ﬂﬁ%%%#ﬁj#%
EAMEEERTERE A

ﬁ- Education

EFHAFHBEH

Higher Education Press




FENEEHEARE i
ENMEF AR EH LA ot

Manuel C. Molles Jr.

mEHEFHERH

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.

A5 ENAR 5 S5 R ARAL A SR B A 0T - A RBOR HARCIEM) 22 Rl SRR, BERRAS (X FRFE 4
AREHESEN (BRLFETEEE. RHNTHENPESEZHX ) #E. ReFzho, 9
i R EERGE, KZERZHR.

K2 R TG EVFAT, A5 MER 5 2 R S RA 3 AR T8 2y o

AP IEA McGraw-Hill A R RE, ThnSsE MSH .

EBERSE (CIP) HiE

H:Z52% = Ecology: Concepts and Applications: 2H4h: %
30/ (%) BEEMT (Molles, MC.) . —2hR (HEIA ) —b
R RSFHE HGE, 2007.9

ISBN 978-7-04-022087-2

1. A . B M. 8% - S5FK - #Hé -
wx N. Q14

Hh [ A L 0 CIP B 7 (2007 ) 56 134144 5

FolgmiE X A 2 HERE X A 0 HERT K A REHHE L #

H&RIT FS5E8E R HHEHL 010-58581118
# b JEEHPRXAESN R 4 5 %#HEi  800-810-0598
BREI4RAS 100011 M 4k http://www.hep.edu.cn
B #l  010-58581000 http://www.hep.com.cn

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

Z W wewmBEEBEITERAR ¥3EHE  hitp://www.widedu.com
B Rl bR es R ERRIA BRA F

AR & 20024E 12 A% 1R
F & 889x1194 1/16 20074F 8 A5 2 Wit
Ep % 39 Ep B 200749 A 1 KETRI
F ¥ 1000000 E#H 520000 )

APUAGRTT, BT, BRITAER R R, 20T R R T R R,
BErE SRR
WES 22087-00



Manuel C. Molles Jr. 2588 ( New Mexico ) K2EAM)
HREIBIREFZ, 19758 — HAEX I R N A B e A s A 15 37
TAE, FHHUEPERAEY)2# Y1 ( Museum of Southwestern Biology ) 11,
flt APEEERF (Humboldt ) S R=£3RFGHR 2+, FEWEAIRIR (Arizona )
KEAEDS GHAEY 2 R0, N T S B 2 R T
R S5 T M . I ( Caribbean ) FIRKYH M 3 AE 2L BEAIWFSE T
YEo MR 3RAS B A4y (Fulbright ) BFFE R4 BRI 4 F AT A= 52
WHIE, 2 BITERI%T A Coimbra REFNY2E R . PHPEF SR ( Madrid )
T R2E/K L4550 % . Montanna K 2# Flathead 4= )2 T AEul $H4F 15
ETEZ €58

YER— 2GR R A A Y1242, Manuel C. Molles Jr. 7657 58
PUBRF R 2 BN S A 25T . MR ST VE BRI w2 B2k 2
JBIR, WIEATRERY . MBEYE . BRRAESY . AR RGEAES¥ . &
TR EY R, DURCRRBESIRRGE (JE/REHE ) X 78 R a3 A s
ARG A SR AR FE T AR AR 5 A MR T A a3 LU X Rh A
T PR RS SR AE S . AWM ollesEH-ARHIFAETE, fhziinir
Go. AR RFRANES, WE IR A RARAMAZIb /e AT RRMF E L
Ko TERERPERIRY:, MBEANR)Z, QRS SEEAuT A im R ey
SEVFER, BHEFAERSE . BAAESE . WRAYRE . TR | YRR S
HEBRGHESY; TEMEZF Coimbra K 2EPHZT 2R LA AE 241 ;. 7EFlathead
WA TAES UG AR A2 . b KRNI RS2 . Molles P+ /& 1995—1996
SEFERT BT R KW, 2000 4EAH Y4 A52# Potter Chair ( YHEEHAZ ).




