HENSFHEAHRE
ESMEFEGREZRFRAS

 Beolegay

- ‘,Concepts & Applications

B““MM e M“MM‘«“ Ll

A S B, Education
75

5 4hR  FENhR

Manuel C. Molles Jr.

SEFEHHE WM

Higher Education Press "

o —

i




HEBEEFHERARTE
EMMFEGRERFZRSB

Manuel C. Molles Jr.

mERH MR

Higher Education Press




E: 01-2007-3700

Manuel C. Molles Jr.

Ecology: Concepts & Applications, 4e

ISBN: 0:07-305082-2

Copyright © 2008 by the McGraw-Hill Companies, Inc.

Original language published by The McGraw-Hill Companies, Inc. All Rights reserved. No part of this
publication may be reproduced or distributed by any means, or stored in a database or retrieval system,
without the prior written permission of the publisher. )

Authorized English-Chinese bilingual adapted edition jointly published by McGraw-Hill Education (Asia) Co.
and Higher Education Press. This edition is authorized for sale in the People's Republic of China only,
excluding Hong Kong, Macao SAR and Taiwan. Unauthorized export of this edition is a violation of the
Copyright Act. Violation of this Law is subject to Civil and Criminal Penalties.

A AR EDAR i B S AL AR E AR T - A REE HARCE) A R AR AR MOARA X BRAE 4
ARKMESREA (EFRLFEFEFRE, RITRITHEMTEASHE) 4. RSFT2H0, ¥
HBEREEDQE, BZEEZHR.

REHBETRHEFA, AELUEMTRE S RABHIEFTRS

ZBHE A McGraw-Hill 24 BB 5%, TEE N EHE,

EHERSE (CIP) ¥#E

H: 752 = Ecology: Concepts and Applications: 554K :
X/ (3€) BB (Molles, MC.) 3. —2h/R (EEA&) .—it
R BEHE R, 20079

ISBN 978-7-04-022087-2

I. A . B I B - BEER - 2 -
#x N. Q14

T E A 1E CIP BT (2007) 55 134144 5

RuUmE X A HJERE X A HERT Kk #H  REDE L #

HRET ®S%EHHE B WHHLE 010-58581118
#H db TSRS KR 4 B ®H/AEH 800-810-0598
HBBI4RFE 100011 B HE hitp://www.hep.edu.cn
2 #l 010-58581000 http://www.hep.com.cn

P T http://www.landraco.com
http://www.landraco.com.cn

g W BEeuBEEBEITERAR @B E http://www.widedu.com
B Rl JEREERERRIAE BRA &

R & 20024F 12 A% 1R
F & 889x1194 1/16 20074F 8 A% 2 I
BB % 39 B R 20074 9 A% 1 KEPRI
£ ¥ 1000000 T #r 520070 FH)

AFWABRTT, 5T, BISETRRIEE, 205 A YT R AR,
MR SRR
WES 22087-00



Manuel C. Molles Jr. 2% 8P E (New Mexico ) K241
FEBIREAR, 1975458 M— EFEX T KN A S B T A 1 5%
THE, HREFERAEYAEYIE ( Museum of Southwestern Biology ) 184,
fMBEEREE (Humboldt ) Mz KRS HF 2+, ZEWAIFEIR ( Arizona )
REFESFSHUAEYFFREBEE0, T T A AR,
G BRI T W . NE LY ( Caribbean ) FIRKI M EEAE R EHEFITFF T
fE. MBGKISEMMEE (Fulbright ) IR RS RIERE F AT RS
W5, A AERE ST Coimbra KESY¥ R, FHF LER ( Madrid )
BT RFKCEELE S . Montanna K 2% Flathead i 4 812 TAEvG 40415
) 2

VER—Z B F B A Y24 K, Manuel C. Molles Jr. 753758
PR FENE I R A SR . RSB SR SE 2
B, EFETRESE., MEAEYE. BEAESYE. EBRGESF. B
MERAYHEE, DURARESMERS (JER /J\}:E'.W:T) X} PG R VT AN A
HEBRGHEWE, MR TSRS A T P s #B 1L X Rh A
RREFEIRIE B AR B SR LA SR . HAMollestd+HIBMITARIE, fha2iimaf
R BFEMFEEFANGES, WEIRAEMAREMA R EFEATHRISE
ko TEHBIFRRE, MBFNE L, BEOES. BRIP4 IRRPREY
%ﬁ?ﬁ@ PHEAVESSE . BIMAESYE . BIBAEYE . W WY SRR S

DRGES¥; T%@H‘ Coimbra R 2E T £ ERA AT F A 25241542 ; 7EFlathead
m&%#x@a%a WA M T KFIBIEA S, Molles i+ 1995—1996
SEEFBFERREZIN, 2000 YIS Potter Chair (HHEHEZ ),




