptable number of motor vehicle collisions.

1 you were a wildlife biologist charged with managing the deer herd
in your state, how would you reconcile the different interets n this ssue?
‘What sources of information orideas shape views for and against popula-
tion control i deer? What methods would you suggest to reach the opti-
mal population size? What social or ecological indicators would you look
for to gauge whether deer populations are excessive or have reached an
appropriate level?

enormously. Some microorganisms live whole life cycles in a few
hours or even minutes. Bristlecone pine trees in the mountains of
California, on the other hand, have lfe spans up to 4,600 years.
Different rates of growth, maturity, and survival over time can
be graphed to compare lfe histories of different organisms (fig. 6.8).
Several general pattems of survivorship can be seen in this idealized

have high jusenile survival, high survival in reproductive ages, and a
tendency for mostindividuals to reach old age. Survivorship declines
sharply in the older, postreproductive phase, but some persst to near
the maximum possible age. Many larger mammals follow this pat-
ter, for example, whales, bears, and elephants (and many human
populations). Juvenile survivaltends o be fairly high, in part because

figure. C implified, general rend for
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paents invest considerabl intending to one or two young at
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FIGURE 20.31 The wind does't blow allthe time, nor is sun-
shine always available, but a mix of renewable resources coul
‘supply al the energy we need, especially i distant faciites are
linked together. This graph shows hypothetical energy supplies for
atypical July day in California.

strongly at night, and the sun shines (obviously) during the day.
And because hydropower can start up quickly, it easily il in gaps.
Even though the wind doesn’t blow every day in most locations,
linking together wind farms even a few hundred kilometers apart
can give a more steady electrical supply than does a single site.

A super grid, such as the one proposed for Desertech, could make
our entire energy supply more robust, reliable, and sustainable.

20.7 OTHER ENERGY SOURCES

The earth’s internal temperature can provide a useful source of
energy in many cases. High-pressure, high-temperature energy
exists just below the earth’s surface. Around the edges of con-
tinental plates or where the earth’s crust overlays magma (mol-
ten rock) pools close 1o the surface, this geothermal energy is
experienced in the form of hot springs, geysers, and fumaroles.
Yellowstone National Park s the largest geothermal region in the
United States. Ieeland, Japan, and New Zealand also have high

al springs and vens ing on the
shape, heat content, and access to groundwater, these sources pro-
duce wet steam, dry steam, or hot water.

Although few’ places have geothermal steam, the earth’s
warmth can help reduce energy costs nearly everywhere. Pumping
water through buried pipes can extract enough heat so that a heat
pump will operate more efficiently. Similarly,the relatively uniform
temperature of the ground can be used to augment air conditioning
in the summer (fig. 20.32). This can cut home heating costs by half
in any s and pay for itsef in five years.

gineers are now exploring deep wells for community geo-
memml systems. Drilling 2,000 m (6,000 ft) in the American
‘West gets you into rocks above 100°C. Fracturing them to expose:
more surface area, and pumping water in can produce enough

FIGURE 20.32 Geothermal energy can cut heating and cooling costs by halfin many areas. In summer (shown here), warm water is
pumped through buried tubing (earth loops) where it s cooled by constant underground temperatures. In winter, the system reverses and
the relatively warm soil helps heat the house. Where space is limited (fef), earth loops can be vertical. If more space is available {right) the
tubing can be laid in shallow horizontal trenches. A heat exchanger concentrates heat, so water entering the house is far wamer than the

ground temperature.
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Some people object 10 the sight of lurge
machines looming on the horizon, and there’s
controversy sbout how close to houses and
schools wind turbines should be allowed. Some
people claim thatthe low-frequency sound waves
from moving blades cause headaches,
nia, digestive problems, panic attacks, and other
health issues. Others dismiss these symptoms

om-

R"‘”’:";’ as too vague and general to assign to a specific
POIEnE Source. 1ts difficult to study the issue scienifi-
sugea Cally because the low-frequency sounds attrib-
For uted to wind towers are indistinguishable from
et wind and other ambient noises. To some peaple,

usianang  on the other hand, windills offer a welcome
S liemative to nuclear o fossilfuel-burning plants

FIGURE 20.29 United States wind resource map. Mountain ranges and areas of
the High Plains have the highest wind potential, but much of the country has a fair to ‘We need a supergrid

good wind supply.
‘Source: Data rom U, Department of vy

need to operate in deep water and withstand storms and waves,
wind tower construction on land is relatively simple and cheap.
There also is growing demand for wind projects from farmers,
ranchers, and rural communities because of the economic benefits
that wind energy brings. One thousand megawalts of wind power
(equivalent to one large nuclear or fossil fuel plant) can create
more than 3,000 permanent jobs, while paying about $4 million
in rent to landowners and $3.6 million in tax payments to local
governments. Texas is currently the wind leader for the United
States with 10,085 MW of installed capacity. fowa is second with
3,675 MW, and 14 other states have at least 1000 MW,

With each tower taking only about a 0.1 ha (025 acre)
of cropland, farmers find that they can continue to cultivate
90 percent of their land while getting $2.000 or more in annual
rent for each wind machine. An even better return results if the
landowner builds and operates the wind generator, selling the
electricity to the local utlity. Annual profits can be as much as
$100.000 per turbine, a wonderful bonus for use of 10 percent
of your land. Cooperatives are springing up to help landown-
ers finance, build, and operate their own wind generators. About
20 Naiive American tibes,for example, hae formed a coaliton to
study wind power. Together their reservations (which were sited in
the windiest, least productive parts of the Great Plains) could gen-
erate at least 350,000 MW of electrical power, equivalent to about
half of the current total U.S. installed capacity.

There are problems with wind energy. In some places, high bird
mortality has been reported around wind farms. This seems to be
particularly true in California, where rows of generators were placed
atthe summit of mountain passes where wind velocities are high but
where migrating birds and bats are likely to fly into rotating blades.
New generator designs and more careful tower placement seems to
have reduced this problem in most areas. Although national polls
in the United States show that 82 percent of the public supports
additional wind power, the rate of support is often considerably less
among people who live close to the towers.
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Many of the places with the greatest potential
for both solar and wind development are far
from the urban centers where power is needed. This means we'll
need a vastly increased network of power lines if we're going
o depend on wind or solar for a much greater proportion of our
energy. Inintroducing his plans to double the amount of renewable
energy over the next three years, President Obama sai
the electricity we use is carried along a grid of lines and wires
that dates back to Thomas Edison—a grid that can't support the
demands of clean energy” He designated $4.5 billion to moderize
and expand the transmission grid as part of the $86 billion in clean-
ey investments in the economic recovery bill (fig. 20.30).
Fortunately, as we've seen earler in this chapter, high-voltage
direct current lines make it possible to transmit elecricity over
Tong distances with relatively minor loses. Interestingly, studies
in California show that integration of renewable resources can
smooth out daily variations (fig. 20.31). The wind blows more

FIGURE 20.30 New high-voltage power ines wil be
needed if the United States is to make effective use of its
renewable energy potential. The pink area served by the Eastern
electrical grid needs to be connected to the west by interlinks
(black dots) for maximum effciency.
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FIGURE 6.8 Three basic types of survivorship curves for organisms with diferent ife histo-
ties. Gurve (e represents organisms such as humans or elephants, which tend o ive out the ful
physiological ife span if they survive early growth. Curve (b] represents organisms such as sea
quls, which have a fairly constant mortality at all age levels. Curve (c) represents such organ-
isms as clams and redwood trees, which have a high mortaliy rate early n Ife but live a full e if

they reach adulthood,

a time. Adult mortality is fairly low because these organisms have
flw predators. There are also very small organisms, including preda-
tory protozoa, that have similar survivorship curves, with a large pro-
portion surviving to a mature age—for a microorganisi.

Curve (b) shows survivorship for organisms for which the
probability of death is unrelated to age, once infancy is past. Sea
gulls, mice, rabbits, and other organisms face risks that affect all
ages, such as predation, discase, or accidents. Mortality rates can
be more or less constant with age, and their survivorship curve can
be described as a straight lne.

Curve () is typical of organisms at the base of a food chain or
those especially suscepible to mortality early in lfe. Many tree spe-

. fish, clams, crabs, and other invertebrate species produce a very
hmc number of highly vulnerable offspring. Jus a few survive to
maturity. Those that do survive to adulthood, however, have a very
high chance of living nearly the maximun life span for the species.

Think About It

Wrich of these sunivorship patterns best describes humans?
Are we mre like elephants or deer? Do wealth and modernity
have something to do with it? Might people in Bangladesh have
diferent sunvivorship prospects than you do?

Dependency  Roproductive
period riod

Total fe span

Postreproductive
period

o) Die randormly

6.3 FACTORS THAT REGULATE
POPULATION GROWTH

So far, we have seen that differing patterns of natality, mortality,
life span, and longevity can produce quite different rates of popula-
tion growth. The patterns of survivorship and age structure created
by these interacting factors not only show us how a population s
‘growing but also can indicate what general ole that species plays in
its ecosystem. They also reveal a good deal about how that speci
is likely to respond to disasters or resource bonanzas in its environ-
ment. But what factors regulate natality, mortality, and the other
components of population growth? In this section, we will look at
some of the mechanisms that determine how a population grows,
jarious  factors regulate population growth, primarily by
affecting natality or mortality, and can be classified in different
ways. They can be intrinsic (operating within individual organ-
isms or between organisms in the same species) or exirinsic
(imposed from outside the population). Factors can also be either
biotic (caused by living organisms) or abiotic (caused by non!
ing components of the environment). Finally, the regulatory fac-
tors can act in a density-dependent manner (effects are stronger
or a higher proportion of the population is affected as population
density increases) or density-independent manner (the effect s the
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same or a constant proportion of the population
Tess of population density).

