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The first edition of Elements of Ecology appeared in 1976 as
a short version of Ecology and Field Biology. Since that time,
Elements of Ecology has evolved into a textbook intended
for use in a one-semester introduction to ecology course.
Although the primary readership will be students majoring
in the life sciences, in writing this text we were guided by
our belief that ecology should be part of a liberal education.
We believe that students who major in such diverse fields as
economics, sociology, engineering, political science, law, his-
tory, English, languages, and the like should have some basic
understanding of ecology for the simple reason that it has an
impact on their lives.

For those familiar with this text, you will notice a number of
changes in this new edition of Elements of Ecology. In addi-
tion to dramatic improvements to the illustrations and updat-
ing many of the examples and topics to reflect the most recent
research and results in the field of ecology, we have made a
number of changes in the organization and content of the text.
An important objective of the text is to use the concept of adap-
tation through natural selection as a framework for unifying the
study of ecology, linking pattern and process across the hierar-
chical levels of ecological study: individual organisms, popu-
lations, communities, and ecosystems. Many of the changes
made in previous editions have focused on this objective, and
the changes to this edition continue to work toward this goal.

Treatment of Metapopulations

Beginning with the 7™ Edition we included a separate chapter
covering the topic of metapopulations (Chapter 12, 8" edition)
for the first time. It was our opinion that the study of metapop-
ulations had become a central focus in both landscape and con-
servation ecology and that it merited a more detailed treatment
within the framework of introductory ecology. Although this
chapter has consistently received high praise from reviewers,
comments have suggested to us that the chapter functions more
as a reference for the instructors rather than a chapter that is
directly assigned in course readings. The reason for this is that
most courses do not have the time to cover metapopulations
as a separate subject, but rather incorporate an introduction to
metapopulations in the broader context of the discussion of
population structure. To address these concerns, in the 9" edi-
tion we have deleted the separate chapter on metapopulations
and moved the discussion to Chapter 19: Landscape Dynamics.

Expanded Coverage of Landscape Ecology

The incorporation of metapopulation dynamics into Chapter 19
was a part of a larger, overall revision of Landscape Dynamics
in the 9" edition. Chapter 19 has been reorganized and now
includes a much broader coverage of topics and presentation of
current research.

Reorganization of Materials Relating
to Human Ecology

In the past three editions, the ecology of human-environment
interactions has been presented in Part Eight—-Human Ecology.
This section of the text has been comprised of three chapters
that address three of the leading environmental issues: envi-
ronmental sustainability and natural resources; declining bio-
diversity; and climate change. The objective of these chapters
was to illustrate how the science of ecology forms the founda-
tion for understanding these important environmental issues.
Based on current reviewer comments it appears that although
instructors feel that the materials presented in Part Eight are
important, most are not able to allocate the time to address
these issues as separate topics within the constraints of a sin-
gle-semester course. The question then becomes one of how to
best introduce these topics within the text so that they can be
better incorporated into the structure of courses that are cur-
rently being taught.

After much thought, in the 9™ edition we have addressed
issues of human ecology throughout the text, moving most of
the topics and the materials covered in Part Eight to the various
chapters where the basic ecological concepts that underlying
these topics are first introduced. The topics and materials that
we covered in Chapter 28 (Population Growth, Resource Use
and Environmental Sustainability) and Chapter 29 (Habitat
Loss, Biodiversity, and Conservation) of the 8 edition are
now examined in the new feature, Ecological Issues and
Applications, at the end of each chapter. This new feature cov-
ers a wide range of topics such as ocean acidification, plant
response to elevated atmospheric carbon dioxide, the develop-
ment of aquatic “dead zones” in coastal environments, sustain-
able resource management, genetic engineering, the conse-
quences of habitat loss, and the conservation of threatened and
endangered species.