Manuel C. Molles Jr. 43  Ecology: Concepts and Applications ) ( 2nd
edition ) ZEHIRIRE F44F, HTHAREH . SWEH, BB RBCYN Bt RS
R, ZPERESSFEREER 2. AERFHFE Bt IoE B K 1TH
B4R, RTAEXAEEF

FAREENRFAREIE L. FREHSER, 5% 2MLEAHRIH /M
BEMRE . iz XIS AR, TR BREREE S ESERN
B, EHERA, RS IR RS AN T NS R AR, ikt
HIEMENGFERH. B, wHL28008 ‘S5 H" i, &8@EEKnE—
F (BRE—F5IF5) HESOEEMSHANE, TSP RERE RN
RICLFNCHAEE, BTG EHR T EAREAANA, EHAKEREAERR
“PRITIEAE” . “VRCiEdE” FidE O FHESFTFB, N EFAR /NG AN 240
ZIBEE A BEEE, LEIRBINRFEENAESFEEFEA B, EEMICIZH
Hi. &5, “TEL¥ 350" (Online Learning Center ) (M4ik: www.mhhe.com/
mollesde)i&fit T KBS HE MBI E Kbk, X2 FRFFOAER BRI S HAaD
A HBEREN AL, XA 5REREARIUT HBRiE" FrERERN
RO RR R RAEREN), FRRER

FARENE L SHE 2R, BEDEEREBIT, BEEHLENEM,
ISR R RIS, MIEAEIR, BUUEHEMERIREL, SR —H. BERmMBNUN,
HILEFIREER S PR “EEEL” o

IMFTTK
2007 4£ 3 A



P2 KB B AN PR AR A S 2 R AL TE R T & R P B2 R B T IR 3 Rk, SRR B
TR BE A PRR A2 5 A SR R R PR R U E L SRR E— R SR 1B LR
SR BRI R, RNARETERNE—DITHIESZA K. Filh, BEXESFEFHTREEMNE, B
HEFEERFIA B SCEROER, BRI E, FHEAE R EBRIEERBREARSI ., A, 18
PSR AR BB 07 ¥ ARG O B U Z2HE P RERR P 3 58 B AT 55

—. EENAR

HRERXABRA TIRLEHIR EAFASFRBERFEN], BB EXTRERFAENEBaE T fmEeE
R —2Behb RN, IF BRI E B EEEYE—— T I R SN ARIRE

LA P ARAIR S, RS
MEBESE, RAAREHRTHA

=, HaliEE

£ 1991 - FEFIBEHIM (Texas) ELAJE R (San Antonio) HITHIREARFLEWE, FAKERERK Paul
Rissersi i 4 S F HUMEACAAER S R P RIX M URHEZMS ER. IR — D RERBTR RHI2EFE,
lanAERE, BTG, IABNTRARERH—FTEARRERBIEE . R, Risser EMIRNTRET EEH
Sk, AL EERERER, BEILLrERE . A BB Risser HEWME, GIEY
FZe2~5 M ERMSHITALR, ibFESHTERMCK, REAHN, BRMWESENFERREBERE O HE
BRAESHRE, BEFZHT EEERRRE. 5 MSEIhesdE, e MBS REMKE, BIt%ARs]
B AEBEARP T TEE A RIBIFTTE Bk, TistEMRE, REHARE, it SR BIHERT S Mt T R el
MR FRHIBFER . ILBISLX MR SRR E R NR G E R, WAL AR, FHREB
AL E R

“BMAM L FLBABESS
k, KRG AMEGARERHERS
HHBAT A —#H T, X534
BAMM B F LT REF AT LA

=, BREHS
WRIER SRR BRE W, MABIA 23FARHAT TEIT. S H RN HEE ORI, ERBENREM,

\



T

Vi Bl

B ERIER, YIER, FEREBUTSERIRE. SR . MNENETREVULEZANETHTT T8
AFERT, EER A =M RE ZRESCER

AT HEEABENEETIERR, BRITRAERHETTEHZH. IE, FENVFLILOHME, DX
HATHE AR BRIE T L B, BT THF RS . 1’]’ 1‘%4\9@5&%1«)\*&4\52 Eﬂa‘?@#ﬁ #H*ﬁ%/\éﬁ
STEXRER NI, X, F)?ﬁm/\ﬂﬁﬂﬂ“*ﬂ AR A2
HETEMIHATEA T o B—A> “BRSTIEHE” (Investigating the
Evidence ) HICFHERITIE, ZEHHBMEY B BHT T
WS, FEREAZEAME T MR,

AT HBFAERE S FEROBS, SBNT 24028
2 BEE, BMMEEIHERAUL “BEREY BB
R, XEZHABTEEXMNBHATHITAERS, B ' - it
M1 R BB B BT B R A B, “RFIER” ; Mm’“'"'“" '“ mer!
B EFEYM “PHEUESE” ( Critiquing the Evidence ) fY
BEE, BERE -SG5 E ARt R A e kit
FE,

B maPARA2402E “BEEES” e
W BEEIRMt TER.