Ingeneral, biotic regulatory factors tend to be dens
dependent, while abiotic factors tend to be density-independent.
‘There has been much discussion about which of these factors
is most important in regulating population dynamics. In fact, it
probably depends on the particular species involved, s toler-
ance levels, the stage of growth and development of the organ-
isms involved, the specific ecosystem in which they live, and
the way combinations of factors interact. In most cases, dens
dependent and density-independent factors probably exert simul-
taneous influences. Depending on whether regulatory factors are
regular and predictable or iregular and unpredictable, species will
develop different strategies for coping with them.

flected regard-

Some population factors are den“ty
others are i

Sometimes predator and prey populations oscillate in a sort of
synchrony with each other as is shown in figure 6.9, which shows
the number of furs brought into Hudson Bay Company trading
posts in Canada between 1840 and 1930. As you can see, the
numbers of Canada lynx fluctuate on about a ten-year cycle that
is similar to, but slightly out of phase with, the population peaks
of snowshoe hares. Although there are some doubts now about
how and where these data were collected, this remains a classic
‘example of population dynamics. When prey populations (hares)
are abundant, predators (Iynx) reproduce more successfully and
their population grows. When hare populations crash, so do the
Iynx. This predator-prey oscillation is known as the Lotka-Volterra
model after the scientists who first described it mathematically:

Not all interspecific interactions are harmful to one of the

cies involved. Mutualism and commensalism, for instance, are
interspecific interactions that are beneficial or neutral in terms of
population growth (see chapter 4).

occur within a species

In general, the factors that affect natality or mortality
of population density tend to be abiotic components of the ecosys-
tem. Often weather (condiions at a particular time) or climate (aver-
age weather conditions over a longer period) are among the most
important o these factors. Extreme cold or even moderate cold at the
wrong time of year, high heat, drought, excess rain, severe storms,
and geologic hazards—such as volcanic eruptions, landslides, and
floods—can have devastating impacts on particular populations.

Abiotic factors can have beneficial effects as well, as anyone
who has seen the desert bloom after a rainfall can attest. Fire is a
powerful shaper of many biomes. Grasslands, savannas, and some
montane and boreal forests often are dominated-—even created—
by periodic fires. Some species. such as jack pine and Kirtand’s
warblers, are so adapted to periodic disturbances in the environ-
ment that they cannot survive withou them.

In a sense, these density-independent factors don’t necess
ily regulate population per se, since regulation implies a homeo-
static feedback that increases or decreases as density fluctuates.
By definition, these factors operate without regard to the number
of organisms involved. They may have such a strong impact on
population, however, that they completely overwhelm the influ-
ence of any other factor and determine how many individuals
make up a particular population at any given time.

Density-dependent mechanisms tend to reduce population
size by decreasing natality or increasing mortality as the popula-
tion size increases. Most of them are the results of interactions
between populations of a community (especially predation), but
some of them are based on interactions within a population.

Interspecific interactions occur between species

As we discussed in chapter 4, a predator feeds on—and usually
Kills—its prey species. While the relationship is one-sided with
respect to a particular pair of organisms, the prey species as a
whole may benefit from the predation. For instance, the moose that
gels eaten by wolves doesn't benefit individually, but the moose
population is strengthened because the wolves tend to kill old o
sick members of the herd. Their predation helps prevent popula-
tion overshoot, so the remaining moose are stronger and healthier.
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Individuals within a population also compete for resources. When
population density is low, resources are likely 1o be plentiful and
the population growth rate will approach the maximum possible for
the species, assuming that individuals are not so dispersed that they
cannot find mates. As population density approaches the carry-
ing capacity of the environment, however, one or more of the vital
limiting. The stronger, quicker
more clever, or luckier members get a larger share, while others get
Tess and then are unable to reproduce successfully or survive:
Territoriality is one principal way many animal species con-
trol access to environmental resources. The individual, pair, or
group that holds the teritory wil drive offrivalsif possible, either

150
nowshoe hare
125 %— e Iy

L M M I
1850 1860 1870 1880 1890 1900 1910 1920 1930
Year

FIGURE 6.9 Ten-year oscilations i the populations of snow-
shoe hare and lynx in Canada suggest a close linkage of predtor
and prey, but may not tell the whole story. These data are based
on the number of pelts received by the Hudson Bay Gompany
each year, meaning fur-traders were unwitting accomplices in later
scientific research.

‘Source: Data fom D. A MecLuloh, Flctuatons i the Numes o the Uaning
Haro (Lapus amarius. Toano: Unverity of Tront Pres, 1907, apinid 1974
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fossil fuel-burning power plants. It interesting to speculate what
the course of history might have been if we had not spent trillions
of dollars on fossil fuels and nuclear power, but instead had invested
that money on small-scale, renewable energy systems.

“The oil price shocks of the 19705 spurred a renewed interest in
wind power. In the 1980s, the United States was a world leader in
wind technology, and California hosted 90 percent of all wind power
‘generators in the world. Poor managemen, technical flaws, and
overdependence on subsidies, however, led to bankruptey of many
of the most important companies of that era, including Kenetech,
once the world's largest manufacturer of wind generators. Now
China dominates both the global solar and wind power markets

Modern wind machines are far different from those employed

a generation ago. The largest wind turbines now being built

have towers up to 150 m tall with 62 m long blades that
reach as high as a 45-story building. Each can generate 5 MW of
electricity, or enough for 2,500 typical American homes. Out of
‘commission for maintenance only about three days per year, many
can produce power 90 percent of the time. Theoretically up to
60 percent efficient, modern windmills typically produce about
35 percent of peak capacity under field conditions. Currently wind
farms are the cheapest source of new power generation, costing as
litle as 3 cents/kWh compared to 4 to 5 cents/kWh for coal and
five times that much for nuclear fuel. If the carbon “cap and trade”
program proposed by President Obama becomes law, wind energy
could be cheaper in many places than fossil fuels.

As table 20.2 shows, when the land consumed by mining is
taken into account, wind power takes about one-third as much
area and creates about five times as many jobs to create the same
amount of electrical energy as coal.

Wind could meet all our energy needs

Wind power offers an enormous potential for renewable energy.
‘The World Meteorological Organization estimaes that 80 mil-
Tion MW of wind power could be developed economically world-
wide. This would be five times the total current global electrical
‘generating capacity. Wind has a number of advantages over most
other power sources. Wind farms have much shorter planning and
construction times than fossil fuel or nuclear power plants. Wind
farms are modular (more turbines can be added if loads grow)
and they have no fuel costs or air emissions (fig. 20.28).

Table 20.2 Jobs and Land Required for Alternative
Energy Sources

Land Use (m*
Gigawatt-Hour for  Jobs (per Terawatt-
Technology 30 Years) Hour per Year)
Coal 3,642 116
Photovoltaic 3231 175
Solar thermal 3,561 248
Wind 1,335 542

Source: Lester R, Brown, 1991,

FIGURE 20.28 Wind s the fastest growing power source in
the United States and represented more than 40 percent of new
installed capacity in 2010

In the past decade, total wind generating capacity has
increased nearly 20-fold making it the fastest growing energy
source in the world. With 190,000 MW of global installed capacity
in 2011, wind power produced about 400 TWhr of electricity. The
‘Wind Energy Association predicts that 1.5 million MW of capac-
ity could be possible by 2020. In 2009-2010, wind turbine prices
fell by about 25 percent. In many areas the cost of wind-generated
energy is already equal to that of coal power.

Wind does have limitations, however. Like solar energy,
it is an intermittent source. Furthermore, not every place has
strong enough or steady enough wind to make this an economi-
cal resource. Although modern windmills are more efficient than
those of a few years ago, it takes a wind velocity between 7 m per
second (16 mph) and 27 m per second (60 mph) to generate useful
amounts of electricity.

In2009 China passed Denmark, Germany, and Spain to become
the world's largest producer of wind turbines. Clean technology
provides more than 1 million Chinese jobs building equipment,
much of which is exported. In 2010, for the firsttime, more than half
the new wind energy was added outside Europe and North America.
“This was mainly driven by China, which installed 16.5 GW.

Although Denmark still provides a greater share of its lect
ity (20 percent) from wind than any other nation, the United States,

GW of wind farms, has the largest installed capacity—
for now. Steady, powerful winds give the United States a greater
‘potential for this energy source than any other industrialized coun-
try. American wind farms averaged 33 percent of their theoretical
potential in 2010. That compares very favorably with Germany and
China at about 16 percent, and India at only 10 percent. This means
thata U.S. wind farm produces about twice as much electricity per
year, on average, as the same size installation in Germany or China.

As the opening case study for this chapter shows, Europe is
focusing for indigenous renewable energy production on offshore
wind farms. Although the United States does have good wind
potential on the mid-Atlantic continental shelf, the bulk of North
America’s wind potential is situated on land (fig. 20.29). Com-
pared to offshore installations, which are costly because of the
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FIGURE 20.26 Hydropower dams produce clean renew-
able energy but can be socially and ecologically damaging.

dams. It is thought that 14 million Brazilians suffer from this
debilitating disease.

Rotting vegetation i artificial impoundments can have disas-
twous effects on water quality. When Lake Brokopondo in Suriname
flooded a large region of uncut rainforest, underwater decomposi-
tion of the submerged vegetation produced hydrogen sulfide that
Killed fish and drove out villagers over a wide area. Acidified water
from this reservoir ruined the turbine blades, making the dam use-
less for power generation. A recent study of one reservoir in Bra-
7il suggested that decaying vegetation produced more greenhouse
gases (carbon dioxide and methane) than would have come from
generating an equal amount of energy by burning fossil fuels.

In warm climates, large reservoirs often suffer enormous
water losses. Lake Nasser, formed by the Aswan High Dam in
Egypt, loses 15 billion m* each year to evaporation and seepage.
Unlined canals lose another 1.5 billion m’. Together these losses
represent one-half of the Nile River flow, or enough water to rri
gate 2 million ha of land. The silt trapped by the Aswan Dar for-
merly fertilized farmland during seasonal flooding and provided
nutrients that supported a rich fishery in the Delta region. Farmers
now must buy expensive chemical fertlizers, and the fish catch
has dropped almost to zero. As in South America, schistosomiasis
is an increasingly serious problem.

I big dams—our traditional approach to hydropower—have
50 many problems, how can we continue to exploit the great poten-
tial of hydropower? Fortunately, there is an altemative to gigan-
tic dams and destructive impoundment reservoirs. Small-scale,
Tow-head hydropower technology can extract energy from small
headwater dams that cause much less damage than larger projets
Some modern, high-efficiency turbines can even operate on run-
of-the-river flow. Submerged directly in the stream and small
enough not to impede navigation in most cases, these turbines
don’t require a dam or diversion structure and can generate useful
power with a current of only a few kilometers per hour. They also
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FIGURE 20.27 Solar collectors capture power only when
the sun shines, but hydropower is available 24 hours a day.

Smal turbines such s this one can generate enough power for a

single-family house with only 15 m (50 f)of head and 2001 (50 g)

per minute flow. The turbine can have up to four nozzles to handle
greater water flow and generate more power.

cause minimal environmental damage and don’tinterfere with fish
movements, including spawning migration. Micro-hydro genera-
tors operate on similar principles but are small enough to provide
economical power for a single home. If you live close to a small
stream o river that runs year-round and you have sufficient water
pressure and flow, hydropower is probably a cheaper source of
electricity for you than solar or wind power (fig. 20.27).