New Coverage of the Ecology
of Climate Change

Although topics addressed in Chapters 28 and 29 of the gt
edition are now covered throughout the text in the Ecological
Issues and Applications sections, the topic of global climate
change (Chapter 30, 8" edition) is addressed in a separate
chapter — Chapter 27 (The Ecology of Climate Change) in the
9" edition. Given the growing body of ecological research re-
lating to recent and future projected climate change, we feel
that it is necessary to cover this critical topic in an organized
fashion within the framework of a separate chapter. This new
chapter, however, is quite different from the chapter covering
this topic in the 8" edition, which examined an array of top-
ics relating to the greenhouse effect, projections of future cli-
mate change, and the potential impacts on ecological systems,
agriculture, coastal environments and human health. In the gth
edition we have focused on the ecology of climate change,
presenting research that examines the response of ecological
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systems (from individuals to ecosystems) to recent climate
change over the past century, and how ecologists are trying to
understand the implications of future climate change resulting
from human activities.

Updated References and Research Case
Studies to Reflect Current Ecological
Research

It is essential that any science textbook reflect the current ad-
vances in research. On the other hand, it is important that they
to provide an historical context by presenting references to the
classic studies that developed the basic concepts that form the
foundation of their science. In our text we try to set a balance
between these two objectives, presenting both the classic re-
search studies that established the foundational concepts of
ecology, and presenting the new advances in the field. In the 9™
edition we have undertaken a systematic review of the research
and references presented in each chapter to make sure that they
reflect the recent literature. Those familiar with the 8 edition
will notice significant changes in the research case studies pre-
sented in each chapter.

Updated Field Studies

The Field Studies features function to introduce students to
actual scientists in the field of ecology, allowing the reader
to identify with individuals that are conducting the research
that is presented in text. The body of research presented also
functions to complement the materials/subjects presented in
the main body of the chapter. In the 9" edition we have up-
dated references for the researchers who were profiled in the
8 edition. In addition, two new Field Studies features have
been added to Chapter 5 (Adaptation and Natural Selection)
and Chapter 8 (Properties of Populations). These two new fea-
tures profile scientists whose research is in the new and grow-
ing fields of ecological genetics.

Redesign of Art Program

For the 9" edition, the entire art program was revised to bring
a consistent and updated presentation style throughout the text,
with the added benefit of using color to highlight and clarify
important concepts.

The structure and content of the text is guided by our basic
belief that: (1) the fundamental unit in the study of ecology
is the individual organism, and (2) the concept of adaptation
through natural selection provides the framework for unifying
the study of ecology at higher levels of organization: popula-
tions, communities, and ecosystems. A central theme of the
text is the concept of trade-offs—that the set of adaptations
(characteristics) that enable an organism to survive, grow, and
reproduce under one set of environmental conditions inevita-
bly impose constraints on its ability to function (survive, grow,
and reproduce) equally well under different environmental
conditions. These environmental conditions include both the
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physical environment as well as the variety of organisms (both
the same and different species) that occupy the same habitat.
This basic framework provides a basis for understanding the
dynamics of populations at both an evolutionary and demo-
graphic scale.

The text begins with an introduction to the science of
ecology in Chapter 1 (The Nature of Ecology). The remain-
der of the text is divided into eight parts. Part One examines
the constraints imposed on living organisms by the physical
environment, both aquatic and terrestrial. Part Two begins by
examining how these constraints imposed by the environment
function as agents of change through the process of natural se-
lection, the process through which adaptations evolve. The re-
mainder of Part Two explores specific adaptations of organisms
to the physical environment, considering both organisms that
derive their energy from the sun (autrotrophs) and those that
derive their energy from the consumption and break-down of
plant and animal tissues (heterotrophs).

Part Three examines the properties of populations, with an
emphasis on how characteristics expressed at the level of the in-
dividual organisms ultimately determine the collective dynam-
ics of the population. As such, population dynamics are viewed
as a function of life history characteristics that are a product of
evolution by natural selection. Part Four extends our discussion
from interactions among individuals of the same species to in-
teractions among populations of different species (interspecific
interactions). In these chapters we expand our view of adapta-
tions to the environment from one dominated by the physical
environment, to the role of species interactions in the process of
natural selection and on the dynamics of populations.

Part Five explores the topic of ecological communi-
ties. This discussion draws upon topics covered in Parts Two
through Four to examine the factors that influence the distribu-
tion and abundance of species across environmental gradients,
both spatial and temporal.