Manuel C. Molles Jr. 431 ¢ Ecology: Concepts and Applications ) ( 2nd
edition ) FENR I IREA44E, hFRARB ., S5HATE, AR Y IR B %
R, ZBERESFEREERTZ . BERSHE Bt IR G 21T
B4R, TR HAET ,

AN BRI REHF . FREHESER, 55 2M0H LA %A 81
BEERR R, iz A S Se BRI R, AT LA B3R R R A 2 S A A2 1 %
B, EAERA . UrifR S mhsr IR A RS A A FE N R B RR ARk, R
HIEMEE AT B, P28 “SSSMA" s, Z#ERBra—
B (BRE—ET |55 ) HESDEEMSHE NS, Tt P REMEIRFHPIR
RFTLALFMEE:, BMEESWIR T EMBIAAI AN, 2 AR ERREERR
“ERITUESE” . “VERIESE” FEE P SCFHESFBE, i b3k B/ R in i) 240
ZIEE )G, DLEBINNGERE A A S R FEAT A B . ERAICIZH
Hi. wfa, “fEZ¥ 90" (Online Learning Center ) (Mik: www.mhhe.com/
mollesde)$2fit T KBS H AR A% H B . XEHE F O EAR BT S hE
A HEE R U IS, X R SRERSFRIT KRR FrEsRxsmn
KRR, RERMER

FBANRENE L SE 2 MAE, 23 B PEEEABIT, AFERLENEM,
HIEBR DR R LR, lIESER, BEURRR MR RIRIL . BR—r. BARRIBHUS,
THILE FIBAEER S P AL o,

MK
2007 4£ 3 A



Fh2 R B BE A AR AR A 522 X R TE AN WA P 2B B T W KB PRIR, 2R S A A
AR R PR R 5 A S R R PR R R U A S R B — DR T8 I Bee A PR
Sl IR R TR, BATRRAESZNE N ITEEHSZ AR BT, BXERERATIRERMA A,
BAFEESFIR EE AP0 R . BB, JF HbE [ R R R REARH . ARili, &
PSR AL B T EE TR O B 4 222 HERT REAR A M 52 X AT 55

—. EENE

REXAFRN TR EREATFRENFAER], FLEE X TIRERZZAENC R4 T mes
A —LEERRIR, IF BABITE B @AY ——— T A B | AR PRI N A TR AR

IR R R, RS T 4
RESAELSE, RAAXRBRTE)

=, FAEE

7E 1991 SFEFEHTM (Texas ) 22 %4 JE R (San Antonio) BIFHISEEAEBFAEERW E, FEAWATESK Paul
Rissers il £ 52 BUMEACMA 1B TE BB P B MU B ZMEE B MERIRA D — A RIA WL i1,
BlanAZs%, ST BEA S, ABATRATMA R — N EARRERMIEE . AR, Risser HILFRATRE T HEAM
&b, XFERUAT R A AR R AELR, B LR . A BiKEI K Risser NS, A>3
B2 2~5 D EEMEHTHR, iFES TERMCIL, BAH, BRWIW 4S8 AL GBR T 2R A /D %
RWAESFME, BEFZHY EEEAGREN. 8 Ehihe s, e SRAMKTE, REfEAms|
B SEA RS S FHRPTIE T Bk, TIefEMR R, REAWRE, Bt R mikfT e
PERFTERIBE R o LERSLIX MRS AR AR NG E ok, A Gl FEWR TS St Ae e o], JF i B
A LI FR

B 2 FRRETESF
%, RERMEGFRERHERAE
HESATA—H L, XHLE
KAHM B EERRAFETES

=, FhiH=
WRIERZLH FRE R, MAFPA 23FTEHHAT T-IT. 5 BINHEE ORI, FERBEREM,

\



i

Vi B

FhFEBRAD R I R, MIESR, (R EBMATMIRIRL ., R —, WA B N AT T
AR, FEOR B =R UG & 2 53Tk .