However, small-scale hydropower systems also can cause
abuses of water resources. The Public Utility Regulatory Policies
Act of 1978 included economic incentives to encourage small-
scale energy projects. As a result, thousands of applications were
made to dam or divert small streams in the United States. Many
of these projects have litle merit. All too often, fish populations,
aquatic habitat, recreational opportunites, and the scenic beauty
of free-flowing streams and rivers are destroed primarily to pro-
vide tax benefits for wealthy investors.

20.6 WIND

Wind power played a crucial role in the seting of the American
West, much of which has abundant underground aquifers, but litle
surface water. The strong, steady winds blowing across the prairies
provided the energy to pump water that allowed ranchers and farm-
ers to settle the land. By the end of the nineteenth century, nearly
every farm or ranch west of the Mississippi River had at least one
windmill, and the manufacture, installation, and repair of windills
was a major industry. The Rural Electrification Act of 1935 brought
many benefits to rural America, but it effectively killed wind power
development, and shifted electrical generation to large dams and
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by threats, displays of superior features (colors, size, dancing abil-
ity), or fighting equipment (tceth, claws, homs, antlers). Members
of the opposit sex are attracted to individuals that are able to seize
and defend the largest share of the resources. From a selective
point of view, these successful individuals presumably represent
superior members of the population and the ones best able to pro-
duce offspring that will survive.

Stress and crowding can affect reproduction
Stress and crowding also are density-dependent population control
factors. When population densities get very high, organisms often
exhibit symptoms of what i called stress shock or stress-related
diseases. These terms describe a loose set of physical, psychologi-
cal, and/or behavioral changes that are thought to result from the
stress of too much competition and oo close proximity to other
members of the same species. There is a considerable controversy
about what causes such changes and how important they are in reg-
ulating natural populations. The strange behavior and high mortal-
ity of arctic lemmings or hares during periods of high population
density may be a manifestation of stress shock (fig. 6.10). On the
other hand, they could simply be the result of malnutrition, infec-
tious disease, or some other more mundane mechanisim at work.
Some of the best evidence for the existence of stress-related
disease comes from experiments in which laboratory animals, usu-
ally rats or mice, are grown in very high densities with plenty of
food and water but very litle living space. A variety of symptoms
are reported, including reduced fertility, low resistance t0 infec-
tious diseases, and pathological behavior. Dominant animals seem
0 be affected least by crowding, while subordinate animals—
the ones presumably subjected to the most stress in intraspecific
interactions—seem o be the most severely affected.

Density-dependent effects can be dramatic

The desert locust, Schistocerca gregarius, has been called the
world’s most destructive insect. Throughout recorded human his-
tory, locust plagues have periodically swarmed out of deserts and
into settled areas. Their impact on human lives has often been so
disruptive that records of plagues have taken on religious signifi-
cance and made their way into sacred and historical texts.

Locusts usually are solitary creatures resembling ordinary
‘grasshoppers. Every few decades, however, when rain comes to
the desert and vegetation flourishes, locusts reproduce rapidly
uniil the ground seems to be crawling with bugs. High popula-
tion densities and stress bring ominous changes in these normally
innocuous insects. They stop reproducing, grow longer wings,
‘group together in enormous swarms, and begin to move across the
desert. Dense clouds of insects darken the sky, moving as much as
100 km per day. Locusts may be small, but they can eat their own
body weight of vegetation every day. A single swarm can cover
1,200 kn* and contain 50 to 100 billion individuals. The swarm
can strip pastures, denude trees, and destroy crops in a matier of
hours, consuming as much food in a day as 500.000 people would
need for a year. Eventually, having exhausted their food supply
and migrated far from the desert where conditions favor reproduc-
tion, the locusts die and aren't seen again for decades

FIGURE 6.10 Animals often battle over resources. This
‘conflict can induce stress and affect reproductive success.

Huge areas of crops and rangeland in northern Africa, the
Middle East, and Asia are within the reach of the desert locust
“This small insect, with its voracious appetite, can affect the live-
lihood of at least one-tenth of the world’s population. During
quiet periods, called recessions, African locusts are confined to
the Sahara Desert, but when conditions are right, swarms invade
countries as far away as Spain, Russia, and India. Swarms are
even reported to have crossed the Atlantic Ocean from Africa to
the Caribbean

Unusually heavy rains in the Sahara in 2004 created the
conditions for a locust explosion. Four generations bred in
rapid succession, and swarms of insects moved out of the des-
ert. Twenty-eight countries in Africa and the Mediterranean area
were afflicted. Crop losses reached 100 percent in some places,
and food supplies for millions of people were threatened. Offi-
cials at the United Nations warned that we could be headed toward
another great plague. Hundreds of thousands of hectares of land
were treated with pesticides, but millions of dollars of crop dam-
age were reported anyway.

‘This case study illustrates the power of exponential growth
and the disruptive potential of a boom-and-bust life cycle. Stress,
population density, migration, and intraspecific interactions all
play a role in this story. Although desert conditions usually keep
Tocust numbers under control, their biotic potential for reproduc-
tion is a serious worry for residents of many countries.

6.4 CONSERVATION BroLoGy

Small isolated populations can undergo catastrophic declines due
to environmental change, genetic problems, or stochastic (ran-
dom or unpredictable) events. A critical question in conservation
biology is the minimum population size of a rare and endangered
species required for long-term viability. While much is known
about species survival, much also remains to be discovered (sce
Exploring Science, p. 127). In this section, we'll look at some fac-
tors that influence the long-term likelihood of sustaining biodiver-
sity and species,
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Island biogeography describes

isolated populations

Ina classic 1967 study, R. H. MacArthur and E. O. Wilson asked
why it is that small islands far from the mainland generally have
far fewer species than larger o nearer islands. They proposed the
equilibrium theory of island biogeography, the idea that diversity
in isolated habitats depends on rates of colonization and extinc-
tion, which depend on the size or isolation of an island. Coloni-
zation by new species tends to be rare on remote islands, which
are hard to reach (fig. 6.11). At the same time, small islands have
smaller habitats than larger islands, and support fewer individuals
of any given species. These small populations are more likely to
20 extinet due to natural disasters, diseases, or demographic fac-
tors such as imbalance between sexes in a particular generation,
compared to larger populations. Larger islands are more likely to
sustain populations, and islands close to the mainland are readily
colonized by new species. Thus they tend to have greater diversity
than smaller, more remote places,

Island biogeographical patterns have been observed in many
places. I the Caribbean, for instance, Cuba s 100 times as large as
Monserrat and has about 10 times as many amphibian species. Sim.
ilarly, in a study of bird species on the California Channel

Islands, Jared Diamond observed that on islands with fewer

than 10 breeding pairs, 39 percent of the populations went
extinet over an 80-year period. In contrast, only 10 percent of
populations numbering between 10 and 100 pairs went extinct, and
o species with more than 1,000 pairs disappeared over this time
(fig. 6.12). This theory of a balance between colonization and
extinction, and the observation that small populations are especially
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FIGURE 6.11 Predicted species richness on an island resuting
from a balance between colonization (mmigration) and extinction by
natural causes. This isiand biogeography theory of MacArthur and
Wilson (1967) s used to explain why large islands near a mainiand
(Sw) tend to have more species than small far islands (Srs).

rce: Based on Macéviur and Wison, Tho Theory of iind Bogeography; 1967,
Princeton Unhersty Press
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likely to disappear, has been applied to explain species dynamics in
many small,isolated habitat fragments whether on islands or not.

Conservation genetics helps predict survival
of endangered species

Genetics plays an important role in the survival or extinction of
small isolated populations. In large populations, genetic variation
tends to persist in what is called a Hardy-Weinberg equilibrium,
named after the scientists who first described why this occus.
If mating is random, no mutations (changes in genetic material)
occur, and there is no gene in-flow or selective pressure for or
against particular trais, random distribution of gene types will
occur from sexual reproduction. That i, different gene types will
be distributed in the offspring in the same ratio they occur in the
parents, and genetic diversity i preservey

In a large population, these conditions for maintaining genetic
equilibrium are generally operative. The addition or loss of a few indi-
viduals or appearance of new genotypes makes litle diference in the
total gene pool, and genetic diversity s relatvely constant. In small,
isolated populations, however, immigration, mortality, mutations, or
chance mating events involving only a few individuals can greatly
alter the genetic makeup of the whole population. We call the gradual
changes in gene frequencies due to random events genetic drift.

For many species, loss of genetic diversity causes a number
of harmul effects that limit adaptability, reproduction, and species
survival. A founder effect or demographic hottleneck occurs
when just a few members of a species survive a catastrophic
event or colonize new habitat geographically isolated from other
members of the same species. Any deleterious genes present in
the founders will be overrepresented in subsequent generations
(fg. 6.13). Inbreeding, mating of closely related individuals, also
makes expression of rare or recessive genes more likely.

Some species seem not to be harmed by inbreeding or lack
of genetic diversity. The northern elephant seal, for example, was
reduced by overharvesting a century ago, to fewer than 100 indi-
viduals. Today there are more than 150,000 of these enormous
animals along the Pacific coast of Mexico and California. No
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FIGURE 6.12 Extinction rates of bird species on the Galfornia

Channel Islands as a function of population size over 80 years.

‘Source: H. L Jonos and J. Damond, *Shorttom-£3so tuds of enover in brocc
ing bid popuiaions on the Calfomia coast sland.” in Conder, vo. 78:526-49, 1976,
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Can Biofuels Be Sustainable?

Biofuels (alcohol refined from plant material
or diesel fuel made from vegetable oils or ani-
mal fats) might be the answer to both our farm
crisis and our fuel needs. But do these crops
represent a net energy gain? Or does it take
more fossil fuel eneray to grow, harvest, and
process crop-based biofuels than you get back
i the finished product? The answer depends on
the assumptions you make in calculating net
energy yields. How much eneray does it take
to grow crops, and what crop harvest can you
expect? What retun do you assume for fer-
mentation, and what credit do you assign for
recycled heat or useful by-products?

For years David Pimental from Comell
University has published calculations showing
a net eneray loss in biofuels. In 2005 he was
joined by Tad Patzek from the University of
Galifornia-Berkeley in claims that it takes
29 percent more energy to refine ethanal from
com than it yields. Soy-based biodiesel is
equally inefficient, these authors maintain, and
cellulose-based biofuels are even worse.
Switchgrass and woodchips take at least
50 percent more energy than they produce as
ethanol, according to their calculations.

