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This book was written for students taking their first under-
graduate course in ecology. I have assumed that students
in this one-semester course have some knowledge of basic
chemistry and mathematics and have had a course in general
biology, which included introductions to physiology, biologi-
cal diversity, and evolution.

Organization of the Book

An evolutionary perspective forms the foundation of the
entire textbook, as it is needed to support understanding
of major concepts. The textbook begins with a brief intro-
duction to the nature and history of the discipline of ecol-
ogy, followed by section I, which includes two chapters on
natural history—Ilife on land and life in water and a chapter
on population genetics and natural selection. Sections II
through VI build a hierarchical perspective through the
traditional subdisciplines of ecology: section II concerns
adaptations to the environment; section III focuses on
population ecology; section IV presents the ecology of
interactions; section V summarizes community and ecosys-
tem ecology; and finally, section VI discusses largc-scale
ecology and includes chapters on landscape, geographic,
and global ecology. These topics were first introduced in
section I within a natural history context. In summary, the
book begins with the natural history of the planet, consid-
ers portions of the whole in the middle chapters, and ends
with another perspective of the entire planet in the con-
cluding chapter. The features of this textbook were care-
fully planned to enhance the students’ comprehension of
the broad discipline of ecology.

Features Designed with the
Student in Mind

All chapters are based on a distinctive learning system, fea-
turing the following key components:

Student Learning Outcomes: Educators are being asked
increasingly to develop concrete student learning outcomes
for courses across the curriculum. In response to this need
and to help focus student progress through the content, all

sections of each chapter in the seventh edition begin with a

list of detailed student learning outcomes.

Introduction: The introduction to each chapter presents
the student with the flavor of the subject and important
background information. Some introductions include
historical events related to the subject; others pre-
sent an example of an ecological process. All attempt

to engage students and draw them into the discussion that
follows.

Concepts: The goal of this book is to build a foundation of
ecological knowledge around key concepts. I have found that
while beginning ecology students can absorb a few central
concepts well, they can easily get lost in a sea of details. The
key concepts are listed at the beginning of each chapter to
alert the student to the major topics to follow and to provide a
place where the student can find a list of the important points
covered in each chapter. The sections in which concepts are
discussed focus on published studies and, wherever possible,
the scientists who did the research are introduced. This case-
study approach supports the concepts with evidence, and
introduces students to the methods and people that have cre-
ated the discipline of ecology. Each concept discussion ends
with a series of concept review questions to help students
test their knowledge and to reinforce key points made in the
discussion.
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Illustrations: A great deal of effort has been put into the devel- expressions that arise to help students overcome these chal-
opment of illustrations, both photographs and line art. The goal lenges. In some cases, mathematical expressions are dissected
has been to create more effective pedagogical tools through in illustrations designed to complement their presentation in
skillful design and use of color, and to rearrange the traditional the associated narrative.

presentation of information in figures and
captions. Much explanatory material is
located within the illustrations, providing
students with key information where they
need it most. The approach also provides
an ongoing tutorial on graph interpreta-
tion, a skill with which many introductory
students need practice.

Detailed Explanations of Mathematics:
The mathematical aspects of ecology
commonly challenge many students
taking their first ecology course. This
text carefully explains all mathematical

Figure 10.14 pan
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“Investigating the Evidence”” Boxes: These readings offer
“mini-lessons” on the scientific method, emphasizing statis-
tics and study design. They are intended to present a broad
outline of the process of science, while also providing step-
by-step explanations. The series of boxes begins in chapter 1
with an overview of the scientific method, which establishes
a conceptual context for more specific material in the next
21 chapters. The last reading wraps up the series with a dis-
cussion of electronic literature searches. Each Evidence box
ends with one or more questions, under the heading “Critiqu-
ing the Evidence.” This feature is intended to stimulate criti-
cal thinking about the box content.

Applications: Many undergraduate students want to know
how abstract ideas and general relationships can be applied to
the ecological problems we face in the contemporary world.
They are concerned with the practical side of ecology and
want to know more about how the tools of science can be
applied. Including a discussion of applications in each chapter
motivates students to learn more of the underlying principles
of ecology. In addition, it seems that environmental problems
are now so numerous and so pressing that they have erased a
once easy distinction between general and applied ecology.