j@Tﬁ?Eﬂ%ﬁélﬁf—ﬁﬁjﬁ%{nEﬁ TP RABE R AT T B2k, B, %ﬁﬂﬁ%?’]tﬂmﬁu, AR

TIHE AR BRI TF 3L MBS, #BEAT TS . ITIQ*%/D\%E%UMIQ\Ej/u\ S5, IHMEY
ﬁfﬁiiﬁtﬂﬂlo XA, IR dRnSs sRAR hy o
HETE IR T o B —A> “BITUEHE” (Investigating the
Evidence ) H3CAHER TS, ZEHH B RS Bttt T
i, IR E MO T R bR,

jﬂTﬁ%‘Eﬁ%ﬁEE?E?E‘JWEM, I T 24018 : e

BE, B MMESTHETALL “BEE B s

Efa ﬂﬁﬁﬁfiﬁﬂbﬂ:%iﬁ%*mﬁﬂ TIARLEE, W o
AT S SEBEFE I H BRI ST B AR . R FTIER” ;
oA “PESUEYE” ( Critiquing the Evidence ) H
B, BERER—Gi2E E A R4 E‘Jlxﬂ”
FH,

B IATANBER 240238 “BESE S YRS
IEdR” BB TR,

B EETAR I B AR REAR A 1 08T PR IA)IC

M., BESX@EEESHITAR

SRR AR, ©oh EEME S A PR AR AL T LSRR B, AR A AR e JE AT S R A
GV, A RSB, WE AR LAY — bARAK R S BEANTHP BRI T
RGO SR B T IMRESY; B3R TRBE A A2, ST A AP 4
FOHIELAE s SR AR MEAREE SAERRGAER S BG, BATMTEAREASY, GiFESHaEWEA
F IR RIS, RS IS A AR RN, M, AR R E
G, HEEEES TR IIA TS, UXTEA BRI S — B g,

FETWL

TERR =8, WO TR DUANR, BT TR R IR, 2 S nfie e,

FESENE, WIMT X THE . SR C, MY U E M LIRS 18 2 ( MIEE A REHE Liebig’s law ), 4 193
(FRIMEER ) FI%E 23 B (K CO, 8 ) WIZ2 X5 I ZEH .

ESHLE, SIATRE/REHAE (Hamilton’s rule ), HELARTHIR FX— 35 HR T EHA o (eusociality ) #£{k
MIRES, JFEEAT TIRGELMRES—3B0, IR T — ASB R AT, BNAT A 25254 SRR o B A

FERNE, LB RASARS AR MES, — D BETPIREER, B RET AR B, EATFHE
(' metapopulation ) FJIFIEE MEE 3 MUSE LEE RS BIA IR 25,

FES 50, FUNNSESFREERI K PO DA K 2 BR A 0 G50 B 3 37

FES =5, SEIPE MR T L THRE IR, AT B bR e BE TS,
JEHABTT AR T AT 58 L8

R =5, EH T RASEIR, BT R EIBRAR R TR 24 i B T A G 4 BR
ARA, UG B A AT T F B 358 A0 A 25 X6 4 BRAS BB f 1 5 BB T RERKWIESHIMNE (US Long
Term Ecological Research Network 5 US LTER Network ) #I[EPx LTER 45 (#4158, 3% [E LTER W%
] ) BT



=
i
=

H. UBEHERDZTHSS

—E5|FAh, B
P TAFAER . BT
ﬁMﬁ%EHEE%W%éﬂﬁié%#ﬁTﬁ A K s 3
Sl g I, N } JL/I\ji Hovsd = H5EHHNRE
¢ﬁﬂzﬁiﬁiiﬁm$zgﬁztéz§2%;§gﬁﬂm,ﬁ%§;i§?$ ;
AR A_L‘ BT AER v lj;]?é". AR . S %‘ZE’ >
ﬁmi%:ﬁiﬁ%ﬁmgigggﬁggﬂﬁﬁﬁﬁ%§§$§£Tg%%%ﬁﬁﬂggzwiﬁﬁﬁaﬁ
' HES RS, AR S e S HE A Y : i
i, ATHIPIE T [ A g s i ey
E EHH R 3 B R, : b ey S i)
W& ABKE R 51 i T 4% &, BRI HOMAT, HIFERK
YR BR TR 1A 97 VI 45 S FF A BRMISERIH ORI, BHEX
Eﬁigiggggmﬁoﬁﬁ%ﬁﬁ?zzz%ﬂ%%i*’EﬁﬁfiggﬁM§ﬁmMEﬁ@i’**
ﬁ%ﬁﬁ:ﬁﬂ%tﬁﬁgﬁgggu@%ﬂi?ﬁ%ﬁﬁ%ﬁﬁ%ﬁo
Y, A &
ﬁi%ﬁﬁéﬁ%g%%ﬁ1n a%\o