A counterargument came from Bruce Dale
of Michigan State University and John Sheehan
from the U.5. National Renewable Energy Labo-
ratory, who maintain that biofuels produced by
modern techniques represent a positive eneray
return. They say that Pimental and Patzek used
outdated data and unreasonably. pessimistic
assumptions in making their estimates. Dra-
matic improvements in farming productivity,
coupled with much greater efficiency in etha-
nol fermentation, now yield about 35 percent
more energy in ethanol from com than is con-
sumed in_growing and harvesting the crop.
A major difference between the outcomes is
how far back you assign costs. Is the energy
used to manufacture farm equipment included,
or only that which is needed for fermentation
and purification? Pimental and Patzek assume
this eneray comes from fossil fuels, but Dale
and Sheehan argue that fermentation waste

can be bumed to make manufacturing more
efficient, as is already being done i Brazil.

A valuable adition to this debate comes
from the work of ecologist David Tilman and
his colleagues at the Cedar Creek Natural His-
tory Area in Minnesota. This group studies the
effects of biodiversity on ecosystem resilience.
They have shown that plots with high species
diversity have greater net productivity than
species grown in a monoculture. Tilman sug-
gests that diverse mixtures of native perennial
plants could grow on marginal land with far
lower inputs of water, nutrients, and less fossil
fuels for planting, cultivation, and weed-control
than grains such as soy or com. Tilman and his
colleagues calculate a com-based ethanol net
energy ratio of 1.2, while cellulosic ethanol
from prairie species can yield about 5.4 times
a5 much eneray as it takes to grow, harvest,
and process the crop.

T 2009 Tilman joined with economist Ste-
ven Polasky and oters to compare a broader set:
of environmental and health considerations for
different biofuels. They calculated the climate-
change and health costs of different crops. An
important assumption in this study s that diver-
sion of food crops, such as soy and com, to
biofuel production results in prairie and forest
destruction when food shortages and rising prices
force peoplein developing countries to seek new
land for agriculture. This land conversion creates
2 carbon deb that can take centuries to balance
against the higher efficency of the biofuel.

The greatest debt, according to-these
authors, is fom palm oil grown on tropical
peatlands, which would take 423 years to repay.
Com_ethanol, in these calcuations, would
take 93 years to repay if its cultvation results
in conversion of existing grasslands. Prairie
grasses grown on marginal land with minimel
nputs, according to this study, would have no
carbon deb. When Tilman and his colleagues
add up health costs (from fine  particulate
materials released during processing) and cli-
mate costs (from rlease of greenhose gases),
they calculate that a billion-gellon increase
in fuel consumption (about the U.S. growth
between 2006 and 2007) would cost $469 mil-
tion for gasoline, between $472 million and
5952 millon for com ethanol (depending on
biorefinery technology and ezt source), but
only $123 million to $208 million for cellulosic
ethanol.

These conclusions were immediately chal-
tenged by Adam Liska and his colleagues from
the University of Nebraska, who claim that Til-
man and his colleagues used outdated data
for their net energy yields. Modern refineres,
this group claims, produce 1.8 times as much
energy in com ethanol as the crop inputs. They
didn't address other health or environmental
efects, hovever.

Obviously, there are many assumptions in
all these studies. If you were aske to calculate
the yilds and effcts of vrious biofuels, where
would you start?

Biomass Fuel Efficiency

Fuel Inputs (GI/ha) __Outputs (G3/ha) _ Net Energy Ratio
Com ethanol 750 938 12
Soy ethanol 150 289 19
Cellulosic electricity 40 20 55
Cellulosic ethanol 40 218 54
Cellulosic synfuel 40 324 81

Source: Timan et al 2006, Scierce 31461596,

There are other problems with big dams, besides human
displacement, ecosystem destruction, and wildlife losses. Dam
failure can cause catastrophic floods and thousands of deaths.
Sedimentation often fills reservoirs rapidly and reduces the use-
fulness of the dam for either irrigation or hydropower. In China,

the Sanmenxia Reservoir silted up in only two years, and the
Laoying Reservoir filled with sediment before the dam was even
finished. Schistosomiasis, caused by parasitic flatworms called
blood flukes (chapter 8), is transmitted to humans by snails
that thrive in slow-moving, weedy tropical waters behind these
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FIGURE 20.25 Miscanthus x giganteus is a perennial

grass that can grow 3 or 4 meters in a single season. It thrives on
marginal land with litte fertlzer or water and can produce

five times as much biomass as corn.

And because it stores far more carbon in the soil than other crops,
Miscanthus may be eligible for climate offset credits.

Currently, there are no known diseases or pests for Miscan-
thus. However, Professor . Raghu and his colleagues at the Uni-
versity of Illinois point out that the characteristics that make it
an attractive energy crop—rapid growth, highly efficient photo-
synthesis, low need for nutrients, no known pests, high water-use
efficiency—also make it a good candidate to become an invasive
pest. The fact that the variety being tested for growth in the United
States is a sterile hybrid may make it less likely to spread, but
there are cases of invasives that spread vegetatively.

Harvesting, storing, and shipping biomass crops remains a
problem. The low energy content of straw or wood chips, cor
pared 10 oils or sugars, makes it prohibitively expensive o ship
them more than about 50 km to a refinery. We might need to have
a very large number of small refineries if we depend on cellulosic
ethanol. Interestingly, some authors claim that you could drive a
hybrid automobile about twice as far on the elecricity generated
by burning a ton of dry biomass than you could on the ethanol
fermented from that same ton. So, burning biomass may sill be
a better solution than fermentation if we move to hybrid engines.

Could algae be a hope for the future?

Algae might be an even more productive biofuel crop than
any we've discussed so far. While Miscanthus can yield up to
13,000 liters (3,500 gal) of ethanol per hectare, some algal speci
growing in a photobioreactor might theoretically produce 30 times
as much high-quality oil. This is partly because single-celled algac
can grow 30 times as fast as higher plants. Furthermore, some
algae store up to half their total mass as oil. Photobioreactors are
much more expensive to build and operate than planting crops,
but they could be placed on land unsuitable for agriculture and
they could use recycled water. Open ponds are much cheaper than
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photobioreactors, but they also produce far less biomass per unit
area. So far,the actual yield from algal growth facilities is actually
about the same as Miscanthus.
One of the most intriguing benefits of algal growth facilities is
that they could be placed next to conventional power plants, where
‘0, from burning either fossil fuels or biomass could be captured
and used for algal growth. Thus, they'd actually be carbon nega-
tive: providing a net reduction in atmospheric carbon while also
creating useful fuel,

n algal bioreactor started producing biodiesel in South
Africa in 2006, and one in Brazil aims to start trapping CO, from a
coal-fired power plant soon. A number of U.S. companies, includ-
ing Solix Biofuels, Sapphire Energy, OriginOil, PetroAlgae, and
Shell Oil, are exploring algal biofuels. In 2009 Japan Airlines
made a test flight using a combination of jet fuel and algal oils
Another tantalizing fact is that some algae produce hydrogen gas
as a photosynthetic by-product. If fuel cells ever become economi-
cally feasible, algae might provide them with a good energy source
that doesn’t depend on fossil fuels.

20.5 HYDROPOWER

‘The winds, waves, tides, ocean thermal gradients, and geothermal
areas are renewable energy sources. Although available only in
selected locations, these sources could make valuable contribu-
tions to our total energy supply.

Falling water has been used as an energy
source since ancient times

“The invention of water turbines in the nineteenth century greatly
increased the efficiency of hydropower dams. By 1925, falling
ater 40 percent of the worlds Since then,
hydroelectric production capacity has grown 15-fold, but fossil fuel
use has risen so rapidly that water power is now only 20 percent
of tota electrical generation. Still, many countres produce most of
their electricity from falling water (fig. 20.26). Norway. for instance,
depends on hydropower for 99 percent of s elecricity. Currently
total world hydroelectric production is about 3,000 terrawatt hours
(10" Whr). Six countries—Canada, Brazil, the United States,
China, Russia, and Norway—account for more than half that otal.
In fact, of the approximately 50,000 dams in the world taler than
15 m (45 1), roughly half are in China. Untapped hydro resources
are still abundant in Latin America, Central Africa, India, and China.
uch of the hydropower development in recent years has been
in enormous dams. There is a certain efficiency of scale in giant
dams, and they bring pride and prestige 1o the countries that build
them, but, as we discussed in chapter 17, they can have unwanted
social and environmental effects. The largest hydroelectric dam in
the world at present s the Three Gorges Dam on China’s Yangtze
River, which spans 2 km and i 185 m (600 ft)tall. Designed to gen-
erate 25,000 MW of power, this dam produces as much energy as
25 large nuclear power plants. The r

atleast 1.5 million people and submerged 5,000 archaeological sites.
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How do you count tuna?

Population data are necessary for
understanding population stabil-
ity. Collecting these data is hard
in any population, but it espe-
cilly difficult when the species
live far out in the open ocean,
migrate widely, and are rarly seen
except by fishing boats that catch
them.

Most ocean fish data come
from fishing records. A decline
in average size, in number of
adlts, or in size at spawning age
indicates that a_population is
being overfished. The bluefin tuna
has shown evidence of all these
effects. At Tokyo's Tsukii fish
market, the average weight of a
bluefin has fallen since the 19805
from 100-160 kg to just 50 kg
today. The proportion of fish

An observer measures a big-eye tuna.

data to a satelite and then to the
researcher's computer, or tags can be
vetured i fish are caugh.

Tagging studies have revealed
the astonishing distances ~tuna
travel, where they go, their pre-
ferred feeding grounds, and their
fidelity to their home spawning
grounds. Ideally, this. information
can be used to designate no-fishing
sanctuaries in spawning grounds,
as well as provide information on
basic.population_biology. Mapping
tag locations also showed that the
western Atlantic and Mediterranean
bluefin_ populations were. distinct
and that they prefer different types
of spawning conditions.