BNETRS) H B ATE BEIR MR 22 A 1 BB BRI

M., BSXREHTHR

AL AR BREA, B FEMSNEARRM T VERF B, A MNAESZFRIMERA P B R 2
AR, HERE—HE, 85 BRIEWNENT—/ G EAmKPEd; FREARIEEREBEHET
BGERAERZEN SR B RETMEAERYE; SN0 RETHHAESY; BURMNBEREPTNE
FHEEAER; FERIERBE SESREAEDY; BE, BEAMSMITRRKREASRY, BHRHENTERULES
2, WEASTEMERARY, REREENHAER RN BRIEHAES, B2, AN BRE T
FFiE, *ljﬁﬁi?ﬁ@JTﬁ?ﬂﬂgﬂf;ﬁﬁﬁﬁ, PAXTEEA B BRI 75— R B EE R

FETWK

=T, B TRD AR, BITTAYBRMHER, 2 EmEReE,

RN, WINT R T#L, ZHEMCEYEXHEMLIRSE 185 (FILAEME Liebig’s law ), 5B 19%F
(FRAHEFH ) F5E 23 & (KK CO, 84 ) Mz LTI FMEM

T LE, %’IATﬂAg/J\fﬁﬁﬂﬁ (Hamilton’s rule ), ELARTHINL X — 58l T H4t&tE (eusociality ) #4k
ML, JF#AT TG LMRRE—3, RIEIM T — R, BTS2 B R RN A

E%jhﬁ EFBE A RIEIR T APINES, — I RET/DIREERX, H- N RETFRRESEK, £
( metapopulation ) FIITIEEMNE 3 Hﬁ%ﬂﬁ@@ﬂimm%’f‘ﬁo

R —F, RMSEMHEEKIENURSRA OGS EIECHER

AR T=F, BIHEMARE T R TIRERFNHR, FEFRMEMFENEAEE, &5 TRMEE,
HEBITES THAERFLEITE.

R T=%, BEHTRASREMMA, BXF KK HFBSEENEIE Y808 E AP 28R
AL, JLHR IR ] B A SRR A S SRR WA . B T XERPAESHITML (US Long
Term Ecological Research Network 8¢ US LTER Network ) F1EFRLTER M HI{EE , ®#53%E LTER M4
B IS H



. UEERERNGITHRER

FEAHRAMFHRE, WIMSRFAXAESERLR S IRREE S, T TIFHRR. RTHE =I5, Br
FHETHRELESAARBEIRGEZ £, FEAUTIATHEHEEA:

85 BEVRFAXENATAENTENFNEETRAR, FRIFEA5TENRTERNILE
f, AEFIE T ASIENELS, EIEHERsIZEMABLTABTRIHEFE,

e A ENEREANEEASZEEMARMBAETFEMAIR, XEXBUIIESETIEZE, U
REZAEREREHERN EE, RREIIHTEETHMRESNACE, THeMSHBRER, AREECKR
ERBIRORFELEEME . XFROIPTI TR SRS, BRI EMAESFERB AN RS FE.

HE: RITEABREABRAZIEE S, GFRANEEIAR, BNREIHITRBOTMEERER, HIES
REHFHEF TR, ERTHELNUEEAMCFRA#ETHEERE, KERBRERRMBERE L, A%
ERMEFEARRER.

BLf: REAPHEBAEEHA TSRS RN — B R N AR RATEM WASE R L. ffilx
AR, BAEELZXTAETRNMR, S0FET P TR R A4 F i S AL R FR
B, A5, TS5 UARZ I ZE MR REE S EASERNAESFZENES (BER_RESH ) &R/
B o

Chaprer 14
Exploitative fug
HraCtions: Pyt Herbivry, p,,
5 Parusitlom, unit g
e

- Howe
ently. schig
ey osomian

“ountricy
il i, s e rexcanch.
o e “E:""P‘E-thlmm OIS 10 COntrol fh: oy
it 0ections by i g ke of e ion i
e, The o PRt o

s st snaily

One of 1he '
. water G precoy !