Part Six combines the discussions of ecological commu-
nities (Part Five) and the physical environment (Part One) to
develop the concept of the ecosystem. Here the focus is on the
flow of energy and matter through natural systems. Part Seven
continues the discussion of communities and ecosystems in the
context of biogeography, examining the broad-scale distribu-
tion of terrestrial and aquatic ecosystems, as well as regional
and global patterns of biological diversity. The book then fin-
ishes by examining the critical environmental issue of climate
change, both in the recent past, as well as the potential for fu-
ture climate change as a result of human activities.

Throughout the text, in the new feature, Ecological Issues
& Applications, we examine the application of the science of
ecology to understand current environmental issues related to
human activities, addressing important current environmental
issues relating to population growth, sustainable resource use,
and the declining biological diversity of the planet. The objec-
tive of these discussions is to explore the role of the science
of ecology in both understanding and addressing these critical
environmental issues.

Throughout the text we explore the science of ecology by
drawing upon current research, providing examples that enable



the reader to develop an understanding of species natural his-
tory, the ecology of place (specific ecosystems), and the basic
process of science.
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Scientists collect blood samples from a sedated lioness that has been fitted with a GPS tracking collar
as part of an ongoing study of the ecology of lions inhabiting the Selous Game Reserve in Tanzania.
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18 CHAPTER 1 e The Nature of Ecology

taken by Apollo 8 astronaut William A. Anders on

December 24, 1968, is a powerful and eloquent image
(Figure 1.1). One leading environmentalist has rightfully de-
scribed it as “the most influential environmental photograph
ever taken.” Inspired by the photograph, economist Kenneth E.
Boulding summed up the finite nature of our planet as viewed
in the context of the vast expanse of space in his metaphor
“spaceship Earth.” What had been perceived throughout hu-
man history as a limitless frontier had suddenly become a tiny
sphere: limited in its resources, crowded by an ever-expanding
human population, and threatened by our use of the atmosphere
and the oceans as repositories for our consumptive wastes.

A little more than a year later, on April 22, 1970, as many
as 20 million Americans participated in environmental rallies,
demonstrations, and other activities as part of the first Earth
Day. The New York Times commented on the astonishing rise in
environmental awareness, stating that “Rising concern about the
environmental crisis is sweeping the nation’s campuses with an
intensity that may be on its way to eclipsing student discontent
over the war in Vietnam.” Now, more than four decades later, the
human population has nearly doubled (3.7 billion in 1970; 7.2
billion as of 2014). Ever-growing demand for basic resources
such as food and fuel has created a new array of environmental
concerns: resource use and environmental sustainability, the
declining biological diversity of our planet, and the potential for
human activity to significantly change Earth’s climate. The envi-
ronmental movement born in the 1970s continues today, and at
its core is the belief in the need to redefine our relationship with
nature. To do so requires an understanding of nature, and ecology
is the particular field of study that provides that understanding.

THE COLOR PHOTOGRAPH OF EARTHRISE,

Ecology Is the Study of the
Relationship between Organisms
and Their Environment

With the growing environmental movement of the late 1960s
and early 1970s, ecology—until then familiar only to a rela-
tively small number of academic and applied biologists—was
suddenly thrust into the limelight (see this chapter, Ecological

Figure 1.1 Photograph of Earthrise taken by Apollo 8
astronaut William A. Anders on December 24, 1968.

Issues & Applications). Hailed as a framework for understand-
ing the relationship of humans to their environment, ecology
became a household word that appeared in newspapers, maga-
zines, and books—although the term was often misused. Even
now, people confuse it with terms such as environment and
environmentalism. Ecology is neither. Environmentalism is ac-
tivism with a stated aim of protecting the natural environment,
particularly from the negative impacts of human activities. This
activism often takes the form of public education programs,
advocacy, legislation, and treaties.

So what is ecology? Ecology is a science. According to
one accepted definition, ecology is the scientific study of the
relationships between organisms and their environment. That
definition is satisfactory so long as one considers relation-
ships and environment in their fullest meanings. Environment
includes the physical and chemical conditions as well as the
biological or living components of an organism’s surroundings.
Relationships include interactions with the physical world as
well as with members of the same and other species.