End-of-Chapter Material:

* Summary The chapter summary reviews the main
points of the content. The concepts around which each
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chapter is organized are boldfaced and redefined in the
summary to reemphasize the main points of the chapter.

» Key Terms The listing of key terms provides page num-
bers for easy reference in each chapter.

* Review Questions The review questions are designed
to help students think more deeply about each concept
and to reflect on alternative views. They also provide
a place to fill in any remaining gaps in the information
presented and take students beyond the foundation estab-
lished in the main body of the chapter.

End-of-Book Material:

» Appendixes One appendix, “Statistical Tables,” is
available to the student for reference. Answers to Con-
cept Review questions and answers to Critiquing the
Evidence are now available with the book’s instructor
resources.

* Glossary List of all key terms and their definitions.

* References References are an important part of any
scientific work. However, many undergraduates are dis-
tracted by a large number of references within the text.
One of the goals of a general ecology course should be to
introduce these students to the primary literature without
burying them in citations. The number of citations has
been reduced to those necessary to support detailed dis-
cussions of particular research projects.

* Index
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New to the Seventh Edition

The seventh edition expands the pedagogy by beginning
all sections of every chapter with a list of student learn-
ing outcomes—over 450 student learning outcomes in all.
These outcomes are largely based on fundamental learning
outcomes for material covered in the text:

1. Define key terms.

2. Explain the main concepts.

3. Evaluate the strength of research presented in support of
main concepts, including a critique of study design.

4. Interpret statistical evidence bearing on concepts,
expressed in graphical and numerical form.

5. Apply the main concepts to interpretation of new
situations.

A content thread focused on global change has been
developed and distributed across chapters, emphasizing
global climate change. Students and instructors increasingly
look for ways to connect the concepts and practice of ecologi-
cal science to environmental issues arising from global climate
change. The present edition explores how species are adjusting
their distributions and their critical life history events as cli-
mate changes. The final chapter ends with a review of projected
impacts of climate change on ecosystems and human popula-
tions, infrastructure, and economic systems.

This edition also builds on previous discussions of
human disturbance of ecosystems to consider how damaged
ecosystems can be restored. The extent and intensity of human
impact on the biosphere grows with our population and expand-
ing global economy. While climate change is the most promi-
nent aspect of contemporary global change, other facets, such as
damage or destruction of ecosystems, also call for solutions. As
a result, there is greater need to restore damaged communities
and ecosystems. In this context, the new edition adds an intro-
duction to the practice of ecological restoration, focusing on how
the process of restoring ecosystems can benefit from concepts
developed in academic studies of community and ecosystem
succession.

The relationship between biodiversity and ecosystem
function is introduced through the positive influence of pri-
mary producer diversity on rates of primary production.
Studies of biodiversity and ecosystem function are key elements
in ecology’s foundation. Connecting these elements helps create
conceptual coherence across the discipline. A growing body of
recent research does just that. Therefore, this edition includes a
new section on the connection between biodiversity and ecosys-
tem function.

The seventh edition introduces developments in trophic
ecology that build on classical models of predator-prey inter-
actions. The early to middle twentieth century was a golden
age for theoretical ecology. However, those developments have
not stopped. Contemporary ecologists continue to build on that
legacy, improving our representation and understanding of eco-
logical systems as they do so. The seventh edition updates the
discussion of consumer functional response by introducing alter-
native models based on the ratio of prey to predator numbers

rather than prey density per se. This discussion is coupled with
reviews of experimental and field studies that support the ratio-
dependent models.

The present edition connects ratio-dependent models
of functional response to patterns of consumer abundance
and secondary production in ecosystems. Previous editions
have provided thorough coverage of the ecology of primary
production in terrestrial and aquatic ecosystems, but second-
ary production has received much less attention. This seventh
edition addresses this deficiency by including a section that
covers the fundamentals of secondary production. The intro-
duction to secondary production in this edition is presented
in the context of consumer responses to variations in primary
production.

New supplementary materials are placed online. Materi-
als cut from the sixth edition and those previously cut from the
fifth and fourth editions are available online. Suggested read-
ings have been updated and placed online, along with answers to
Concept Review and Critiquing the Evidence questions.