) Mrcums, gy vy M DTt g ) SOOI i e o e

SOme S hisgigg O pouds oy Yeive 10 North Auncrica, Procmbom ot
enya dur by vy
b e e g 1 o

*h

A o s oy
Farkii, which i,
O oy,

th oficials bocame yoy

<ruyigh g ¢

hee i 3
o nail sury
it eyete g il urveys o

native
ceding




viii B

il

“BRFUER" SUFIE: XUER MM BRATRAE TR2E R VNRE”, BATRIRS 2 MBT5TiR
i, BN E BRI RO, RREESHTRN . “HIEE" RIICHENE —ETT 0, MR TR
Kie, ARE2AANEWEALE AR R R TSRS, BJE—EN LT T — R 8 F R R R,

“BAH BRI RELEANFE
B2 A8 5 R

BERHH

o /NgE B/NGEI T AEMNAES, AT HCRAAEHNEENE, 7E45/0E BXTH R A E S
FRMAEFRR, HE—RKIETE R,

® AL

o BoJBEM BtE I BEEEREN T HEEAFMFEAELE S — LS, RERRHWL, 5388
WAFERMISEACE AR E, 515540 A 200 57 0 3 B R RIS,

o BUREA R BELEBGIEEAMR R, R A N BT FEEhOR M T A= N AR,
BEREFEMNRATHERARMER ., AEERELENE, B8 R8BS 2R B S 5 S st
JEMIBISERIC, Xt E— Bt R REBR AL T 8148 A9 A 2R IR B bl

BREH

o [tk HIEH 3 MR “GitR”, “MERIDBEER" Ml “BRIFEEEEBER, At ss,
YR 2R S RSB

® RiE# .

® ZHEMK SHE MR MBIFEENEERY, RMIEATRKESE SRS EER, B8



i
x

1]

A SRR BARZ— D 25 | X SN IRR E ES L 0k, MARIEMAIERAES S E, AFSE 30kt
15 | %R B BT O R AHE R B R
® K7

SR GRS R, BAHE

Ny FEEIHFE

AHMMTEL 2 s (MHE: www.mhhe.com/mollesde ) 34t T ZBREA I TR, iHFEEELIS%E
HERFERODES . PO ERM T E SR AR 2] .

® 545>

o T AR

® L, HEHMBUFHIIAEEEE

® )i

® MR

o X EME (RZBIB5E )

® LI ERME

® AN | AR a) R 5 b ]

.IJ%%@%

o CHARIEHIAFR

o L A= TSR

. i

R SERERABITH RIS R & B R TT ARG, R, HEF4MIT A3+, Eric Chamov,
Scott Collins, John Craig, Cliff Crawford, Cliff Dahm, Tim Lowrey, Randy Thornhill, Eric Toolson #1 Robert Waide &
ZALFRFEZ TR E TR T TR BEER, W TR, AT TS, FES4REITIHRIE ALk
ST TR REFHIBHOPREHAR, M d T i EAR OR B3R e B R WA S SX — T W S A LR
Aoh, RERBERPRANFZ A EE, B, AT S 5 A N A B R K,

A EIRBTES 4 WUE T ] McGraw-Hill i £ £k A RFER MBS R A FHBGAL 58S, Xk
kA 5t /& Marge Kemp, Brian Loehr, Joan Weber, Tami Petsche, Dan Wallace, Laurie Janssen, Melissa Leick, Judi
David, Gloria Schiesl, Carrie Burger #1 Laura Fuller,

REREBHKKEE, FE5|EMary Ann Esparza, Dan Esparza, Hani Molles, Anders Molles, Mary Anne Nelson
1 Misha 7E55 4 JRIETT B 45T HISCHF

KA BHRZHE, MAISR T EUSARRRZ G, 2R TR0 B 1) A0 L3 B AR R & R A
HBERE A MITARNE, 2RFE, BERMRAREHIT, 1EAGRE, SABI0, HEigbid, mHE%
AR B, FEATTRESERES 4 IIBITES M.

A RREEE:

John M. Anderies Arizona State University

Eric M. Anderson  University of Wisconsin—Stevens Point
David M. Armstrong  University of Colorado—-Boulder

Tom Arsuffi  Texas State University

Michelle A. Baker Utah State University

Lawrence S. Barden  University of North Carolina-Charlotte



B

T

Mark C. Belk Brigham Young University
Brian D. Bovard  Florida International University

‘Leslie S. Bowker  California Polytechnic State University-San Luis Obispo

Steven W. Brewer  University of North Carolina-Wilmington
Arthur L. Buikema, Jr.  Virginia Tech

David Byres Florida Community College—Jlacksonville
Erica A. Corbett  Southeastern Oklahoma State University
Christopher Cronan  University of Maine

Richard J. Deslippe Texas Tech University

Stephanie A. Elliott  University of Texas—San Antonio
Lloyd Fitzpatrick  University of North Texas

Irwin Forseth  University of Maryland

Douglas C. Gayou University of Missouri-Columbia
Frank S. Gilliam Marshall University

Colleen Hatfield Rurgers University

Thomas W. Jurik  lowa State University

Kimberley J. Kolb  California State University-Bakersfield
Angelo Lattuca Mohawk Valley Community College
David A. Lipson San Diego State University