The term ecology comes from the Greek words oikos,
meaning “the family household,” and logy, meaning “the study
of.” It has the same root word as economics, meaning “man-
agement of the household.” In fact, the German zoologist Ernst
Haeckel, who originally coined the term ecology in 1866, made
explicit reference to this link when he wrote:

By ecology we mean the body of knowledge concerning
the economy of nature—the investigation of the total rela-
tions of the animal both to its inorganic and to its organic;
including above all, its friendly and inimical relations
with those animals and plants with which it comes di-
rectly or indirectly into contact—in a word, ecology is the
study of all those complex interrelationships referred to
by Darwin as the conditions of the struggle for existence.

Haeckel’s emphasis on the relation of ecology to the new
and revolutionary ideas put forth in Charles Darwin’s The
Origin of Species (1859) is important. Darwin’s theory of
natural selection (which Haeckel called “the struggle for exis-
tence”) is a cornerstone of the science of ecology. It is a mech-
anism allowing the study of ecology to go beyond descriptions
of natural history and examine the processes that control the
distribution and abundance of organisms.

Organisms Interact with
the Environment in the Context
of the Ecosystem

Organisms interact with their environment at many levels. The
physical and chemical conditions surrounding an organism—
such as ambient temperature, moisture, concentrations of oxygen
and carbon dioxide, and light intensity—all influence basic phys-
iological processes crucial to survival and growth. An organism
must acquire essential resources from the surrounding environ-
ment, and in doing so, must protect itself from becoming food for
other organisms. It must recognize friend from foe, differentiat-
ing between potential mates and possible predators. All of this



effort is an attempt to succeed at the ultimate goal of all living
organisms: to pass their genes on to successive generations.

The environment in which each organism carries out this
struggle for existence is a place—a physical location in time
and space. It can be as large and as stable as an ocean or as
small and as transient as a puddle on the soil surface after a
spring rain. This environment includes both the physical con-
ditions and the array of organisms that coexist within its con-
fines. This entity is what ecologists refer to as the ecosystem.

Organisms interact with the environment in the context of
the ecosystem. The eco— part of the word relates to the environ-
ment. The —system part implies that the ecosystem functions as
a collection of related parts that function as a unit. The automo-
bile engine is an example of a system: components, such as the
ignition and fuel pump, function together within the broader
context of the engine. Likewise, the ecosystem consists of in-
teracting components that function as a unit. Broadly, the eco-
system consists of two basic interacting components: the living,
or biotic, and the nonliving (physical and chemical), or abiotic.

Consider a natural ecosystem, such as a forest (Figure 1.2).
The physical (abiotic) component of the forest consists of the
atmosphere, climate, soil, and water. The biotic component
includes the many different organisms—plants, animals, and
microbes—that inhabit the forest. Relationships are complex
in that each organism not only responds to the abiotic environ-
ment but also modifies it and, in doing so, becomes part of the
broader environment itself. The trees in the canopy of a forest
intercept the sunlight and use this energy to fuel the process of
photosynthesis. As a result, the trees modify the environment
of the plants below them, reducing the sunlight and lowering
air temperature. Birds foraging on insects in the litter layer
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of fallen leaves reduce insect numbers and modify the envi-
ronment for other organisms that depend on this shared food
resource. By reducing the populations of insects they feed on,
the birds are also indirectly influencing the interactions among
different insect species that inhabit the forest floor. We will
explore these complex interactions between the living and the
nonliving environment in greater detail in succeeding chapters.

Ecological Systems Form
a Hierarchy

The various kinds of organisms that inhabit our forest make up
populations. The term population has many uses and meanings
in other fields of study. In ecology, a population is a group
of individuals of the same species that occupy a given area.
Populations of plants and animals in an ecosystem do not func-
tion independently of one another. Some populations compete
with other populations for limited resources, such as food, wa-
ter, or space. In other cases, one population is the food resource
for another. Two populations may mutually benefit each other,
each doing better in the presence of the other. All populations
of different species living and interacting within an ecosystem
are referred to collectively as a community.

We can now see that the ecosystem, consisting of the bi-
otic community and the abiotic environment, has many levels
(Figure 1.3). On one level, individual organisms both respond
to and influence the abiotic environment. At the next level, indi-
viduals of the same species form populations, such as a popula-
tion of white oak trees or gray squirrels within a forest. Further,
individuals of these populations interact among themselves
and with individuals of other species to form a community.