Significant Chapter-by-Chapter Changes

In chapters 1 to 23, numbered learning outcomes were
added to all concept discussions and Evaluating the Evidence
and Applications features. The average number of learning
outcomes added to each chapter is 20.

In chapter 10, a new Applications feature explores evi-
dence that plant and animal ranges have shifted northward and
to higher latitudes in the Northern Hemisphere during the recent
period of rapid global warming. This is the beginning of the
global climate change thread in the seventh edition. However, the
presentation builds on earlier content in chapter 1 on population
responses to climate change, including evolutionary responses,
and in chapter 4 on temperature relations of organisms.

In chapter 12, a new Applications feature reviews studies
that have shown shifts in the timing of flowering in plants and
of migration in birds in response to climate warming. The dis-
cussion complements the earlier discussion of shifts in species
ranges in chapter 10 by demonstrating that climate warming is
not just inducing organisms to move in response to global warm-
ing but also adjusting their life histories.

In chapter 13, the Lotka-Volterra equations have been
modified from previous editions to make them more standard,
less cluttered, and easier for students to follow, which is essen-
tial, since these equations are the foundation of the mathematical
ecology covered in the text.

In chapter 14, we revisit predator functional responses
first introduced in chapter 7 by evaluating alternatives to those
models. The Lotka-Volterra models of predator-prey interactions
published in the early twentieth century stimulated a long line
of research. More recently, researchers have offered alternatives
that help identify where those classical mathematical models,
with their simplifying assumptions, apply and where alternative
formulations better account for aspects of predator-prey inter-
actions, particularly at larger spatial and longer temporal
scales. The discussion in this chapter reviews how recent ratio-
dependent functional response models better predict predator



functional responses in experimental and natural settings. The
discussion helps to dispel the idea that mathematical ecology
ceased to develop in the mid-twentieth century and reinforces the
complementary roles of theoretical, experimental, and observa-
tional studies.

In chapter 18, a new concept connects primary producer
diversity to higher levels of primary production. The chapter also
includes a new concept featuring the relationship between levels
of primary production and secondary production. This discussion
provides a basis for introducing the fundamentals of secondary
production. This addition also revisits the ratio-dependent func-
tional responses introduced in chapter 14 by extending the impli-
cations of those models beyond predator functional response to
the trophic structure of ecosystems. The treatment also formally
introduces secondary production, filling a conceptual gap in pre-
vious editions.

In chapter 20, the fields of ecological restoration and
restoration ecology are introduced for the first time. Human
impact on the environment has altered ecological communities
and ecosystems in nearly every corner of the planet. Restoring

Preface xvii

structure and function to these systems emerges as one of the
great contemporary ecological challenges. Increasingly ecolo-
gists addressing this challenge are turning to the conceptual
framework of ecological succession to guide their work. Exam-
ples of such work are included in this chapter to help bridge
the historical divide between ecological theory and restoration
practice.

In chapter 23, the discussion of the Antarctic ozone hole
has been updated to 2013, including 35 years of data from NASA
on the size of the ozone hole. The pattern shows that the maxi-
mum size of the Antarctic ozone hole has stabilized, signaling
a basis for ozone recovery predicted by atmospheric scientists
over the next 50 years, providing a bit of good planetary news.
The growing body of climate change research, published since
the earlier editions of Ecology Concepts and Applications, has
greatly improved understanding of how earth’s changing climate
will impact ecosystems and human populations, if not stabilized.
A discussion of these impacts concludes this edition, underscor-
ing the relevance of ecological knowledge to sustaining natural
as well as human-centered systems.
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Abbreviations Used in This Text

degrees Centigrade

grams of salt per kilogram of water
geometric rate of increase
kilopascal

megapascal

newton

pascal

centimeter
square centimeter
cubic centimeter

gram
kilogram

milligram
milligrams per liter
micrograms per liter
terragrams

hectare

kilometer
square kilometer
cubic kilometer

meter

square meter
cubic meter
micrometer
millimeter
nanometer

micromole

liter
milliliter
microliter

calcium ion
chloride ion
won

potassium
magnesium
magnesium ion
nitrogen
sodium
sodium ion
phosphorus

actual evapotranspiration
photosynthetically active radiation

degrees south
degrees north

coarse particulate organic matter
fine particulate organic matter
Palmer Drought Severity Index