AW, A1
B T 9 5 P
~ %E‘Jf‘i{ﬁ%lﬁﬁ il " %ﬁk?‘ﬁzi i ‘ : \1§
m.mg¢ﬂ¢ﬁﬂﬁﬁﬁiﬁm§%mo@¢ﬁ%¢m5$mmfmzmmgﬁ(gﬁﬂggm);

EM;& @ﬂﬁE%%Tﬂ%IiﬁmEBﬁ%ﬁiﬁ%ﬂmmim%
JIZ)EE?&_?‘% K “‘/\ B@';%iﬁﬂ‘] =]

VS MAA ﬁ[]]ﬂ:ﬁg

B, A5k, PFHS
Mo

AT 18 i ttetactions: Pregiy, Herivry, p,,

wasitism, wnd i Discuse
Using Predators ¢,

Para
acy

Omiaiy can pey
VEE treated parjoy
is cony

chiston P IRUCA with o varigry o
How At olien reinfocieg, (e
1ol progry tht rely ooty o
S AN Controtth sy o
the popularion,
Methods 0 singif o

othe discuses aflicy yppey

M the planey, Paticularty jn o
5. Despite intenxiye

healih can Aystems and iy
Dosts.for g
w ix

A Parasites, The fo;
hun

ople. The Potcntial of o
BEaNe i Mehistosomying ek by Seliosom, Qe Of those countriy 3y
s 200 millon peopie, S Kema's poputarion jnct 1102 mitfign peyye
HeCtion causc by by hiected With Schigrgcomn Health oificials are'cqnue
0 by this pagagi At the tumber of ¢y o
scope i

et approyyin

COUntrics are ey,
IS i b

rch.
1y Of Predatony 1o contyoy the ho

St and oy da
Community 1 g weh B4V the growgt of wnait
<. the probleny of eDially an ceufogic, Kenyan health oppi
one. n.ummmrn.nu,un. e, lifaceted play o
Much of i COMPIenity is due 1 € Cyelo of the CIENDS i hes
e (18, 14.20), St
e SO il an g o Phase in by
el th Slage of St that ity gy, g
released by sl jnge e water, Ci
Bumans in sincams, o
Some Schissasomy infee
bty nfect lhe urinay oy Humans
e or deficare AT complere he
cilitating the ey of

5

are developi)

ol of schivtasomiggy.
USE predatons tg ey

101 the parasite’ gy nuils

umans, The

it plan is 1o

11 Predatons being tesieq gy 5 effectiveneyy
SRS Procumburyy g i, Which,

LS Wilh Py iy lacked
. Erkumbarie iy oy qugisn
10 Kenya. ocologisis and egpt OMcials are, proceeding

Fugore 14,29




[l

vii B
“PRETIER” SCFHE: SXLCT MM LA R TR TRBE TR AV S RIS H2 R oT i
T, EHA G REPEIRAMN, FNEELHTU . “RINEE" RISCHRENE TG, Bk TRy
K8, RJE 20T AR AN B R TSI, S5 — M S F it — B9 T3k 2 a5,

KA BN BAFH
B2 A0 8 IR LT

Ao~
o

BERMEL:
® /N RU/NGSEE T AR N AELAT, h T FRUCRIAA S BN, R4 /NG B X A

TR FRR, HHE—RETE R,

® AR

o ZREH BOtE I BEERN T WA EMRARE LG —MES, REBRRNWL, 55 5825
BN FAARMI BN C A FRIZS [, 51525 1A 250 57 ) 3 B A S

© SEIBABIARL R LU I AR B TGS, SR R A 1 Hh 1 T DS AR T A S P A
(FRBREFEENTRN TWEARFI BN, HLRREREI, BH B Bk A2 S 21 s 000

JEIIBFFTIRSC, Ao — BT R AR AL T (8 48 A P 2530 A R O B
gt Bk,

/N

PR
® [k HRA 3 KR “GitRT, “MEEIBEEAR" A “RIGEREB L ISR 7Y

LR ST RS B
o Rif%
® S ik %%iﬁ%&@ﬂ%%ﬁ%ﬁ%%ﬁ,%W%¢*%i§§%ﬁﬁﬁﬁzkﬁémwﬁogﬁ



il 1
x

1]