Figure 1.2 Example of the
components and interactions

that define a forest ecosystem.

The abiotic components of the
ecosystem, including the (a) climate
and (b) soil, directly influence the
forest trees. (c) Herbivores feed on
the canopy, (d) while predators such
as this warbler feed upon insects.
(e) The forest canopy intercepts
light, modifying its availability for
understory plants. (f) A variety of
decomposers, both large and small,
feed on dead organic matter on the
forest floor, and in doing so, release
nutrients to the soil that provide for
the growth of plants.
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Individual

What characteristics allow
the Echinacea to survive,
grow, and reproduce in the
environment of the prairie
grasslands of central North
America?

Population

Is the population of this species
increasing, decreasing, or
remaining relatively constant
from year to year?

Community

How does this species interact
with other species of plants
and animals in the prairie
community?

Ecosystem

How do yearly variations in
rainfall influence the productivity
of plants in this prairie grassland
ecosystem?

Landscape

How do variations in topography
and soils across the landscape
influence patterns of species
composition and diversity in the
different prairie communities?

Biome

What features of geology and
regional climate determine the
transition from forest to prairie
grassland ecosystems

in North America?

Biosphere

What is the role of the grassland
biome in the global carbon cycle?

Figure 1.3 The hierarchy of ecological systems.

Herbivores consume plants, predators eat prey, and individuals
compete for limited resources. When individuals die, other or-
ganisms consume and break down their remains, recycling the
nutrients contained in their dead tissues back into the soil.

Organisms interact with the environment in the context of
the ecosystem, yet all communities and ecosystems exist in the
broader spatial context of the landscape—an area of land (or
water) composed of a patchwork of communities and ecosys-
tems. At the spatial scale of the landscape, communities and
ecosystems are linked through such processes as the dispersal
of organisms and the exchange of materials and energy.

Although each ecosystem on the landscape is distinct in that
it is composed of a unique combination of physical conditions
(such as topography and soils) and associated sets of plant and
animal populations (communities), the broad-scale patterns of
climate and geology characterizing our planet give rise to re-
gional patterns in the geographic distribution of ecosystems (see
Chapter 2). Geographic regions having similar geological and cli-
matic conditions (patterns of temperature, precipitation, and sea-
sonality) support similar types of communities and ecosystems.
For example, warm temperatures, high rates of precipitation,
and a lack of seasonality characterize the world’s equatorial re-
gions. These warm, wet conditions year-round support vigorous
plant growth and highly productive, evergreen forests known as
tropical rain forests (see Chapter 23). The broad-scale regions
dominated by similar types of ecosystems, such as tropical rain
forests, grasslands, and deserts, are referred to as biomes.

The highest level of organization of ecological systems is
the biosphere—the thin layer surrounding the Earth that sup-
ports all of life. In the context of the biosphere, all ecosystems,
both on land and in the water, are linked through their interac-
tions—exchanges of materials and energy—with the other
components of the Earth system: atmosphere, hydrosphere, and
geosphere. Ecology is the study of the complex web of interac-
tions between organisms and their environment at all levels of
organization—from the individual organism to the biosphere.

Ecologists Study Pattern and
Process at Many Levels

As we shift our focus across the different levels in the hierar-
chy of ecological systems—from the individual organism to
the biosphere—a different and unique set of patterns and pro-
cesses emerges, and subsequently a different set of questions
and approaches for studying these patterns and processes is
required (see Figure 1.3). The result is that the broader science
of ecology is composed of a range of subdisciplines—from
physiological ecology, which focuses on the functioning of
individual organisms, to the perspective of Earth’s environment
as an integrated system forming the basis of global ecology.
Ecologists who focus on the level of the individual examine
how features of morphology (structure), physiology, and behavior
influence that organism’s ability to survive, grow, and reproduce
in its environment. Conversely, how do these same characteristics
(morphology, physiology, and behavior) function to constrain the
organism’s ability to function successfully in other environments?
By contrasting the characteristics of different species that occupy



different environments, these ecologists gain insights into the fac-
tors influencing the distribution of species.