metabolizable energy intake
sample mean
sample size

sum of measurements or
observations

water potential of a solution
reduction in water potential due to
dissolved substances
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reduction in water potential due to
matric forces within plant cells
reduction in water potential due to
negative pressure created by water
evaporaiing from leaves

water potential of soil

water within plant cells

+ the relative concentration of the
heavier isotope, for example:
D, 13C, BN, or 38 in %,

total heat stored in the body of an
organism

heat gained from metabolism
heat gained or lost through
conduction

heat lost or gained by convection
heat gained or lost through
electromagnetic radiation

heat lost through evaporation

milligrams of water per liter
milligrams of water per
cubic meter

grams of water per cubic meter

water taken by drinking

water taken in with food

water absorbed from the air
water lost by evaporation

water lost with vatious secretions
and excretions

water taken from soil by roots
water lost by transpiration
internal water

phosphoenolpyruvate
phosphoglyceric acid
ribulose bisphosphate

ammonium
nitrite

ninate

elemental iron
ferrous iron
carbon monoxide

maximum rate of photosynthesis
irradiance required to saturate
photosynthesis

number of prey | encountered
per unit of time

energy gained by feeding on an
individual prey | minus the costs
of handling

cost of searching for the prey
time required for “handling” an
individual of prey |

sample variance

randomly amplified polymorphic
DNA

heritability of a trait
genetic variance
phenotypic variance

PCR

Q @
Q< ?\u u

E
K

GSI

N and N,
K, and K,

Dnaxt A0d Lz

H
Pi

log,
kcal

R<amplc

Rslnndurd

m,
myy

e

k
U

CFC

variunce in phenotype due to
environmental effects on the phenotype
total variation

variation due to gene-by-environment
interactions

unexplained residual variation

independent variable
dependent variable

Y intercept
regression coefficient; slope of the line

polymerase chain reaction

net reproductive rate
generation time
per capita rate of increase

maximum per capita rate of increuse:
intrinsic rate of increase

population size

number of individuals at time ¢
initial number of individuals

base of natural logarithms

chi-square

observed trequency of a particular
phenotype

expected frequency

carrying capacity

gonadosomatic index

population sizes of species 1 and 2
carrying capacities of species
| and 2
intrinsic rates of increase for
species | and 2

standard error
sample standard deviation

number of hosts
number of parasites or predators

significance level

true population mean

value of the statistic ¢, either calculated
or determined from a Student’s ¢ table

the value of the Shannon-Wiener
diversity index

the proportion of the ith species
the natural logarithm

kilocalories

the isotopic ratio in the sample. for
example, *C:2C or SN: N

the isotopic ratio in the standard. for
example, C:'2C or SN:N

mass of leaves at time £
initial mass of leaves

base of the natural logarithms
daily rate of mass loss

Miann-Whitney statistic

chlorotluorocarbons



Section

I

Section

11

Section

I

Section
X 7

s

Section

V

Section

VI

1 Introduction to Ecology: Historical Foundations and Developing Frontiers 1

Natural History and Evolution 4
2 LifeonLand 4
3 Life in Water 31
4 Population Genetics and Natural Selection 58

Adaptations to the Environment 75
5 Temperature Relations 75

6 Water Relations 98

7 Energy and Nutrient Relations 118

8 Social Relations 138

Population Ecology 161
9 Population Distribution and Abundance 161
10 Population Dynamics 180
11 Population Growth 199
12 Life Histories 210

Interactions 230

13 Competition 230

14 Exploitative Interactions: Predation, Herbivory, Parasitism, and Disease 249
15 Mutualism 272

Communities and Ecosystems 289

16 Species Abundance and Diversity 289

17 Species Interactions and Community Structure 305
18 Primary and Secondary Production 321

19 Nutrient Cycling and Retention 338

20 Succession and Stability 357

Large-Scale Ecology 381
21 Landscape Ecology 381
22 Geographic Ecology 401
23 Global Ecology 419