Jay Mager  Ohio Northern University

Chris Migliaccio Miami Dade College

L. Maynard Moe  California State University-Bakersfield
Don Moll  Southwest Missouri State University

Timothy A. Mousseau  University of South Carolina

Jean Pan  University of Akron

Craig Plante  College of Charleston

Thomas Pliske  Florida International University

Kenneth A. Schmidt  Texas Tech University

John Skillman  California State University-San Bernardino
John F. Weishampel University of Central Florida

Jake F. Weltzin  University of Tennessee

Rodney Will  University of Georgia

Craig E. Williamson  Miami University of Ohio

Jianguo (Jingle) Wu  Arizona State University

Douglas Zook Boston University

Manuel C. Molles Jr.



g1 &%

¥ I #4%

C RUE 5y

£ IV s

% Vs

% VI &4y

1 515 fFaRESFE? 1

BEE 11
2 B bAE4y 12
3 KAy 47

ME 81

4 REXR 82

5 KKHE 108

6 REERFIEFRXLR 133
7 HEWRER 157

FhEEAESE 183

8 PR BE 5 HARERE 184
9 METMEBE 210

10 FEEshAS 231

11 PR 254

12 AEiEE 272

HEEAR 297

13 =4 298

14 WHEAHNHAEER: BE. B8, FEMER 320
15 BFFEAE 347

BEMESRSE 369
16 YIFZEMEHEE 370
17 FhEVERIFBEESM 391
18 WIFAT=FREW 411

19 FEAMEFFREF 432

20 HEMIREE 454

kRFiﬁ“ 480
mMAERE 481
22 ﬂﬁlﬂi#&i 506
23 £FRERE 530 xi



Preface v

B e 1 Introduction: What Is Ecology? 1

Overview of Ecology 2

The Ecology of Forest Birds: Using Field Studies
to Test Theory 3

Forest Nutrient Budgets: Inventories and Large-Scale
Experiments 5

Vegetation Change: Information from Pollen Records
and Modeling 7

The Nature and Scope of Ecology 8

Investigating the Evidence 1: The Scientific Method—

Questions and Hypotheses 9

Section I
NATURAL HISTORY

Ster 2 Life on Land 12

Terrestrial Biomes 14

Concepts 14

2.1 Large-Scale Patterns of Climatic

Variation 14

Temperature, Atmospheric Circulation,
and Precipitation 15

Climate Diagrams 16

Concept 2.1 Review 19

Investigating the Evidence 2: Determining
the Sample Mean 19

2.2 Soil: The Foundation of Terrestrial Biomes 20
Concept 2.2 Review 21

2.3 Natural History and Geography of Biomes 21
Tropical Rain Forest 21
Tropical Dry Forest 23
Tropical Savanna 25
Desert 27
Mediterranean Woodland and Shrubland 30
Temperate Grassland 32
Temperate Forest 33
Boreal Forest 36
Tundra 37
Mountains: Islands in the Sky 40
Concept 2.3 Review 43
Applications: Climatic Variation and the Palmer
Drought Severity Index 43

Xii

B er 3 Lifein Water 47

Concepts 48

3.1

3.2

The Hydrologic Cycle 48

Concept 3.1 Review 49

The Natural History of Aquatic Environments 49

The Oceans 49

Life in Shallow Marine Waters: Kelp Forests and Coral
Gardens 54

Investigating the Evidence 3: Determining the
Sample Median 55

Marine Shores: Life Between High and Low Tides 59

Estuaries, Salt Marshes, and Mangrove Forests 62

Rivers and Streams: Life Blood and Pulse of the Land 67

Lakes: Small Seas 71

Concept 3.2 Review 77

Applications: Biological Integrity—Assessing the Health

of Aquatic Systems 77
Number of Species and Species Composition 77
Trophic Composition 77
Fish Abundance and Condition 77
ATest 77

Section II

INDIVIDUALS

Biboter 4 Temperature Relations 82
Concepts 83

4.1

4.2

Microclimates 83
Altitude 83
Aspect 84
Vegetation 84
Color of the Ground 85
Presence of Boulders and Burrows 85
Aquatic Temperatures 85
Concept 4.1 Review 86
Temperature and Performance
of Organisms 87
Temperature and Animal Performance 87
Investigating the Evidence 4: Laboratory
Experiments 88
Extreme Temperatures and Photosynthesis 89
Temperature and Microbial Activity 90
Concept 4.2 Review 91



4.3 Regulating Body Temperature 91 .
Balancing Heat Gain Against Heat Loss 91
Temperature Regulation by Plants 92
Temperature Regulation by Ectothermic Animals 94
Temperature Regulation by Endothermic Animals 96
Temperature Regulation by Thermogenic Plants 99
Concept 4.3 Review 101

4.4 Surviving Extreme Temperatures 101
Inactivity 101
Reducing Metabolic Rate 101
Hibernation by a Tropical Species 103
Concept 4.4 Review 103