At the individual level, birth and death are discrete events.
Yet when we examine the collective of individuals that make
up a population, these same processes are continuous as in-
dividuals are born and die. At the population level, birth and
death are expressed as rates, and the focus of study shifts to
examining the numbers of individuals in the population and
how these numbers change through time. Populations also
have a distribution in space, leading to such questions as how
are individuals spatially distributed within an area, and how do
the population’s characteristics (numbers and rates of birth and
death) change from location to location?

As we expand our view of nature to include the variety of
plant and animal species that occupy an area, the ecological
community, a new set of patterns and processes emerges. At
this level of the hierarchy, the primary focus is on factors in-
fluencing the relative abundances of various species coexisting
within the community. What is the nature of the interactions
among the species, and how do these interactions influence the
dynamics of the different species’ populations?

The diversity of organisms comprising the community mod-
ify as well as respond to their surrounding physical environment,
and so together the biotic and abiotic components of the envi-
ronment interact to form an integrated system—the ecosystem.
At the ecosystem level, the emphasis shifts from species to the
collective properties characterizing the flow of energy and nu-
trients through the combined physical and biological system. At
what rate are energy and nutrients converted into living tissues
(termed biomass)? In turn, what processes govern the rate at
which energy and nutrients in the form of organic matter (living
and dead tissues) are broken down and converted into inorganic
forms? What environmental factors limit these processes govern-
ing the flow of energy and nutrients through the ecosystem?

As we expand our perspective even further, the landscape
may be viewed as a patchwork of ecosystems whose boundar-
ies are defined by distinctive changes in the underlying physical
environment or species composition. At the landscape level,
questions focus on identifying factors that give rise to the spatial
extent and arrangement of the various ecosystems that make up
the landscape, and ecologists explore the consequences of these
spatial patterns on such processes as the dispersal of organisms,
the exchange of energy and nutrients between adjacent ecosys-
tems, and the propagation of disturbances such as fire or disease.

At a continental to global scale, the questions focus on
the broad-scale distribution of different ecosystem types or
biomes. How do patterns of biological diversity (the number
of different types of species inhabiting the ecosystem) vary
geographically across the different biomes? Why do tropical
rain forests support a greater diversity of species than do for-
est ecosystems in the temperate regions? What environmental
factors determine the geographic distribution of the different
biome types (e.g., forest, grassland, and desert)?

Finally, at the biosphere level, the emphasis is on the link-
ages between ecosystems and other components of the earth
system, such as the atmosphere. For example, how does the ex-
change of energy and materials between terrestrial ecosystems
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and the atmosphere influence regional and global climate
patterns? Certain processes, such as movement of the element
carbon between ecosystems and the atmosphere, operate at a
global scale and require ecologists to collaborate with ocean-
ographers, geologists, and atmospheric scientists.

Throughout our discussion, we have used this hierarchical
view of nature and the unique set of patterns and process asso-
ciated with each level—the individual population, community,
ecosystem, landscape, biome, and biosphere—as an organizing
framework for studying the science of ecology. In fact, the sci-
ence of ecology is functionally organized into subdisciplines
based on these different levels of organization, each using
an array of specialized approaches and methodologies to ad-
dress the unique set of questions that emerge at these different
levels of ecological organization. The patterns and processes
at these different levels of organization are linked, however,
and identifying these linkages is our objective. For example,
at the individual organism level, characteristics such as size,
longevity, age at reproduction, and degree of parental care will
directly influence rates of birth and survival for the collec-
tive of individuals comprising the species’ population. At the
community level, the same population will be influenced both
positively and negatively through its interactions with popula-
tions of other species. In turn, the relative mix of species that
make up the community will influence the collective properties
of energy and nutrient exchange at the ecosystem level. As we
shall see, patterns and processes at each level—from individu-
als to ecosystems—are intrinsically linked in a web of cause
and effect with the patterns and processes operating at the other
levels of this organizational hierarchy.

Ecologists Investigate Nature
Using the Scientific Method

Although each level in the hierarchy of ecological systems has a
unique set of questions on which ecologists focus their research,
all ecological studies have one thing in common: they include
the process known as the scientific method (Figure 1.4). This
method demonstrates the power and limitations of science, and
taken individually, each step of the scientific method involves
commonplace procedures. Yet taken together, these procedures
form a powerful tool for understanding nature.