Appendix  Statistical Tables®©
Glossary 435

References®

Photo Credits 445



Introduction to Ecology: Historical
Foundations and Developing
Frontiers 1

B 1

Concepts 1

1.1 Overview of Ecology 2
Concept 1.1 Review 3

Section I
NATURAL HISTORY AND EVOL

ﬁpter 2 lifeonland 4

Concepts 4
Terrestrial Biomes 5
2.1 Large-Scale Patterns of Climatic Variation 6
Temperature, Atmospheric Circulation, and Precipitation 6
Climate Diagrams 8
Concept 2.1 Review 9
2.2 Soil: The Foundation of Terrestrial Biomes 9
Concept 2.2 Review 1] .
2.3 Natural History and Geography of Biomes 12
Tropical Rain Forest 12
Tropical Dry Forest 13
Tropical Savanna 14
Desert 17
Mediterranean Woodland and Shrubland 18
Temperate Grassland 21
Temperate Forest 22
Boreal Forest 24
Tundra 26
Mountains: Islands in the Sky 28
Concept 2.3 Review 29

[Ghapter 3  Life in Water 31

Concepts 31

3.1 The Hydrologic Cycle 32
Concept 3.1 Review 32
3.2 The Natural History of Aquatic Environments 32
The Oceans 33
Life in Shallow Marine Waters: Kelp Forests
and Coral Gardens 37
Marine Shores: Life Between High and Low Tides 40
Transitional Environments: Estuaries, Salt Marshes,
Mangrove Forests, and Freshwater Wetlands 42

Rivers and Streams: Life Blood and Pulse
of the Land 46

Lakes: Small Seas 50

Concept 3.2 Review 56

Applications: Biological Integrity—Assessing the Health
of Aquatic Systems 56
Number of Species and Species Composition 56
Trophic Composition 56
Fish Abundance and Condition 56
A Test 56

m_?pter 4 Population Genetics and Natural
Selection 58

Concepts 58

4.1 Variation Within Populations 60
Variation in a Widely Distributed Plant 61
Variation in Alpine Fish Populations 61
Concept 4.1 Review 63

4.2 Hardy-Weinberg Principle 64
Calculating Gene Frequencies 64
Concept 4.2 Review 66

4.3 The Process of Natural Selection 66
Stabilizing Selection 66
Directional Selection 67
Disruptive Selection 67
Concept 4.3 Review 68

4.4 Evolution by Natural Selection 68
Heritability: Essential for Evolution 68
Directional Selection: Adaptation by Soapberry Bugs

to New Host Plants 69

Concept 4.4 Review 72

4.5 Change Due to Chance 72
Evidence of Genetic Drift in Chihuahua Spruce 72
Genetic Variation in Island Populations 73
Genetic Diversity and Butterfly Extinctions 74
Concept 4.5 Review 74

Section II
ADAPTATIONS TO THE ENVIRONI]

(Chapter 5 Temperature Relations 75

Concepts 75

5.1 Microclimates 76
Altitude 76



viii Contents

Aspect 77 7.1 Photosynthetic Autotrophs 120
Vegetation 77 The Solar-Powered Biosphere 120
Color of the Ground 77 Concept 7.1 Review 124

Presence of Boulders and Burrows 78 7.2 Chemosynthetic Autotrophs 124
Aquatic Temperatures 78 Concept 7.2 Review 124

SOt R N 7.3 Heterotrophs 124

e Evolution.ary Teade Ot 79 Chemical Composition and Nutrient Requirements 125
The Principle of Allpcation. 80 Concept 7.3 Review 132

t 5.2 Revi
Concept 5.2 Review 8() 7.4 Energy Limitation 132

&3 Temp.erat.ure and Ererformance of Organisrns‘ 8 Photon Flux and Photosynthetic Response Curves 132
Investigating the Evidence 1: Laboratory Experiments 82 Food Density and Animal Functional Response 133
Extreme Temperatures and Photosynthesis 83 Concept 7.4 Review 134

Temperature and Microbial Activity 84

7.5 Optimal F ing Th 3
Concept 5.3 Review 85 ptimal Foraging Theory 134

Testing Optimal Foraging Theory 135
Optimal Foraging by Plants 136
Concept 7.5 Review 137

5.4 Regulating Body Temperature 85
Balancing Heat Gain against Heat Loss 85
Temperature Regulation by Plants 86
Temperature Regulation by Ectothermic Animals 88
Temperature Regulation by Endothermic Animals 90 &pter 8 Social Relations 138
Temperature Regulation by Thermogenic Plants 94 )