Applications: Climatic Warming and the Local
Extinction of a Land Snail 103

&zpters Water Relations 108

Concepts 110

5.1 Water Availability 110
Water Content of Air 110
Water Movement in Aquatic Environments 111
Water Movement Between Soils and Plants 112
Concept 5.1 Review 114
5.2 Water Regulation on Land 114
Water Acquisition by Animals 115
Water Acquisition by Plants 116
Water Conservation by Plants and Animals 118
Investigating the Evidence 5: Sample Size 119
Dissimilar Organisms with Similar Approaches
to Desert Life 122
Two Arthropods with Opposite Approaches to
Desert Life 122
Concept 5.2 Review 124
5.3 Water and Salt Balance in Aquatic
Environments 126
Marine Fish and Invertebrates 126
Freshwater Fish and Invertebrates 126
Concept 5.3 Review 128
Applications: Using Stable Isotopes to Study Water
Uptake by Plants 129
Stable Isotope Analysis 129

Using Stable Isotopes to Identify Plant Water
Sources 129

Boter 6 Energy and Nutrient
Relations 133

Concepts 134

6.1 Energy Sources 134
Photosynthesis 135
Heterotrophs 139
Chemosynthesis 144
Concept 6.1 Review 145

Contents xiii

6.2 Energy Limitation 146
Photon Flux and Photosynthetic Response Curves 146
Food Density and Animal Functional Response 146
Concept 6.2 Review 148

6.3 Optimal Foraging Theory 148
Testing Optimal Foraging Theory 148
Optimal Foraging by Plants 150
Investigating the Evidence 6: Variation in Data 151
Concept 6.3 Review 152

Applications: Bioremediation—Using the Trophic
Diversity of Bacteria to Solve Environmental
Problems 152

Leaking Underground Storage Tanks 153
Cyanide and Nitrates in Mine Spoils 153

@yter 7 Social Relations 157
Concepts 159

7.1 Mate Choice 160
Mate Choice and Sexual Selection in Guppies 160
Mate Choice Among Scorpionflies 164
Nonrandom Mating Among Wild Radish 167
Concept 7.1 Review 169
7.2 Sociality 169
Cooperative Breeders 170
Investigating the Evidence 7: Scatter Plots and the
Relationship Between Variables 172
Concept 7.2 Review 175
7.3 Eusociality 175
Eusocial Species 175
Evolution of Eusociality 177
Concept 7.3 Review 179
Applications: Behavioral Ecology and Conservation 179
Tinbergen’s Framework 179

Environmental Enrichment and Development of
Behavior 179

Section I II

POPULATION ECOLOSY/7

[@apter 8 Population Genetics and Natural
Selection 184

Concepts 186

8.1 Variation Within Populations 187
Variation in Plant Populations 187
Variation in Animal Populations 190
Concept 8.1 Review 192