Information such as this gives
consenvation scence 2 new toolfor try-

to save a species and the ecosys-

younger than 1 year has increased, and the pro- Electronic tags can record factors such as the tem that depends on it.

portion of larger, older fish has fallen sharply. location from satellite readings or water pres- For more information, see Barbara A.
Another, newer approach s to attach sat-  sure (2 measure of depth in the water). Tags can  Block, et al. 2005. Electronic tagging and

elite tracking tags, small, plastic-coated rods  be designed to float to the surface i they are population structure of Atlantic bluefin tuna.

inserted into the fish's side just below a fin. released from the fish, and to transmit recorded Nature 434: 1121-1127.

marine mammal is known to have come closer to extinction and
then made such a remarkable recovery. All northern elephant seals
today appear to be essentially genetically identical and yet they
seem (o have no apparent problems. Although interpretations of
their situation are controversial, in highly selected populations,
where only the most fit individuals reproduce, or in which there
are few deleterious genes, inbreeding and a high degree of genetic
identity may not be such a negative factor

Cheetahs, also, appear (o have undergone a demographic
botleneck sometime in the not-too-distant past. All the male chee-
tahs alive today appear to be nearly genetically identical, suggest-
ing that they all share a single male ancestor (fig. 6.14). This lack
of diversity is thought to be responsible for an extremely low fer-
tlity rate, a high abundance of abnormal sperm, and low survival
rate for offspring, al of which threatens the survival of the species.

Population viability analysis calculates
chances of survi

Conservation biologists use the concepts of island biogeography,
genetic drift, and founder effects to determine minimun viable
population size, or number of individuals needed for long-term
survival of rare and endangered species. A classic example is that

fenec Subsequent
population (crasti recuction  incividuals generations
in population)
FIGURE 6.13 Genetic drift: the bottleneck effect. The par-
ent population contains roughly equal numbers of blue and yellow
individuals. By chance, the few remaining indviduals that com-
prise the next generation are mostly blue. The bottieneck ocours
because so few individuals form the next generation, as might
happen after an epidemic or catastrophic storm.
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FIGURE 6.14 Sometime in the past, cheetahs underwent a
severe population crash. Now all male cheetahs alive today are
nearly genetically identical, and deformed sperm, low fertity
levels, and low infant survivel are common in the species.

of the grizzly bear (Ursus arctos horribilis) in North America.
Before European settlement, grizzlies roamed from the Great
Plains west to California and north to Alaska. Hunting and habi-
tat destruction reduced the number of grizzlies from an estimated
100,000 in 1800 to less than 1,200 animals i six separate subpop-
ulations that now occupy less than 1 percent of the historic range.
Recovery target sizes—based on estimated environmental carry-
ing capacities—call for fewer than 100 bears for some subpopu-
lations. Conservation genetics predicts that a completely isolated
population of 100 bears cannot be maintained for more than a few
generations. Even the 600 bears now in Yellowstone National Park
will be susceptible to genetic problems if completely isolated.
Interestingly, computer models sugges! that translocating only two
unrelated bears into small populations every generation (about
ten years) could greatly increase population viability.

For mobile organisms, separated populations can have gene
exchange if suitable corridors or migration routes exist. A meta-
population is a collection of populations tht have regular or inter-
mittent gene flow between geographically separate units (fig. 6.15).
For example, the Bay checkerspot butterfly (Euphydrays editha
bayensis) in California exists in several distinct habitat patches.

-
~em

FIGURE 6.15 A metapopulation is composed of several local
populations linked by reqular (solid arrows) or occasional (dashed
lnes) gene flows. Source populations (ark) provide excess indi-
viduals, which emigrate to and colonize sink habitats (igh).

Individuals occasionally move among these paiches, mating with
existing animals or recolonizing empty habitats. Thus, the appar-
ently separate groups form a functional metapopulation.

A “source” habitat, where birth rates are higher than death
rates, produces surplus individuals that can migrate to new loca-
tions within a metapopulation. “Sink” habitats, on the other hand,
are places where mortality exceeds birth rates. Sinks may be spa-
tially larger than sources but because of unfavorable conditions, the
species would disappear in the sink habitat if it were not periodi-
cally replenished from a source population. In general, the larger
a reserve is, the beter it is for endangered species. Sometimes,
however, adding (o a reserve can be negative if the extra area is
largely sink habitat. Individuals dispersing within the reserve may
settle in unproductive areas if better habitat s hard to find. Recent
studies using a metapopulation model for spotted owls predict just
such a problem for this species in the Pacific Northwest. These
endangered owls may end up in habitat patches where they cannot
survive, as the once-continuous forest of the Pacific Northwest is
reduced to smaller fragments. In this case and many others, con-
servation biology and population biology are helping to inform
and shape policy for conserving species.

CONCLUSION

Given optimum conditions, populations of many organisms can
grow exponentially; that i, they can expand at a constant rate per
unit of time. This biotic potential can produce enormous popula-
tions that far surpass the camying capacity of the environment if
Teft unchecked. Obviously, no population grows at his rate forever
Sooner or later, predation, disease, starvation, or some other factor
will cause the population to crash. Not all species follow this
boom-and-bust pattern, however. Most top predators have intrinsic
factors that limit their reproduction and prevent overpopulation.
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Overharvesting of species, habitat destruction, predator e
ination, introduction of exotic species, and other forms of human
disruption can also drive populations to boom and/or crash. Pop-
ulation dynamics are an important part of conservation biology.
Principles, such as island biogeography, genetic drift, demo-
graphic bottlenecks, and metapopulation interactions are critical
in endangered species protection.
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FIGURE 20.23 More than 100 ethanol plants distill biofuels
from corn and other grains in the United States.

more than 100 new refineries have been built, and U.S. ethanol
production has grown from about 500 million liters to 30 billion
liters per year (fig. 20.23). The United States and Brazil now pro-
duce about 95 percent of all the ethanol in the world. A sudden
collapse in oil prices in 2008, however, bankrupted many U.S.
ethanol producers and casts doubt on continued growth in this
area. There has been a great deal of debate about the net energy
yield and environmental costs of ethanol from corn (sce Exploring
Science, p. 463), but everyone agrees that cellulosic ethanol—if
we can find ways to produce it economically—would have consid-
erable environmental, social, and economic advantages over using
edible grains or sugar crops for trans
put the bulk of the energy they capture from the
sun and a related polym which are
made of long chains of simple sugars. Woody plants add a sticky
glue, called lignin, to hold cells together. If we can find ways to
economically release those simple sugars so they can be fermented
into ethanol or other useful liquid fuels, we could greatly increase
the net energy yield from all sorts of crops. But its difficult. If it
were easy for microbes to dismantle woody material, we probably
wouldn't have forests or prairies—the landscape would simply
be covered with green slime. A number of techniques have been
proposed for extracting sugars from cellulosic materials. Most
involve mechanical chopping or shredding followed by treatment
with bacteria or fungi (or enzymes derived from them).

0 far, there are no commercial-scale cellulosic ethanol fac-
tories operating in North America, but the Department of Energy
has provided $385 million in grants for six cellulosic biorefinery
plants. These pilot projects wil test a wide variety of feedstocks
including rice and wheat straw, milo stubble, switchgrass hay,
almond hulls, corn stover, and wood chips.

Switchgrass (Panicum virganum) a tall grass native to the
Great Plains, has been one recent focus of attention. Switcherass
a perennial, with deep roots that store carbon (and thus cap-
ture atmospheric greenhouse gases). Long-lasting perennial roots

hold soil in place, unlike annual corn crops that require tllage for
planting and weed control. Fewer trips through the field with a
tractor or cultivator require much less fuel and improve net energy
yield (fig. 20.24)

An even better biofuel crop may be Miscanthus x giganteus,
a perennial grass from Asia. Often called elephant grass (although
this name is also used for other species). Miscanthus is a strile,
hybrid grass that grows 3 or 4 meters in a single season (fig. 20.25).
Europeans have been experimenting with this species for several
decades, but it has only recently been introduced to the United
States. Miscanthus can produce at least five times as much dry
biomass per hectare as corn. Part of the reason for this is that Mis-
canthus starts growing four to six weeks earlier in the spring than
com, and stays green a month or so longer in the fall. This lon-
‘ger growing season, coupled with the nutrients and energy stored
in underground rhizomes, gives this giant grass a huge advantage
compared to annual crops, such as corn. Its perennial growth and
Tong-lasting canopy also protect the soil from erosion and require
much less fuel for cultivation.

Where using con or switchgrass (o produce enough ethanol
to replace 20 percent of U.S. gasoline consumption would take
about one-quarter of all current U.S. cropland out of food pro-
duction, Miscanthus could produce the same amount on less than
half that much area. And it wouldn't ned to be prime farm fields.
Miscanthus can grow on marginal soil with far less fertlizer than
com needs. In the fall, Miscanthus moves nutrients into under-
ground rhizomes. This means that the standing stalks are almost
enirely cellulose and next year's crop needs very litle fertilizer.

Nt yield (Iters/ha)

ol paim [
Sugarcane |-
com -
Switchgrass [
Poplar |-
Miscanthus [~
Algae (pond) -

FIGURE 20.24 Proven biofuel sources include oil paims,
sugarcane, and com grain (maize). Other experimental sources
may produce better ields, however.

om E. Mars, 2005, Nature 4441870-678.
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Source Product Process Fuel

Oilssedcrops ~ Ols ~ —>  Chemical  Biodiesel
Ago T
Sugarcrops —— Sugars —— — Ethanol

Biological —> Butanol

Grains  ——>Starch  —— — Methane
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Agricultural ‘and lignins
waste Process heat

FIGURE 20.21 Methods for turning biomass into fuel

some cases the oil needs only minimal cleaning to be used in a
standard diesel engine. Yields per hectare for many of these crops
are low, however. It would take a very large land area to meet our
transportation needs with soy or sunflowers, for example. Further-
more, diversion of these oils for vehicles deprives humans of an
important source of edible oils.

Ol palms are eight 1o ten times more productive per unit area
than soy or sunflower (although palm fruit is more expensive to har-
vest and transport). Currently millions of hectares of species-rich
forests in Southeast Asia are being destroyed to create palm oil plan-
tations. Indonesia already has 6 million ha of palm oil plantations
and Malaysia has nearly as much. Together these two countries pro-
duce nearly 90 percent of the world's palm oil. Buming of Indone-
sian forests and the peat lands on which they stand currently releases
some 1.8 bllion tons of carbon dioxide every year. Indonesia is cur-
vently third in the world—behind the United States and China—in
human-made grecnhouse gas emissions. Ateast 100 speces, inlud-

dthe are threat-
ened by habitat loss linked to palm oil expansion. In 2011, however,
Indonesia signed an agreement with Norway 10 proteet its foresis in
exchange for $1 billion in development aid (see chapter 12).