Concept 5.4 Review 95 Concepts 138

5.5 Summg Extreme Temperatures " 95 8.1 Mate Choice versus Predation 140

Inactivity 95 Mate Choice and Sexual Selection in Guppies 141
Reducing Metabolic Rate 96 Concept 8.1 Review 144
Hibernation by a Tropical Species 96 8.2 Mate Choice and Resource Provisioning 144
Concept 5.5 Review 97 Concept 8.2 Review 47
8.3 Nonrandom Mating in a Plant Population 147
‘Chapter 6 Water Relations 98 Concept 8.3 Review 142

8.4 Sociality 149

Concepts 98 Cooperative Breeders 150
6.1 Water Availability 100 Investigating the Evidence 2: Estimating Heritability Using
Water Content of Ain 100 Regression Analysis 153
Water Movement in Aquatic Environments 101 Concept 8.4 Review 156
Water Movement between Soils and Plants 102 8.5 Eusociality 156
Concept 6.1 Review 103 Eusocial Species 156
6.2 Water Regulation on Land 104 Evolution of Eusociality 158
Water Acquisition by Animals 104 Concept 8.5 Review  16()
Water Acquisition by Plants 106
Water Conservation by Plants and Animals 107
Dissimilar Organisms with Similar Approaches Section I II

to Desert Life 110

Two Arthropods with Opposite Approaches POPULATION ECOLOGY
to Desert Life 112 i
Concept 6.2 Review 114 (Chapter 9 Population Distribution
6.3 Water and Salt Balance in Aquatic and Abundance 161

Environments 114
. . Concepts 161
Marine Fish and Invertebrates 114

Freshwater Fish and Invertebrates 115 9.1 Distribution Limits 163
Concept 6.3 Review 117 Kangaroo Distributions and Climate 163

A Tiger Beetle of Cold Climates 164
Distributions of Plants Along a Moisture-Temperature
Chapter ¥ Energy and Nutrient Relations 118 Gradient 165
Distributions of Barnacles Along an Intertidal Exposure
Concepts |18 Gradient 166



92

9.3

9.4

Concept 9.1 Review 167

Patterns on Small Scales 167

Scale, Distributions, and Mechanisms 168
Distributions of Tropical Bee Colonies 168
Distributions of Desert Shrubs 169
Concept 9.2 Review 171

Patterns on Large Scales 171

Bird Populations Across North America 171

Investigating the Evidence 3: Clumped, Random,
and Regular Distributions 172

Plant Distributions Along Moisture Gradients 173

Concept 9.3 Review  [74

Organism Size and Population Density 175

Animal Size and Population Density 175

Plant Size and Population Density 175

Concept 9.4 Review 176

Applications: Rarity and Vulnerability

10.1

10.2

10.3

104

10.5

apter 10 Population Dynamics

to Extinction 177

Seven Forms of Rarity and One of Abundance 177

180

Concepts 180

Dispersal 182

Dispersal of Expanding Populations 182

Range Changes in Response to Climate Change 183
Dispersal in Response to Changing Food Supply 184
Dispersal in Rivers and Streams 185 ¢
Concept 10.1 Review 186

Metapopulations 186

A Metapopulation of an Alpine Butterfly 187
Dispersal Within a Metapopulation of Lesser Kestrels 188
Concept 10.2 Review 89

Patterns of Survival 189

Estimating Patterns of Survival 189

High Survival Among the Young 189

Constant Rates of Survival 191

High Mortality Among the Young 192

Three Types of Survivorship Curves 192

Concept 10.3 Review ]93

Age Distribution 193

Contrasting Tree Populations 193

A Dynamic Population in a Variable Climate 194
Concept 10.4 Review 195

Rates of Population Change 195

Estimating Rates for an Annual Plant 195
Estimating Rates When Generations Overlap 196