He SRR H AR 2 — N 2425 | S B A ARG EE B 0, AR A5 3 Fo A3 %S0k
5 | R B b B BRI O R EANHE Fr b 7 B RERE
® 5|

R SRR, RAN

Ny BEFEIHFE

AREHIFELF T L (M. www.mhhe.com/mollesde ) $4E T ZFp2g 2 YRR, b2k B P 2%R
AL O . PRI T S AR st B Y24 S .

® 5645~

® 5T bR AR

® Ll . HEFBUFHLIEE T

® Zfjii|

o M RIEM

o XIEME ( RHFI )

® LIS EHAE

® ‘LEANAE  IREER A R SR b R

® i«

o CHEARIEHIAE

o L) A= TE TR

t. i

T BB SE AR AE TT T RIM 2R A 4 S R TE AR, SR, ZESS4RT &3 #2H, Eric Charnov,
Scott Collins, John Craig, Cliff Crawford, Cliff Dahm, Tim Lowrey, Randy Thornhill, Eric Toolson #1 Robert Waide %5
ZAL 2 R B TR T A A AR L, B T RN BEE, AT TEH, M 4R ITH RIS LAk
ST T o BENFHVERNGPEEBAR, M T i[RI ATR A B TR 5 2 5 A A2 — 2515 1 7 s R e 22,
Hoh, WERGRREVFZ AR, B, A48 4 A ) RS S O R B R A

FALELRE S 4 UETTIHIE] McGraw-Hill 92 %k N R7ERA I RGE R P A TGN 5185, kst
IS Marge Kemp, Brian Loehr, Joan Weber, Tami Petsche, Dan Wallace, Laurie Janssen, Melissa Leick, Judi
David, Gloria Schiesl, Carrie Burger Fl Laura Fuller,

RJEREEH A ZKE, F75|/&Mary Ann Esparza, Dan Esparza, Hani Molles, Anders Molles, Mary Anne Nelson
i Misha 7E56 4 MUBTT P A TR

TR HBAE , MR T RIULSA R ERARZ S5, ZRMRk A1 A A [ 128 048 B3 A 2800043 R R A,
ABEREE AR ARG, 2BFE, BERMRAR ZHEIE, tEARRE, &AM, Higm, s
AATHRRE B, BEANATRETE R 4 MUBITIES K.

B4 RREHEREE:

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



i

Bl

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—Jacksonville
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 Rutgers University

Thomas W. Jurik  Jowa 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.



£ 1 &5

£ 11 #H45

£ IV &5

% V&S

£ VI 545

1515 HARES¥? 1

BAEE 11
2 b bAEM 12
3 KeotEfr 47

Mk 81

4 REXRR 82

5 KXHE 108

6 RERAEFRXR 133
7 SRR 157

ThEFESE 183

8 FhEfmifEE S AR 184
9 MM EZE 210

10 FrEEZhA 231

11 PR 254

12 AjEE 272

HE{ER 297

13 34 298

14 FHEFIFGOMEEER: ME., 85, F4EFER 320
15 BHFAE 347

BEMETRS 369
16 YFhZERMEZREME 370
17 FrEIVERFBEELSH 391
18 WP AEFHEER 411
19 FAMERFURSE 432
20 THEMERENE 454

KREESE 480

21 FMAERY 481

22 HIAERF 506

23 2FRERE 530 .
Xl



Pref: % . :
AL i @hgpter 3 Lifein Water 47
@hapter 1 Introduction: What Is Ecology? 1 Concepts 48
Overview of Ecology 2 3.1 The Hydrologic Cycle 48
The Ecology of Forest Birds: Using Field Studies Concept 3.1 Review 49
to Test Theory 3 3.2 The Natural History of Aquatic Environments 49

Forest Nutrient Budgets: Inventories and Large-Scale
Experiments 5

The Oceans 49

3 ) Life in Shallow Marine Waters: Kelp Forests and Coral
Vegetation Change: Information from Pollen Records X @ardense 5