A shrubby tree called Jatropha curcas has recently been pro-
moted as a good alternative to both oil palm and soybean oil. This
native of Mexico and the Caribbean, has nuts with  high (but foxic)
oil content that can be easily converted to diesel fuel. Indian
dists have bred prolific new varieties they claim grow well on mar-
ginal soil with few inputs. Field tests suggested that Jatropha might
produce as much as 15,000 liters of oil per hectare (1,600 gal per
acre or about three times as much as palm oil). India has set aside
50 million ha (123 million acres) of land for Jatropha that it hopes
will provide 20 percent ofits diesel fuel. In 2008, Air New Zealand
flew a Boeing 747 using a 50-50 blend of Jaropha oil and aviation
fue. But test planins n oher aress suggest hut Jatrpha necds
more water fertilizer, i

Cellulosic ethanol may offer hope for the future

Crops such as sugarcane and sugar beets have a high sugar content
that can be fermented into ethanol, but sugar s expensive and the
yields from these crops are generally low, especially in temper-
ate climates. Starches in grains, such as com, have higher yields
and can be converted into sugars that can be turned by yeast into
ethanol (this i the same process used to make drinking alcohol),
butanol (which burns in engines much like gasoline), or methanol
(fig. 20.22). The idea of burning ethanol in vehicles isn’t new.
Henry Ford designed his 1908 Model T to run on ethanol.

e need to move away from imported oil has created boom
times for com-based ethanol production in America. Since 1980

Grain

)

Milled Steamed

Processing
« converts starch/cellulose o sugar
« reduces bacteria

—— Yeast

Fermentation
* converts sugar to alcohol

Distlation
N
l T by

Dehycration
« removes water, produces
% (200 proof) ethanol.
« Denaturant added o make
product undrinkable.

FIGURE 20.22 Ethanol (or ethyl alcohol) can be produced
from a wide variety of sources. Maize (corn) and other starchy
grains are milled (ground) and then processed to convert starch to
sugar, which can be fermented by yeast into alcohol. Distilation
removes contaminants and yields pure alcohol. Celulosic crops,
such as wood or grasses, can also be converted into sugars,

but the process is more difficult. Steam biasting, alkaline hydro-

has lower yield than promised. As 50 often happens, what's touted
as a miracle solution may not be so great when we look closer.
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Iysis, tic conditioning, and acid pretreatment are a few of
the methods for breaking p woody material. Once sugars are
released, the processes are similr.
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REVIEWING LEARNING OUTCOMES
By now you should be able to explain the following points:
6.1 Describe the dynamics of population growth.

+ We can describe growth symbolically.

« Exponential growth describes continuous change.

+ Exponential growth leads (o crashes.

« Logistic growth slows with population increase.

« Species respond to limits differently: - and K-selected species.

6.2 Summarize the BIDE factors that increase or decrease
populations.
« Natalty, fecundity, and fertility are measures of birth rates.
« Immigration adds to populations.

+ Emigraton removes members of 4 population

6.3 Compare and contrast the factors that regulate population

« Population factors can be density-independent.
+ Population factors also can be density-dependent
« Density-dependent effects can be dramatic.

6.4 Identify some appllcanons of population dynamics in conser-
vation biology.
« Island bmg:nguphy describes isolated populations.
« Conservation genetics helps predict survival of endangered species.
« Population viability analysis caleulates chances of survival,
« Metapopulations are connected.

PRACTICE QUIZ

1. What factors caused the collapse of bluefin tuna populations?

2. Define exponential growth and logistic growth.

3. Explain these terms: r, N, 1, dN/dt.

4. What i resistance? How does it a lations?

5. List five or six ways r-selected species tend o differ from
K-selected species.

6. Describe three major types of survivorship paterns and
explain what they show about a species’ role n its ecosystem.

=

. What are the main interspecific population regulatory inter-
actions? How do they work?

. What i island biogeography and why is it important in con-
servation biology?

©

. Why does genetic diversity tend to persist in large popula-
tions, but gradually drift or shift in small populations?

s

Explain the following: metapopulation, genetic drif, demo-
graphic botleneck.

CRITICALTHINKING AND DISCUSSION QUESTIONS

1. Compare the advantages and disadvantages to a species that
result from exponential or logistic growth. Why do you think
hares have evolved to reproduce as rapidly as possible, while
lynx appear to have intrinsic or social growth limits?

2. Are humans subject to environmental resistance in the same
sense that other organisms are? How would you decide
whether a particular factor that limits human population
‘growth is ecological or social?

3. What are advantages and disadvantages in living longer or
reproducing more quickly? Why hasn't evolution selected for
the most advantageous combination of characteristcs so that
all organisms would be more or less alike?

4. Why do abiotic factors that influence population growth tend
to be density-independent, while biotic factors that regulate
population growth tend to be density-dependent?

. Some people consider stress and crowding studies of labora-
tory animals cable in understanding human
behavior. Other people question the cross-species transfer-
ability of these results. What considerations would be impor-
tant in interpreting these experiments?

. What implications (if any) for human population control
might we draw from our knowledge of basic biological pop-
ulation dynamics?

EN
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jces Comparing Exponential to Logistic
ﬁ & alySI st Population Growth

Exponential growth occurs in  series of time steps—days, months,
years, or generations. Imagine cockroaches in a room multiplying
(or some other species, if you must). Picture a population of ten
cockroaches that together produce enough young to increase at a
rate of 150 percent per month. What s r for this population?

o find out how this population grows, fill out the table
shown. (Hint: r remains constant.) Remember, for time step 0

(the first month), you begin with ten roaches, and end (N,) with
a larger number that depends on 1; the intrinsic rate of growth.
‘The beginning of the second time step (1) starts with the num-
ber at the end of step 0. Round N to the nearest whole number
When you are done, graph the results. At the end of 7 months,
how large did this population become? What s the shape of the
growth curve?

300
Time Step Begin Step Intrinsic Growth End Step 8
) e Rate (1 () 5250
0 10 15 £ 200
1 8150
2 s
3 5 100
H
4 E 50
5 z
0
6 01 2 3 4 5 6 7
7 Time (months)
= 3 ) m .
l alyS'I S¢ Experimenting with Population Growth
&
“The previous data analysis lets you work through an example of Ly
population growth by hand, which is an important strategy for —m—
understanding the equations you've seen in this chapter.

Now try experimenting with more growth rates in an Excel o e Populationsize |
“model.” What value of r makes the graph extremely steep? What [ B —— B
value makes it flat? Can you model a declining population? 3 mw - |

Go to www.mhhe.com/cunningham12e, and find the Data e . |
Analysis option for this chapter. There you can download an Excel i |
workbook and experiment with different growth rates. T - I

= |
A — .
i T
For. This Chapter.
e o B ot

reacding ist,all of ich vl el you e enieonmental scence.
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Gas to purification

FIGURE 20.19 Continuous unit for converting organic
material to methane by anaerobic fermentation. One kilogram of
dry organic matter will produce 1-1.5 m? of methane, or
2,500-3,600 millon calories per metric ton,

municipal landfills are active sites of methane production, con-
tributing as much as 20 percent of the annual output of methane
to the atmosphere. This is a waste of  valuable resource and a
threat to the environment because methane absorbs infared radia-
tion and contributes to the greenhouse effect (chapter 15). About
300 landsills in the United States currently bur methane and gen-
erate enough electricity together for a million homes. Another
600 landiills have been identified as potential sources for meth-
ane development. Hydrologists worry, however, that water will be
pumped into landfills to stimulate fermentation, thus increasing
the potential for groundwater contamination.

Cattle feedlots and chicken farms in the United States are a
tremendous potential fuel source. Collectible crop residues and
feedlot wastes each year contain 4.8 billion gigajoules (4.6 quadsil-
lion Bus) of energy, more than all the nation’s farmers use. The
Haubenschild farm in central Minnesota,for instance, uses manure
from 850 Holsteins to generate all the power needed for their dairy
operation and still have enough excess electricity for an additional
80 homes. In January 2001 the farm saved 35 tons of coal and,
1,200 gallons of propane, and made $4,380 from electric sales.

A number of colleges around the United States are wean-
ing themselves off fossil fuels. In Vermont, Middlebury College
feeds locally harvested wood chips into a gasification plant that
provides both heat and electriity to the campus. It will reduce
the schools carbon footprint about 40 percent. And the University
of New Hampshire in Durham plans to provide 80 percent of its
heating and electrical needs by buying and burning methane gas
given off by a landSill a few miles away. At the University of Min-
nesota’s Morris campus, a gasification plant uses about 1,700 tons
of com stover (stalks and cobs) and other local agricultural waste

every year to provide as much as 80 percent of the school’s heating
and cooling needs, while a wind turbine provides most of its elec-
wicity. Together these alternative energy systems replace at least
$1 million per year in fossil fuels (mostly natural gas) and could
make the campus not only carbon neutral but even carbon negative
in a few years. These are just a few of the efforts across the coun-
try of campuses to “walk the walk” by not only teaching about
environmental issues but also by changing the way they operate.
Altogether, 614 colleges and universites representing about one-
third of the students in the United States have made a commitment
0 reduce their carbon footprint. Could you convince the adrinis-
tration at your school to join this movement?

Ethanol and biodiesel can contribute
to fuel supplies

Biofuels, such as ethanol and biodiesel, are by far the biggest
recent news in biomass energy. Globally, production of these two.
fuels is booming, from Brazil, which gets about 40 percent of its
transportation energy from ethanol generated from sugarcane, to
Southeast Asia, where millions of hectares of tropical forest have
been cleared for palm oil plantations, to the United States, where
about one-fifth of the com (maize) crop currently is used to make
ethanol (fig. 20.20). In 2009 President Obama proposed spending
$150 billion over 10 years to develop renewable fuels and create
5 million “green collar” jobs. He supported a plan to increase ethi-
nol production i the United States from 9 billion to 36 billion gal-
Tons per year (30 billion to 136 billion lters) by 2022. However, it
would take the entire U.S. com crop to produce that much ethanol
from com. We need to find other ways to create biofuels.

Crops with  high oil content, such as soybeans, sunflower
seed, rape seed (usually called canola in America), and palm oil
fruits are relatively easy to make into biodiesel (fig. 20.21). In

FIGURE 20.20 No room was available in elevators to store
the bumper corn harvest in 2010. Millons of bushes sat in the
‘open, much of which was slated to be made into ethanol.
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Even in rich countries, fuelwood and other biomass sources
are becoming increasingly popular in the face of rising oil prices.
Many homeowners have installed wood-burning stoves or out-
door boilers to replace fossil fuels. This can be good for your
pocketbook, but the smoke can be noxious for your neighbors.
In Oregon’s Willamette Valley or in the Colorado Rockies, where
woodstoves are popular and topography concentrates contami-
nants, as much as 80 percent of air pollution on winter days is
attributable to wood fires. Some cities and towns have banned
installation of new fireplaces or stoves.