12.2

123

pter 1 1 Population Growth

i 12

Contents ix

Concept 10.5 Review 198

199

Concepts 199

Geometric and Exponential Population
Growth 200

Geometric Growth 200

Exponential Growth 201

Exponential Growth in Nature 202

Concept 11.1 Review 203

Logistic Population Growth 204

Concept 11.2 Review 206

Limits to Population Growth 206

Environment and Birth and Death Among Darwin’s
Finches 207

Concept 11.3 Review 209

Life Histories 210

Concepts 210

Offspring Number Versus Size 211

Egg Size and Number in Fish 212

Seed Size and Number in Plants 214

Seed Size and Seedling Performance 215

Concept 12.1 Review 217

Adult Survival and Reproductive Allocation 218

Life History Variation Among Species 218

Life History Variation Within Species 219

Concept 12.2 Review 222

Life History Classification 222

rand K Selection 222

Plant Life Histories 223

Investigating the Evidence4 : A Statistical Test
for Distribution Pattern 224

Opportunistic, Equilibrium, and Periodic Life
Histories 226

Lifetime Reproductive Effort and Relative Offspring Size:
Two Central Variables? 227

Concept 12.3 Review 228

Section IV

INTERACTIONS

pter 13 Competition 230

Concepts 230



13.1

13.2

13.3

134

14.1

14.2

143

14.4

14.5

Contents

232

Intraspecific Competition Among Plants 232
Intraspecific Competition Among Planthoppers 233
Interference Competition Among Terrestrial Isopods
Concept 13.1 Review 234

Competitive Exclusion and Niches

Intraspecific Competition

233

234

The Feeding Niches of Darwin’s Finches 234
The Habitat Niche of a Salt Marsh Grass 236
Concept 13.2 Review 237

Mathematical and Laboratory Models 237
Modeling Interspecific Competition 237

Laboratory Models of Competition 239

Concept 13.3 Review  24()

Competition and Niches 240

Niches and Competition Among Plants 241

Niche Overlap and Competition between Barnacles 241
Competition and the Habitat of a Salt Marsh Grass 243
Competition and the Niches of Small Rodents 243
Character Displacement 244

Evidence for Competition in Nature 246
Investigating the Evidence 5: Field Experiments

248

247
Concept 13.4 Review

er 14 Exploitative Interactions: Predation,

Herbivory, Parasitism, and
Disease 249

249

Complex Interactions 250

Concepts

Parasites and Pathogens that Manipulate Host
Behavior 250

The Entangling of Exploitation with Competition

Concept 14.1 Review 254

Exploitation and Abundance

253

254

A Herbivorous Stream Insect and Its Algal Food 254
Bats, Birds, and Herbivory in a Tropical Forest 255
A Pathogenic Parasite, a Predator, and Its Prey ~ 257
Concept 14.2 Review 258

258

Cycles of Abundance in Snowshoe Hares and Their
Predators 258

Experimental Test of Food and Predation Impacts

Population Cycles in Mathematical and Laboratory
Models 261

Concept 14.3 Review 264

Dynamics

260

Refuges 264
Refuges and Host Persistence in Laboratory
and Mathematical Models 264

Exploited Organisms and Their Wide Variety
of “Refuges” 266
Concept 14.4 Review 268
Ratio-Dependent Models of Functional Response
Alternative Model for Trophic Ecology 268

268

15.1

15.2

15.3

apter I 5

Evidence for Ratio-Dependent Predation 269
Concept 14.5 Review 271

Mutualism 272
272

Plant Mutualisms 273

Concepts

Plant Performance and Mycorrhizal Fungi 274
Ants and Swollen Thorn Acacias 277
A Temperate Plant Protection Mutualism 281

Concept 15.1 Review 282

Coral Mutualisms 282

Zooxanthellae and Corals 283

A Coral Protection Mutualism 283
Concept 15.2 Review 283

Evolution of Mutualism 285

Facultative Ant-Plant Protection Mutualisms
Concept 15.3 Review 288

287

Section V

COMMUNITIES AND ECOSYSTEMS

16.1

16.2

16.3

16.4

e 16 Species Abundance

and Diversity 289
289

Species Abundance 291

The Lognormal Distribution 291

Concept 16.1 Review 292

Species Diversity 292

A Quantitative Index of Species Diversity

Rank-Abundance Curves 293

Concept 16.2 Review 294

Environmental Complexity

Concepts

292

294

Forest Complexity and Bird Species Diversity =~ 295

Investigating the Evidence 6: Estimating the Number
of Species in Communities 296

Niches, Heterogeneity, and the Diversity of Algae and
Plants 297

The Niches of Algae and Terrestrial Plants

Complexity in Plant Environments 298

Soil and Topographic Heterogeneity and the Diversity
of Tropical Forest Trees 298

Algal and Plant Species Diversity and Increased Nutrient
Availability 300

Nitrogen Enrichment and Ectomycorrhizal Fungus
Diversity 300

Concept 16.3 Review 30!