SudMote oy Investigating the Evidence 3: Determining the
The Nature and Scope of Ecology 8 Sample Median 55

Investigating the Evidence 1: The Scientific Method— Marine Shores: Life Between High and Low Tides 59

Qudstions sudbyporisses. D Estuaries, Salt Marshes, and Mangrove Forests 62

Rivers and Streams: Life Blood and Pulse of the Land 67
I Lakes: Small Seas 71
Section Concept 3.2 Review 77

NATURAL HISTORY Applications: Biological Integrity—Assessing the Health
of Aquatic Systems 77

m)ter 2 Life on Land 12 Numb.er of Speci.e.s and Species Composition 77
- Trophic Composition 77
Terrestrial Biomes 14 Fish Abundance and Condition 77
Concepts 14 ATest 77
2.1 Large-Scale Patterns of Climatic

Variation 14 . II

Temperature, Atmospheric Circulation, Section
and Precipitation 15 INDIVIDUALS

Climate Diagrams 16

Concept 2.1 Review 19 ., .
! Bibpter 4 Temperature Relations 82

Investigating the Evidence 2: Determining

the Sample Mean 19 Concepts 83
2.2 Soil: The Foundation of Terrestrial Biomes 20 4.1 ‘Microclimates 83
Concept 2.2 Review 21 Altitude 83
Aspect 84

2.3 Natural History and Geography of Biomes 21
21 Vegetation 84

Color of the Ground 85
Presence of Boulders and Burrows 85

Tropical Rain Forest
Tropical Dry Forest 23
Tropical Savanna 25

Desert - 27 Aquatic Temperatures 85

Mediterranean Woodland and Shrubland 30 Concept 4.1 Review 86

Temperate Grassland 32 4.2 Temperature and Performance

Temperate Forest 33 of Organisms 87

Boreal Forest 36 Temperature and Animal Performance 87

Tundra 37 Investigating the Evidence 4: Laboratory

Mountains: Islands in the Sky 40 , Experiments 88

Concept 2.3 Review 43 Extreme Temperatures and Photosynthesis 89

Applications: Climatic Variation and the Palmer Temperature and Microbial Activity 90

Drought Severity Index 43 Concept 4.2 Review 91

Xii



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

ﬁ?ters 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

Bhapter 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

ibpter /  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 g I g

POPULATION ECOL

|®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



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

Adaptive Change in Colonizing Lizards 198

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

205

204
Concept 8.5 Review

Applications: Estimating Genetic Variation in

l(‘apter g}

Populations 205

Molecular Approaches to Genetic Variation 205

Population Distribution
and Abundance 210

Concepts 212

9.1

9.2

9:3

9.4

Distribution Limits 212

Kangaroo Distributions and Climate

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

212

216

Patterns on Small Scales 216
Scale, Distributions, and Mechanisms 217
Distributions of Tropical Bee Colonies 217

Distributions of Desert Shrubs 218

Concept 9.2 Review 220

Patterns on Large Scales 220

Bird Populations Across North America 220

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

Plant Distributions Along Moisture Gradients 223

224

Organism Size and Population Density 224

Animal Size and Population Density 224

Plant Size and Population Density 225

Concept 9.4 Review 226

Concept 9.3 Review

Applications: Rarity and Vulnerability to

Extinction 226

Seven Forms of Rarity and One of Abundance 226

l(‘tapter 10 Population Dynamics 231
Concepts 233

10.1

10.2

10.3

10.4

10.5

Dispersal 233

Dispersal of Expanding Populations 233

Range Changes in Response to Climate Change 234
Dispersal in Response to Changing Food Supply 235
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
239

Patterns of Survival 239

Concept 10.2 Review

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 244
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

Investigating the Evidence 10: Hypotheses and
Statistical Significance 249

Applications: Using Population Dynamics to Assess

the Impact of Pollutants 250

[@apter 11 Population Growth 254
Concepts 255

11.1

11.2

11.3

Geometric and Exponential Population
Growth 255

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

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

Environment and Birth and Death Among Gal4pagos
Finches 262

Concept 11.3 Review 266

Applications: The Human Population 266

Distribution and Abundance 266
Population Dynamics 267
Population Growth 268

239



[@apter | 2 Life Histories 272

Concepts 273

12.1 Offspring Number Versus Size 274
Egg Size and Number in Fish 274
Seed Size and Number in Plants 276
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
Opportunistic, Equilibrium, and Periodic Life
Histories 288
Reproductive Effort, Offspring Size, and Benefit-Cost
Ratios 290
Concept 12.3 Review 291
Applications: Using Life History Information
to Restore Riparian Forests 291

