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Abstract Ecologists bemoan the dearth of theory in ecolo-
gy, in particular, the lack of an overarching, general theory.
These complaints largely are unjustified. The components of
a general theory of ecology have existed for the past half
century; ecologists simply have failed to explicitly recognize
them. We present a general theory of ecology and show how
it relates to ecology’s numerous constituent theories and
models. The general theory consists of a description of
the domain of ecology and a set of fundamental principles.
The domain of ecology is the spatial and temporal patterns of
the distribution and abundance of organisms, including
causes and consequences. Fundamental principles are broad
statements about the patterns that exist and the processes that
operate within a domain. The seven fundamental principles
of the theory of ecology are: the heterogeneous distribution
of organisms, interactions of organisms, contingency, envi-
ronmental heterogeneity, finite and heterogeneous resources,
the mortality of organisms, and the evolutionary cause of
ecological properties. These principles are the necessary and
sufficient elements for a general theory of ecology. The
propositions of any constituent theory of ecology can be
shown to be a consequence of these fundamental principles
along with principles from other science domains. The

general theory establishes relationships among constituent
theories through shared fundamental principles. The next
challenge is to develop and integrate unified, constituent
theories and to establish the relationships among them within
the framework established by the general theory.
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Introduction

Like the emperor who had no clothes, ecology often is
criticized as lacking the theoretical adornments of the
physical sciences. Indeed, for many years ecologists have
decried the fact that we have no general theories. Often, this
debate is framed as whether ecology has laws (e.g., Lawton
1999; Simberloff 2004), a necessary component of a well-
developed theory. We contend that pessimism about the
theoretical foundations of ecology is ill founded: ecology
has had a robust theoretical framework for many years. We
ecologists simply have not recognized that fact, in part
because we have misunderstood the nature and form of a
comprehensive theory. Given a proper understanding of the
nature and form of an overarching theory, exposing a
general theory of ecology becomes less challenging. The
goal of this paper is to present the fundamental principles of
such a theory so as to further its development.

What is a theory?

A theory is a framework or system of concepts and
propositions that provides causal explanations of phenom-
ena within a particular domain (Hempel 1965; Suppe 1977;
Miller 1987; Giere 1988). The purpose of a theory is to
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provide a set of linkages for observations and lower-level
models or theories of those observations. Confusion exists
because the term “theory” is used in reference to a variety
of kinds of systems at different levels of specificity.
Moreover, the nature of theory differs at each level. In this
context, we recognize three levels of theory.

At the broadest level, a general theory consists of an
entire domain of science and a set of fundamental principles
(e.g., the theory of evolution, Darwin 1859; Mayr 1982;
Kutschera and Niklas 2004). That is the type of theory that
we present, a general theory of ecology. A general theory
does not make specific predictions. Rather, it provides the
scaffolding on which the components of more specific,
constituent theories are assembled and integrated. It
exposes assumptions that are sometimes hidden at the level
of models or constituent theories and identifies areas that
are ripe for theoretical development. In addition, it provides
the interconnections that link constituent theories to each
other. A mature or fully developed general theory enhances
understanding at the broadest of levels and facilitates
prediction and forecasting via well articulated models and
constituent theories.

At the intermediate level are constituent theories, which
set boundaries and identify parameters for particular
interest, guiding model development. Constituent theories
can overlap in domain and differ in scope. Depending on
the form and domain of a constituent theory, it may make
no predictions, or it may make qualitative predictions.
Most important, a constituent theory unifies a set of
interrelated models. For example, Scheiner and Willig
(2005) present a constituent theory in ecology that pertains
to variation in species richness along environmental
gradients and show how a number of models are derived
from its propositions.

At the most specific level, models are instantiations of a
constituent theory. At this level, predictions are formalized
and causal understanding motivates the process. Most
references to theory in ecology actually relate to one of
these instantiations (Ives and Agrawal 2005, and related
papers). We prefer the word “model” for these theories to
indicate that the domain is relatively narrow and predictions
are contingent on well-specified conditions. Models often
are referred to as theories and are the theories that are most
familiar to ecologists. We emphasize that this is not the
level of theory that we present here.