Stil, biomass can make a significant contribution to renewable
energy supplies. In Denmark, the energy-independent islands of
Samsgband A get about half their space heating from biomass, both
from agricultural wastes (such as straw) and biomass crops, such as
reeds and elephant grass growing on land unsuitable for crops (all the
test comes from solar and wind). Buming these crops in an indus-
trial boiler for district heating makes it easier to install and maintain
pollution-control equipment than in individual sioves. Most plant
material has low sulfur, 5o it doesn’t contribute to acid rain. And
because it burns at a lower temperature than coal, it doesn’t create as

. Of course, th i
s, they absorb as much CO, in growing as they emit when bumed.

Some utilities are installing “flex-fuel” boilers in their power
plants that can burn wood chips, agricultural waste, or other biomass
fuels (fig. 20.18). As chapter 19 poinis ou, co-combustion of coal
together with biomass can have benefits over burning cither alone.
Including biomass in the mix reduces greenhouse gas emissions,
while also improving combustion properties. Even higher efficiencies
can be achieved by capturing waste heat for beneficial use. A distict
heating plant in St. Paul, Minnesota, for example, uses 275,000 tons

FIGURE 20.18 This Michigan power plant uses wood chips
1o fuel its boilers. Where wood supplies are nearby, this is a good
choice both economically and environmentaly.
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of wood per year (mostly from urban trees killed by storms and dis-
ease) to provide heating, air conditioning, and electicity to 25 million
square feet of offices and living space in 75 percent of all downtown
buildings. Although the efficiency of electrical generation inthis plant
is ess than 40 percent (as it is in most power plants), the net yield is
about 80 percent because waste heat is used rather than

Methane from biomass is clean and efficient

Where wood and other fuels are in short supply, peaple often
dry and bum animal manure. This may seem like a reason-
able use of waste biomass, but it can intensify food shortages in
poorer countries. Not putting this manure back on the land as
fertilizer reduces crop production and food supplies. In India, for
example, where fuelwood supplies have been chronically short
for many years, a limited manure supply must fertlize crops
and provide household fuel. Cows in India produce more than
800 million tons of dung per year, more than half of which i dried
and burned in cooking fires. If that dung were applicd to fields
as fertilizer, it could boost crop production of edible grains by
20 million tons per year, enough to feed about 40 million people.

When cow dung is burned in open fires, however, more than
90 percent of the potential heat and most of the nutrients are lost.
Compare that to the efficiency of using dung to produce methane
gas, an excellent fuel. In the 1950s, simple, cheap methane digest-
ers were designed for villages and homes, but they were not widely
used. Now, however, 35 million Chinese houscholds use biogas
for cooking and lighting, and that number is expected to double in
20 years. Two large municipal facilities in Nanyang will soon pro-
vide fuel for more than 20,000 families. Perhaps other countries
will follow China’s lead.

Methane gas is the main component of natural gas. It s pro-
duced by anaerobic decomposition (digestion by anaerobic bacte-
ria) of any moist organic material. Many people are familiar with
the fact that swamp gas is explosive. Swamps are simply large
methane digesters, basins of wet plant and animal wastes sealed
from the air by a layer of water. Under these conditions, organic
materials are decomposed by anaerobic (oxygen-free) rather than
aerobic (oxygen-using) bacteria, producing flammable gases
instead of carbon dioxide. This same process may be reproduced
artificially by placing organic wastes in a container and providing
warmth and water (fig. 20.19). Bacteria are ubiquitous enough to
tar the culture spontaneously

Burning methane produced from manure provides more heat
than burning the dung tself, and the sludge left over from bacterial
digestion is a rich fertilizer, containing healthy bacteria as well as
most of the nutrients originally in the dung. Whether the manure
is of livestock or human origin, airtight digestion also eliminates
some health hazards associated with direct use of dung, such as
exposure to fecal pathogens and parasites,

How feasible is methane—from manure or from municipal
sewage—as a fuel resource in developed countries? Methane
is a clean fuel that bums efficiently. Any kind of organic waste
material: livestock manure, kitchen and garden scraps, and even
municipal garbage and sewage can be used to generate gas. In fact,
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Thailand's highly successfl family planning program
combines humor and education with economic
development,

Learning Outcomes
Aftr studying his chapter, you should be able to

71
72
73

16
71

“Trace the history of human population growth
Summarize different perspeetives on population growth.
Analyze some of the factors that determine population
erowth.

Explain how ideal family size is culturally and
economically dependent.

Describe how a demographic transition can lead to stable
population size.

Relate how family planning gives us choices.

Reflect on what kind of future we are creating.

Human Populations

“For every complex problem there is an
answer that is clear, simple, and wrong.”
~H.L. Mencken

131



Family Planning in Thailand:

Case StUdY A Success Story

Down a narrow lane off Bangkok’s
busy Sukhumyit Road, is a most
unusual café. Called Cabbages and
Condoms, it's not only highly rated
for ts spicy Thai food, but i’s also the
only restaurant in the world dedicated to
birth control. In an adjoining gift shop, baskets of condoms
stand next to decorative handicrafts of the northern hilltribes.
Piles of T-shirts carry messages, such as, “A condom a day keeps
the doctor away” and “Our food is guaranteed no to cause preg-
nancy.” Both businesses are run by the Population and Community
Development Association (PDA), Thailand’s largest and most
influential nongovernmental organization.

The PDA was founded in 1974 by Mechai Viravaidya, a
genial and fun-loving former Thai Minister of Health, who is a
‘genius at public relations and human motivation (fig. 7.1). While
traveling around Thailand in the
early 19705, Mechai recognized
that rapid population growth—
particularly in poor rural areas—
was an obstacle to community
development. Rather than lec-
ture people about their behavior,
Mechai decided to use humor to
promote family planning. PDA
workers handed out condoms at
theaters and traffic jams, any-
where a crowd gathered. They
challenged governmental - offi-
cials to condom balloon-blowing
contests, and taught youngsters
Mechai’s condom song: “Too
Many Children Make You Poor.”
‘The PDA even pays farmers to
paint birth control ads on the
sides of their water buffalo.

This campaign has been
extremely successful at making
birth control and family plan-
ning, which once had been taboo
topics in polite society, into
something familiar and unem-
barrassing. Although condoms—
now commonly called “mechais”
in Thailand—are the trademark
of PDA, other contraceptives, [ICURE 71 Mecht ¥
such as pills, spermicidal foam, yarenes day in Banghok.
and IUDs, are promoted as well.

Thailand was one of the first countris to allow the use of the
injectable contraceptive DMPA, and remains a major user. Free
non-scalpel vasectomies are available on the king’s birthday. Ster-
ilization has become the most widely used form of

FIGURE 7.1 Mechai Viravadya (right) is oined by Peter Fiot, Executive

g out free condoms on family planning and AIDS

in the country. The campaign to encourage condom use has also
been helpful in combating AIDS.

In 1974, when PDA started, Thiland's growth rate was 3.2 per-
cent per year. In just fifteen years, contraceptive use among married
couples increased from 15 10 70 percent, and the growth rate had
dropped to 1.6 percent, one of the most dramatic birth rate declines
ever recorded. Now Thailand's growth rate i 0.7 percent lower than
that of the United States). The fertlty rate (or average number of chil-
dren per woman) decreased from 7.0 in 1979 to 1.64 in 2009, The
PDA is credited with the fact that Thailand's population is 20 million
Tess than it would have been i it had followed it former trajectory:

In addition to Mechai's creative genius and flar for show-
‘manship,

people
love humor and are more egalitaian than most developing coun-
tries. Thai family life,

and contraception. The goverment recognizes the need for family
planning and is willing to work
with volunteer organizations, such
as the PDA. And Buddhism, the
religion of 95 percent of Th
promotes family planning.
‘The PDA hasn't limited itself
to family planning and condom
distrbution. It has expanded into a
variety of economic development
projects.  Microlending ~provides
money for a couple of pigs, or
bicycle, or a small supply of goods
1o sell at the market. Thous
of water-storage jars and cemenl
rainwater-catchment basins have
been distibuted. Larger scale com-
‘munity development grants include
road building, rural electification,
andirigation projects. Mechai
believes that human development
and economic security are keys to
successful popultion programs.
This case study introduces
several - important  themes ~ of
this chapter. What might be the
effects of exponential growth in
human populations? How might
we manage fertility and popula-
tion growth? And what are the
links between poverty, birth rates,
and our common environment?
In this chapter, we'll examine
how scientists form and answer questions such as these about our
world. For related resources, including Google Earth™ place-
marks that show locatons where these issues can be explored,
visit ience-Cunningham blog
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FIGURE 20.17 The Long Island Power Authority has
installed 75 stationary fuel cells to provide refiable backup power.

tan the s, but must e kept bl <250 (00, ot vl
task for most mobile applications. The alternative i a d
reformer or converter Ahat strips hydrogen from fuels such as natu-
ral gas, methanol, ammonia, gasoline, ethanol, or even vegetable oil
Many of these fels can be derived from sustainable biomass crops.
Even methane effluents from landills and wastewater treatment
plants could be used as a fuel source. Where  fuel cell can be hooked
permanently 1o a gas line, hydrogen could be provided by solar,
wind, or geothermal facilites that use electicity to hydrolyze waler.
A fuel cell run on pure oxygen and hydrogen produces no waste
products except drinkable water and radiant heat. When a reformer
is coupled to the fuel cell, some pollutants are released (most com-
monly carbon dioxide). but the levels are typically far less than
conventional fossil fuel combustion in  power plant or automobile
engine. Although the theoretical effciency of electrical generation of
a fuelcell can be s high as 70 percent the actual yild s closer to
40 0r 45 percent. This is about the same as an integrated gasification
combined eycle (IGCC) plant (chapter 19). On the other hand, the
quiet, clean operation and variable size of fuel cells make them use-
ful in buildings where waste heat can be captured for water heating
or space heating. A new 45-story office building at 4 Times Square,
for example, has two 200-Kilowatt fuel cells on its fourth floor that
provide both electricity and heat. This same building has photovol-
ic panels on it faade, natural lighting, fresh air intakes to reduce
air . and a number of other energy features.
U.S. automakers have focused a great deal of attention on fuel
cellsin recent years. While this would reduce pollution, eliminate our
dependence on imported o, and make a good se for wind or solar
nergy,cri it will take 20 years or
motive fuel cells and build the necessary infrastructure. We should

concentrat, instead, they say, on plug-in hybrids or all-electrc vehi-
cles. Ieeland, with no fossil fuels but abundant geothermal energy,
is determined o be the world's first hydrogen-based economy. They
have one hydrogen filling station and a leet o fuel cell buses.