Section
INTERACTIONS

Fehapter Competition 298

Concepts 300

13.1 Intraspecific Competition 300
Intraspecific Competition Among Plants 300
Intraspecific Competition Among Planthoppers 301
Interference Competition Among Terrestrial Isopods 302
Concept 13.1 Review 302

13.2 Niches 302
The Feeding Niches of Galdpagos Finches 303
The Habitat Niche of a Salt Marsh Grass 304
Concept 13.2 Review 305

13.3 Mathematical and Laboratory Models 305
Modeling Interspecific Competition 305
Laboratory Models of Competition 307
Concept 13.3 Review 309

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
Competition and the Niches of Small Rodents 311
Character Displacement 312
Investigating the Evidence 13: Field

Experiments 315

Evidence for Competition in Nature 316
Concept 13.4 Review 316

Contents XV

Applications: Competition Between Native and
Invasive Species 316
KEhapter Exploitative Interactions:
Predation, Herbivory,
Parasitism, and Disease 320

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
Investigating the Evidence 14: Standard Error
of the Mean 330
Concept 14.2 Review 330
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
Models 334
Concept 14.3 Review 336
14.4 Refuges 337

Refuges and Host Persistence in Laboratory and
Mathematical Models 337

Exploited Organisms and Their Wide Variety of
“Refuges” 338

Concept 14.4 Review 342

Applications: Using Predators to Control a Parasite 343

Ehapter Mutualism 347
Concepts 349

15.1 Plant Mutualisms 349
Plant Performance and Mycorrhizal Fungi 349
Ants and Swollen Thorn Acacias 352
A Temperate Plant Protection Mutualism 355
Concept 15.1 Review 356

15.2 Coral Mutualisms 357
Zooxanthellae and Corals 357
A Coral Protection Mutualism 358
Concept 15.2 Review 359

15.3 Evolution of Mutualism 359
Investigating the Evidence 15: Confidence

Intervals 360

Facultative Ant-Plant Protection Mutualisms 362
Concept 15.3 Review 363

Applications: Mutualism and Humans 363
The Honeyguide 363
Guiding Behavior 364



XVi

Contents

W 'y
. W/

Section

COMMUNITIES AN

%pter

Concepts

16.1

16.2

16.3

16.4

Applications: Disturbance by Humans

Species Abundance and
Diversity 370

372

Species Abundance 372

The Lognormal Distribution 372

Concept 16.1 Review 373

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

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

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 16.4 Review 385

385

Human Disturbance: An Ancient Feature of the
Biosphere 386

Disturbance by Humans and the Diversity of Chalk
Grasslands 387

Species Interactions and
Community Structure 391

Concepts 392

17.1

17.2

Community Webs 392

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

Keystone Species 394

Food Web Structure and Species Diversity 395

173

17.4

Applications: Humans as Keystone Species

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
Intervals to Compare Populations 401

Concept 17.2 Review 403

Exotic Predators 403

Introduced Fish: Predators That Simplify Aquatic Food
Webs 403

Concept 17.3 Review 405

Mutualistic Keystones 405

A Cleaner Fish as a Keystone Species 405

Seed Dispersal Mutualists as Keystone Species 405

Concept 17.4 Review 406

406

The Empty Forest: Hunters and Tropical Rain Forest
Animal Communities 406

Ants and Agriculture: Keystone Predators for Pest
Control 407

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

18.3

18.4

Patterns and Models 416

Whole Lake Experiments on Primary
Production 416

Global Patterns of Marine Primary Production 417

Concept 18.2 Review 418

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
Trophic Levels 424
A Trophic Dynamic View of Ecosystems 424
Energy Flow in a Temperate Deciduous
Forest 424
Concept 18.4 Review 426

Applications: Using Stable Isotope Analysis to Trace

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

Energy Flow Through Ecosystems