8.2 Hardy-Weinberg 193
Calculating Gene Frequencies 193
Concept 8.2 Review 195

Ny



Xiv

8.3

8.4

8.5

Contents

The Process of Natural Selection 195

Stabilizing Selection 195

Directional Selection 196

Disruptive Selection 197

Concept 8.3 Review 197

Evolution by Natural Selection 197 -

Evolution by Natural Selection and Genetic
Variation 197

Investigating the Evidence 8: Estimating
Heritability Using Regression Analysis

198

198

Adaptive Change in Colonizing Lizards

Rapid Adaptation by Soapberry Bugs to
New Host Plants 200

Concept 8.4 Review 202

Change Due to Chance 202

Evidence of Genetic Drift in Chihuahua
Spruce 202

Genetic Variation in Island Populations 203

Genetic Diversity and Butterfly Extinctions

Concept 8.5 Review 205

204

Applications: Estimating Genetic Variation in

Populations 205
Molecular Approaches to Genetic Variation 205

J |§apter 9 Population Distribution

and Abundance 210

Concepts 212

9.1

9.2

9.3

9.4

Distribution Limits 212

Kangaroo Distributions and Climate 212

A Tiger Beetle of Cold Climates 213

Distributions of Plants Along a Moisture-Temperature
Gradient 214

Distributions of Barnacles Along an Intertidal Exposure
Gradient 215

Concept 9.1 Review 216

Patterns on Small Scales 216

Scale, Distributions, and Mechanisms

Distributions of Tropical Bee Colonies

Distributions of Desert Shrubs 218

Concept 9.2 Review 220

Patterns on Large Scales 220

Bird Populations Across North America 220

217
217

Investigating the Evidence 9: Clumped, Random,
and Regular Distributions 221

Plant Distributions Along Moisture Gradients 223

Concept 9.3 Review 224

Organism Size and Population Density 224
Animal Size and Population Density 224

Plant Size and Population Density 225

Concept 9.4 Review 226

Applications: Rarity and Vulnerability to

Extinction 226
Seven Forms of Rarity and One of Abundance 226

v4

[@abter 10 Population Dynamics 231

Concepts 233

10.1 Dispersal 233
Dispersal of Expanding Populations 233
Range Changes in Response to Climate Change
Dispersal in Rivers and Streams 236
Concept 10.1 Review 237
Metapopulations 237
A Metapopulation of an Alpine Butterfly 237
Dispersal Within a Metapopulation of Lesser Kestrels
Concept 10.2 Review 239
Patterns of Survival 239
Estimating Patterns of Survival 240
High Survival Among the Young 240
Constant Rates of Survival 241
High Mortality Among the Young 241
Three Types of Survivorship Curves 243
Concept 10.3 Review 243
Age Distribution 243
Stable and Declining Tree Populations 244
A Dynamic Population in a Variable Climate
Concept 10.4 Review 245
Rates of Population Change 245
Estimating Rates for an Annual Plant 246
Estimating Rates When Generations Overlap 247
Concept 10.5 Review 249

10.2

10.3

10.4

244

10.5

Investigating the Evidence 10: Hypotheses and

Statistical Significance 249

Applications: Using Population Dynamics to Assess
the Impact of Pollutants 250

\/l(‘épter 11 Ppopulation Growth 254

Concepts 255

11.1 Geometric and Exponential Population
Growth 25§

Geometric Growth 256

Exponential Growth 257

Exponential Growth in Nature 257

Concept 11.1 Review 259

Logistic Population Growth 259

Concept 11.2 Review 261

Limits to Population Growth 261

11.2

11.3

Investigating the Evidence 11: Frequency of
Alternative Phenotypes in a Population 262

Environment and Birth and Death Among Galadpagos
Finches 262
Concept 11.3 Review 266
Applications: The Human Population 266
Distribution and Abundance 266
Population Dynamics 267
Population Growth 268

234
Dispersal in Response to Changing Food Supply 235



Contents XV

l(‘apter 1 2 Life Histories 272 Applications: .Compet.ition Between Native and
: Invasive Species 316~

Concepts 273
12.1 Offspring Number Versus Size 274 TR ExplOitative Interactions:
Egg Size and Number in Fish 274 P;‘edation, Herbivory,
Seed Size and Number in Plants 276 Parasitism, and Disease 320
Concept 12.1 Review 280
12.2 Adult Survival and Reproductive Allocation 280
Life History Variation Among Species 280
Life History Variation Within Species 281
Concept 12.2 Review 284
12.3 Life History Classification 284
rand K Selection 284
Plant Life Histories 285

Investigating the Evidence 12: A Statistical Test for
Distribution Pattern 286

Qp po.rtun.istic. Equilibrium, and Periodic Life Investigating the Evidence 14: Standard Error
Histories 288 i

Reploductlve EﬂOll Oftbpl mn SlZe d"d Be"eﬁ['cost
] > .
R . 290 g C()”prl 142 Jaf view 330

Concept 12.3 Review 291 14.3 Dynamics 330

Cycles of Abundance in Snowshoe Hares and Their
Predators 331

Experimental Test of Food and Predation Impacts 333

Population Cycles in Mathematical and Laboratory

Concepts 321

14.1 Complex Interactions 321

Parasites and Pathogens That Manipulate Host
Behavior 322

The Entangling of Exploitation with Competition 324
Concept 14.1 Review 325

14.2 Exploitation and Abundance 325
A Herbivorous Stream Insect and Its Algal Food 325
An Introduced Cactus and a Herbivorous Moth 327
A Pathogenic Parasite, a Predator, and Its Prey 328

Applications: Using Life History Information
to Restore Riparian Forests 291

. F L Models 334
Section Concept 14.3 Review 336
INTERACTIONS ] 14.4 Refuges 337
Refuges and Host Persistence in Laboratory and
Ny mpter i Competition 298 sz[hematlcal. Models 3?7 . ‘
Exploited Organisms and Their Wide Variety of
Concepts 300 “Refuges” 338
13.1 Intraspecific Competition 300 Concept 14.4 Review 342
Intraspecific Competition Among Plants 300 Applications: Using Predators to Control a Parasite 343
Intraspecific Competition Among Planthoppers 301
Interference Competition Among Terrestrial Isopods 302 WV %pter ) Mutualism 347

Concept 13.1 Review 302 Concepts 349
13.2 Niches 302 .
The Feeding Niches of Galdpagos Finches 303 15.1 Plant Mutyulismy 543
The Habitat Niche of a Salt Marsh Grass 304 Plant Performance and Mycorrhizal Fungi 349
‘Concept 13.2 Review 305 Ants and Swollen Thorn Acacias 352

P M ali 3
13.3 Mathematical and Laboratory Models 305 A Tempersia Flaot Frofection Mutualisgr 355