All science begins with observation. In fact, this first step
in the process defines the domain of science: if something
cannot be observed, it cannot be investigated by science. The
observation need not be direct, however. For example, scien-
tists cannot directly observe the nucleus of an atom, yet its
structure can be explored indirectly through a variety of meth-
ods. Secondly, the observation must be repeatable—able to be
made by multiple observers. This constraint helps to minimize
unsuspected bias, when an individual might observe what they
want or think they ought to observe.

The second step in the scientific method is defining a prob-
lem—forming a question regarding the observation that has
been made. For example, an ecologist working in the prairie
grasslands of North America might observe that the growth and
productivity (the rate at which plant biomass is being produced
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and interpreted to determine if they
support or reject the hypothesis.

Figure 1.4 A simple representation of the scientific method.

per unit area per unit time: grams per meter squared per year
[g/mzlyr]) of grasses varies across the landscape. From this
observation the ecologist may formulate the question, what
environmental factors result in the observed variations in grass-
land productivity across the landscape? The question typically
focuses on seeking an explanation for the observed patterns.

Once a question (problem) has been established, the next
step is to develop a hypothesis. A hypothesis is an educated
guess about what the answer to the question may be. The pro-
cess of developing a hypothesis is guided by experience and
knowledge, and it should be a statement of cause and effect
that can be tested. For example, based on her knowledge that
nitrogen availability varies across the different soil types found
in the region and that nitrogen is an important nutrient limiting
plant growth, the ecologist might hypothesize that the observed
variations in the growth and productivity of grasses across the
prairie landscape are a result of differences in the availability
of soil nitrogen. As a statement of cause and effect, certain pre-
dictions follow from the hypothesis. If soil nitrogen is the fac-
tor limiting the growth and productivity of plants in the prairie
grasslands, then grass productivity should be greater in areas
with higher levels of soil nitrogen than in areas with lower
levels of soil nitrogen. The next step is testing the hypothesis to
see if the predictions that follow from the hypothesis do indeed
hold true. This step requires gathering data (see Quantifying
Ecology 1.1).
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Figure 1.5 The response of grassland production to soil
nitrogen availability. Nitrogen (N), the independent variable,
is plotted on the x-axis; grassland productivity, the dependent
variable, is plotted on the y-axis.

@ Interpreting Ecolog

Q1. In the above graph, which variable is the independent
variable? Which is the dependent variable? Why?

Q2. Would you describe the relationship between available
nitrogen and grassland productivity as positive or negative (inverse)?

To test this hypothesis, the ecologist may gather data
in several ways. The first approach might be a field study to
examine how patterns of soil nitrogen and grass productiv-
ity covary (vary together) across the landscape. If nitrogen is
controlling grassland productivity, productivity should increase
with increasing soil nitrogen. The ecologist would measure
nitrogen availability and grassland productivity at various sites
across the landscape. Then, the relationship between these
two variables, nitrogen and productivity, could be expressed
graphically (see Quantifying Ecology 1.2 on pages 24
and 25 to learn more about working with graphical data). Visit
MasteringBiology at www.masteringbiology.com to work with
histograms and scatter plots.

After you’ve become familiar with scatter plots, you’ll see
the graph of Figure 1.5 shows nitrogen availability on the hori-
zontal or x-axis and grassland productivity on the vertical or
y-axis. This arrangement is important. The scientist is assum-
ing that nitrogen is the cause and that grassland productivity is
the effect. Because nitrogen (x) is the cause, we refer to it as the
independent variable. Because it is hypothesized that grassland
productivity (y) is influenced by the availability of nitrogen, we
refer to it as the dependent variable. Visit MasteringBiology at
www.masteringbiology.com for a tutorial on reading and inter-
preting graphs.

From the observations plotted in Figure 1.5, it is apparent
that grassland productivity does, in fact, increase with increas-
ing availability of nitrogen in the soil. Therefore, the data
support the hypothesis. Had the data shown no relationship be-
tween grassland productivity and nitrogen, the ecologist would
have rejected the hypothesis and sought a new explanation for
the observed differences in grassland productivity across the
landscape. However, although the data suggest that grassland