Disturbance and Diversity 301

The Nature and Sources of Disturbance 301

The Intermediate Disturbance Hypothesis 301

Disturbance and Diversity in the Intertidal Zone

297

302



Disturbance and Diversity in Temperate Grasslands 302
Concept 16.4 Review 304

|Chapter 17 species Interactions

17.1

17.2

17.3

174

and Community Structure 305

Concepts 305

Community Webs 307

Detailed Food Webs Reveal Great Complexity 307
Strong Interactions and Food Web Structure 307
Concept 17.1 Review 308

Indirect Interactions 309

Indirect Commensalism 309

Apparent Competition 309

Concept 17.2 Review 311

Keystone Species 311

Food Web Structure and Species Diversity 312
Experimental Removal of Sea Stars 313

Snail Effects on Algal Diversity 314

Fish as Keystone Species in River Food Webs 316
Concept 17.3 Review 318

Mutualistic Keystones 318

A Cleaner Fish as a Keystone Species 318

Seed Dispersal Mutualists as Keystone Species 319
Concept 17.4 Review 320

Chapter 18  Primary and Secondary

18.1

18.2

18.3

18.4

18.5

Production 321

Concepts 321

Patterns of Terrestrial Primary Production 323

Actual Evapotranspiration and Terrestrial Primary
Production 323

Soil Fertility and Terrestrial Primary Production 324

Concept 18.1 Review 325

Patterns of Aquatic Primary Production 325

Patterns and Models 325

Whole Lake Experiments on Primary
Production 326

Global Patterns of Marine Primary Production 326
Concept 18.2 Review 327
Primary Producer Diversity 328
Terrestrial Plant Diversity and Primary Production 328
Algal Diversity and Aquatic Primary Production 329
Concept 18.3 Review 329
Consumer Influences 330
Piscivores, Planktivores, and Lake Primary

Production 330

Grazing by Large Mammals and Primary Production
on the Serengeti 332
Concept 18.4 Review 334

Secondary Production 334

Contents

A Trophic Dynamic View of Ecosystems 335
Linking Primary Production

and Secondary Production 336
Concept 18.5 Review 337

ihapter 1| 9 Nutrient Cycling
and Retention 338

Concepts 338

19.1 Nutrient Cycles 339
The Phosphorus Cycle 340
The Nitrogen Cycle 341
The Carbon Cycle 342
Concept 19.1 Review 343

19.2 Rates of Decomposition 343

Decomposition in Two Mediterranean Woodland
Ecosystems 343

Decomposition in Two Temperate Forest Ecosystems

Decomposition in Aquatic Ecosystems 346
Concept 19.2 Review 347

19.3 Organisms and Nutrients 347
Nutrient Cycling in Streams and Lakes 347
Animals and Nutrient Cycling in Terrestrial
Ecosystems 349

Plants and the Nutrient Dynamics of Ecosystems 351

Concept 19.3 Review 352

19.4 Disturbance and Nutrients 3352
Disturbance and Nutrient Loss from Forests 352
Flooding and Nutrient Export by Streams 353
Concept 19.4 Review 354

Applications: Altering Aquatic and Terrestrial
Ecosystems 355

@j,w 20 Succession and Stability 357

Concepts 357

20.1 Community Changes During Succession 359
Primary Succession at Glacier Bay 359
Secondary Succession in Temperate Forests 360

Succession in Rocky Intertidal Communities 361

Succession in Stream Communities 361
Concept 20.1 Review 362

20.2 Ecosystem Changes During Succession 362
Ecosystem Changes at Glacier Bay 363
Four Million Years of Ecosystem Change 363

Recovery of Nutrient Retention
Following Disturbance 365

Succession and Stream Ecosystem Properties 367

Concept 20.2 Review 368

20.3 Mechanisms of Succession 368
Facilitation 368
Tolerance 368

xi

344