. . .. Concept 15.1 Review 356
Modeling Interspecific Competition 305

Laboratory Models of Competition 307 15.2 Coral Motualisms 357
Concept 13.3 Review 309 Zooxanthellae and Corals 357

A Coral Protection Mutualism 358
Concept 15.2 Review 359

15.3 Evolution of Mutualism 359

13.4 Competition and Niches 309
Niches and Competition Among Plants 309
Niche Overlap and Competition Between Barnacles 310

Competition and the Habitat of a Salt Marsh Grass 311 Investigating the Evidence 15: Confidence
Competition and the Niches of Small Rodents 311 Intervals 360
Character Displacement 312 Facultative Ant-Plant Protection Mutualisms 362
Investigating the Evidence 13: Field Concept 15.3 Review 363

Experiments 315 Applications: Mutualism and Humans 363
Evidence for Competition in Nature 316 ) The Honeyguide 363

Concept 13.4 Review 316 Guiding Behavior 364



Xvi Contents

Section W%@f
COMMUNITIES AN

V %wer 16 Species Abundance and
Diversity 370

Concepts 372

16.1 Species Abundance 372
The Lognormal Distribution 372
Concept 16.1 Review 373
16.2 Species Diversity 373
A Quantitative Index of Species Diversity 374
Rank-Abundance Curves 374

Investigating the Evidence 16: Estimating the
Number of Species in Communities 376

Concept 16.2 Review 377

16.3 Environmental Complexity 377

Forest Complexity and Bird Species Diversity 377

Niches, Heterogeneity, and the Diversity of Algae and
Plants 378

The Niches of Algae and Terrestrial Plants 378

Complexity in Plant Environments 379

Soil and Topographic Heterogeneity and the Diversity of
Tropical Forest Trees 379

Algal and Plant Species Diversity and Increased Nutrient
Availability 380

Nitrogen Enrichment and Ectomycorrhizal Fungus
Diversity 380

Concept 16.3 Review 382

16.4 Disturbance and Diversity 382

The Nature of Equilibrium 382

The Nature and Sources of Disturbance 382

The Intermediate Disturbance Hypothesis 383

Disturbance and Diversity in the Intertidal Zone 383

Disturbance and Diversity in Temperate
Grasslands 384

Concept 164 Review 385
Applications: Disturbance by Humans 385

Human Disturbance: An Ancient Feature of the
Biosphere 386

Disturbance by Humans and the Diversity of Chalk
Grasslands 387

oter | 7 Species Interactions and
™ Community Structure 391

Concepts 392

17.1 Community Webs 392
Detailed Food Webs Reveal Great Complexity 392
Strong Interactions and Food Web Structure 394
Concept 17.1 Review 394

17.2 Keystone Species 394
Food Web Structure and Species Diversity 395

Experimental Removal of Sea Stars 396
Snail Effects on Algal Diversity 397
Fish as Keystone Species in River Food Webs 400
Investigating the Evidence 17: Using Confidence
[ntervals to Compare Populations 401
Concept 17.2 Review 403
17.3 Exotic Predators 403
Introduced Fish: Predators That Simplify Aquatic Food
Webs 403
Concept 17.3 Review 405
17.4 Mutualistic Keystones 405
A Cleaner Fish as a Keystone Species 405
Seed Dispersal Mutualists as Keystone Species 405
Concept 17 .4 Review 406
Applications: Humans as Keystone Species 406
The Empty Forest: Hunters and Tropical Rain Forest
Animal Communities 406

Ants and Agriculture: Keystone Predators for Pest
Control 407

</ [Brter | & Primary Production and

Energy Flow 411
Concepts 413

18.1 Patterns of Terrestrial Primary Production 413

Actual Evapotranspiration and Terrestrial Primary
Production 413

Soil Fertility and Terrestrial Primary Production 414

Concept 18.1 Review 415

18.2 Patterns of Aquatic Primary Production 415

Patterns and Models 416

Whole Lake Experiments on Primary
Production 416

Global Patterns of Marine Primary Production 417
Concept 18.2 Review 418
18.3 Consumer Influences 418
Piscivores, Planktivores, and Lake Primary
Production 419
Grazing by Large Mammals and Primary Production
on the Serengeti 421
Investigating the Evidence 18: Comparing Two
Populations with the t-Test 422
Concept 18.3 Review 423
18.4 Trophic Levels 424
A Trophic Dynamic View of Ecosystems 424
Energy Flow in a Temperate Deciduous
Forest 424
Concept 184 Review 426
Applications: Using Stable Isotope Analysis to Trace
Energy Flow Through Ecosystems 426
Trophic Levels of Tropical River Fish 426

Using Stable Isotopes to Identify Sources of Energy in a
Salt Marsh 427
Food Habits of Prehistoric Human Populations 428