‘The current from a fuel cell is proportional to the size (area)
of the electrodes, while the voltage is limited to about 1.23 volts
percell. A number of cells can be stacked together unil the desired
power level is reached. A fuel cell stack that provides almost all
of the electricity needed by a typical home (along with hot water
and space heating) would be about the size of a refrigerator.
A 200-kilowatt unit fills a medium-size room and provides enough
energy for 20 houses or a small factory (fig. 20.17). Tiny fuel cells
running on methanol may soon be used in cell phones, pagers,
toys, computers, videocameras, and other appliances now run by
bateries. Rather than buy new batteries or spend hours recharging
spent ones, you might just add an eyedropper of methanol every
flew weeks to keep your gadgets operating.

20.4 Biomass ENERGY

Photosynthetic organisms have been collecting and storing the
sun’s energy for more than 2 billion years. Plants capture about
0.1 percent of all solar energy that reaches the earth’s surface. That
Kinetic energy is transformed, via photosynthesis, into chemical
bonds in organic molecules (chapter 3). A little more than half of
the energy that plants collect is spent in such metabolic activities
as pumping water and ions, mechanical movement, maintenance
of cells and tissues, and reproduction; the rest is stored in biomass.

he magnitude of this resource is difficult to measure. Most
experts estimate useful biomass production at 15 to 20 times the
amount we currently get from all commercial energy sources. It
would be ridiculous to consider consuming all green plants as fuel,
but biomass has the potential to become a prime source of energy
Tt has many advantages over nuclear and fossil fuels because of
its renewability and casy accessibility. Biomass resources used
as fuel include wood, wood chips, bark, branches, leaves, starchy
roots, and other plant and animal materials.

We can burn biomass

Wood fires have been a primary source of heating and cooking for
thousands of years. As recently as 1850, wood supplied 90 per-
cent of the fuel used in the United States. Wood now provides less
than 1 percent of the energy in advanced economies, but 2 billion
people—about 30 percent of the world population—depend on
firewood and charcoal as their primary energy source.

In many countries firewood gathering is a major source of for-
est destruction and habitat degradation. Furthermore, it can be a
social burden. Poor peaple often spend a high proportion of their
income on cooking and heating fuel. In rural families, women and
children may spend hours every day searching for fuel. Develop-
ment agencies are working (o design and distribute highly efficient
stoves, both as a way to improve the lives of poor people and to
reduce forest degradation.
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Smart metering can save money

When you install a meter smart enough to measure whether
you're producing or consuming energy, you'll have an opportu-
nity to make many more energy choices. For example, your meter
could tell you where the power you buy comes from and when
the cheapest prices are available. In the middle of the night, when
‘consumption is low, utlity companies often pay customers to take.
unwanted power off their hands. With a smart house system, you
could instruct your appliances (dishwasher, water heater, etc.) to
run only when a certain price is available, or only when the elec-
wricity comes from wind or solar sources.

An exciting potential of plug-in hybrids and electric vehicles
is that they could serve as an enormous, distributed battery array.
Automabiles in particular could be programmed to charge only
at night when electric prices are at their lowest. If we had mil-
lions of vehicles connected to a smart grid, they'd collectively
have enough storage capacity to smooth out peaks and valleys in
the energy supply. Wouldn't all those vehicles require building
new power plants and burning lots of dirty coal? Not necessarily
Utilities report that they could provide power for 4 million plug-in
vehicles just with their existing surplus power supplies. And if the
batteries were recharged from solar or wind facilities, our fossil
fuel consumption would be sharply reduced.

The Pacific Gas and Electric utlity in California is in the
process of installing 9 million smart meters for its custom-
ers, while Europe is projected to have 80 million smart meters
installed by 2013. Many customers love saving money and know-
ing exactly how much power costs for each appliance. Others,
however, fear this new technology. Some worry about the radio
signals that convey information between the uility and their
home, scared by the electromagnetic radiation involved. But it's
not ionizing radiation, nor all that different from the radiation
emitted by their cell phone, microwave, cordless phone, wireless
router, or a whole host of remote controls. It ironic that people
who accept all these other radiation sources reject smart meters.
Others worry that this is an example of Big Brother spying on
them. Who knows what information will be gathered with this
system? But does it really matter i the uility knows what time
your dishwasher ran last night?

20.3 FueL CELLS

Fuel cells are devices that use ongoing electrochemical reactions
o produce an electric current. They are very similar to batteries
except that rather than recharging them with an electrical current,
you add more fuel for the chemical reaction.

Fuel cells are not new; the basic concept was recognized in
1839 by William Grove, who was studying the electrolysis of
water, He suggested that rather than use electricity to break apart
water and produce hydrogen and oxygen gases, it should be possi-
ble to reverse the process by joining oxygen and hydrogen to pro-
duce water and electricity. The term fuel cell was coined in 1889
by Ludwig Mond and Charles Langer, who built the first practical
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device using a platinum catalyst to produce electricity from air and
coal gas. The concept languished in obscurity uniil the 19505 when
the U.S. National Aeronautics and Space Administration (NASA)
was searching for a power source for spacecraft. Research funded
by NASA eventually led to development of fuel cells that now
provide both electricity and drinkable water on every space shut-
dle flight. The characteristics that make fuel cells ideal for space
exploration—small size, high efficiency, low emissions, net water
production, no moving pats, and high rliability—also make them
attractive for a number of other applications.

All fuel cells have similar components

Al fuel cells consist of a positive electrode (the cathode) and a
negative electrode (the anode) separated by an electrolyte, a mate-
sial that allows the passage of charged atoms, called ions, but is
impermeable to electrons (fig. 20.16). In the most common sys-
tems, hydrogen or a hydrogen-containing fuel is passed over the
anode while oxygen is passed over the cathode. At the anode, a
reactive catalyst, such as platinum, strips an electron from each
hydrogen atom, creating a positively charged hydrogen ion (a pro-
ton). The hydrogen ion can migrate through the electrolyte to the
cathode, but the electron is excluded. Electrons pass through an
external circuit, and the electrical current generated by their pas
sage can be used to do useful work. At the cathode, the electrons
and protons are reunited and combined with oxygen to make waer

“The fuel cell provides direct-current electricity as long as it
is supplied with hydrogen and oxygen. For most uses, oxygen is
provided by ambient air. Hydrogen can be supplied as a pure gas,
but storing hydrogen gas is difficult and dangerous because of its
volume and explosive nature. Liquid hydrogen takes fr less space

. Semipermeable ¢
i lectrolyte 11,0,
medium
24
H,0

H 2H
Catalyst—9
Anode —¢| Cathode

FIGURE 20.16 Fuel cell operation. Electrons are removed
from hydrogen atoms at the anode to produce hydrogen ions
(protons) that migrate through a semipermeable electrolyte
medium to the cathode, where they reunite with electrons from
an external circuit and oxygen atoms to make water. Electrons
flowing through the Gircuit connecting the electrodes create useful
electrical current
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7.1 POPULATION GROWTH

Every second, on average, four or five children are born some-
where on the earth. In that same second, two other people di
“This difference between births and deaths means a net gain of
roughly 2.5 more humans per second in the world's population. In
2011, the total world population passed 7 billion peaple and was
‘growing at 1.13 percent per year. This means we are now adding
nearly 80 million more people per year, and if this rate persists,
our global population will double in about 62 years. Humans are
now probably the most numerous vertebrate species on the earth.
We also are more widely distributed and manifestly have a greater
‘global environmental impact than any other species. For the fami-
lies to whom these children are born, this may well be a joyous
and long-awaited event (fig. 7.2). But is a continuing increase in
humans good for the planet in the long run?

Many people worry that overpopulation will cause—or per-
haps already is causing—resource depletion and environmen-
tal degradation that threaten the ecological lfe-support systems
on which we all depend. These fears often lead to demands for
immediate, worldwide birth control programs to reduce fertility
rates and to eventually stabilize or even shrink the total number
of humans,

Others believe that human ingenuity, technology, and enter-
prise can extend the world carrying capacity and allow us to
overcome any problems we encounter. From this perspective,
more people may be beneficial rather than disastrous. A larger
population means a larger workforce, more geniuses, more ideas
about what to do. Along with every new mouth comes a pair of
hands. Proponents of this worldview—many of whom happen to

FIGURE 7.2 AMayan family in Guatemala with four of their
six iving children. Decisions on how many children to have are
influenced by many factors, including culture, religion, need for
old age security for parents, immediate family finances, household
help, child survival rates, and power relationships within the farmily.
Having many children may not be in the best interest of society at
large, but may be the only rational choice for individual familes.

be economists—argue that continued economic and technologi-
cal growth can both feed the world's billions and enrich everyone
enough to end the population explosion voluntarily. Not so, coun-
ter many ecologists. Growth is the problem; we must stop both
population and economic growth.

Yet another perspective on this subject derives from social
justice concerns. In this worldview, there are sufficient resources
for everyone. Current shortages are only signs of greed, waste,
and oppression. The root cause of environmental degradation, in
this view, s inequitable distribution of wealth and power rather
than population size. Fostering democracy, empowering women
and minorities, and improving the standard of iving of the worlds
poorest people are what are really needed. A narrow focus on pop-
ulation growth only fosters racism and an attitude that blames the
poor for their problems while ignoring the deeper social and eco-
nomic forces at work.

Whether human populations will continue to grow at pres-
ent rates and what that growth would imply for environmental
quality and human life are among the most central and pressing
questions in environmental science. In this chapter, we will look
at some causes of population growth as well as how populations
are measured and described. Family planning and birth control
are essential for stabilizing populations. The number of children a
couple decides to have and the methods they use to regulate fer
y, however, are strongly influenced by culture, religion, p
and cconomics, as well as basic biological and medical consid-
erations. We will examine how some of these factors influence
human demographics.

Human populations grew slowly until
relatively recently

For most of our history, humans have not been very numerous
compared to other species. Studies of hunting and gathering sox
eties suggest that the total world population was probably only
a few million people before the invention of agriculture and the
domestication of animals around 10,000 years ago. The larger and
more secure food supply made available by the agricultural revo-
lution allowed the human population to grow, reaching perhaps
50 million people by 5000 B.c. For thousands of years, the num-
ber of humans increased very slowly. Archacological evidence and
historical descriptions suggest that only about 300 million people

ere living at the time of Christ (table 7.1