If quantitative predictions occur at the level of models,
what is the utility of the other levels? That question is easy
to answer for constituent theories. Such theories identify the
necessary structure for models to address a particular issue
(e.g., diversity along gradients). Such guidelines make
model development easier and more complete, and can
reveal interrelationships among seemingly disparate mod-
els. For example, Scheiner and Willig (2005) demonstrate

how an articulated theory can be used to guide model
development.

The issue of prediction is separate from the existence
of a well-developed theory. A theory can provide
understanding without prediction. Precise predictions
may be difficult or impossible for many reasons, including
context dependency, scale dependency, nonequilibrial
dynamics, and the importance of historical contingency.
Ecological theories—both general and constituent—are
often probabilistic rather than deterministic, identifying
the contexts within which particular patterns or process
are more likely to manifest. To the extent that theory
drives research, constituent theories make clear where
assumptions lie, the sorts of predictions that are possible,
and criteria for evaluating the relative merits of different
lines of inquiry.

The utility of a general theory may be less apparent
because it is two levels removed from the quantitative
predictions that rigorously evaluate theories and test models
(Ives and Agrawal 2005). Consequently, we address this
issue at the end of this essay, once we have clarified the
nature of a general theory and have articulated a theory
of ecology.

A general theory of ecology

A general theory consists of a domain plus a set of
fundamental principles. Fundamental principles are broad
statements about empirical patterns and the processes that
operate within a domain. The domain and fundamental
principles of a general theory of ecology are presented
below. We do not present the fully amplified theory with all
of its components. Such an endeavor would take an entire
book. Rather, our goal is to present its basic premises in
sufficient detail so that others understand their meaning and
reasons for inclusion within the theory. Clarification of the
nature of those premises results in a framework for theories
in ecology. Having such a framework and articulating the
theories within it will help to catalyze the unification of
theory in ecology.

We do not claim that the general theory of ecology is
novel. Quite the contrary, its elements have existed for at
least the past 50 years. However, it has never been
described formally and concisely, although many of its
principles are implicit in the table of contents of most
ecology textbooks (see references in Table 1). Nor do we
claim that the theory, as presented here, is the final version.
Rather, it should be considered provisional and evolving.
The list of fundamental principles may require additions,
deletions, or refinements. Critically, this process can occur
only after the theory has been formalized and discussed in
an open scientific forum.
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The domain of ecology

Before we synthesize and make explicit the structure of
this general theory, we need to define its domain.
Although domains are artificial constructs, they serve as
foci for organizing theories into coherent entities. The
domain of ecology and its general theory is the spatial
and temporal patterns of the distribution and abundance
of organisms, including causes and consequences.
Although our definition of the domain spans the
definitions found in most textbooks (Table 1), it is
different in two respects. First, our definition includes the
phenomena to be explained (i.e., spatial and temporal
patterns of abundance of organisms) and the causes of
those phenomena. Some definitions include only the latter
(i.e., interactions of organisms and environments). Second,
and most strikingly, our definition explicitly includes the
study of the consequences of those phenomena, thereby
embracing much of ecosystem sciences.

The rules governing fundamental principles

Fundamental principles can be determined by a simple set
of rules, although we recognize that the application of the
rules is open to debate and disagreement. Here, we present
the rules in the abstract; they are made more concrete when
applied to the principles of the theory of ecology.

Fundamental principles are of two general types: those
unique to the domain of consideration, and those shared
with other domains. If a fundamental principle is unique to
a domain, it must meet one of two criteria, either the
principle is shared by many constituent theories within the
domain, or the principle is necessary for distinguishing
competing general theories. We refer to the former criterion
as the inclusionary rule and the latter as the exclusionary
rule. Inclusionary principles must be broad, whereas
exclusionary principles may be narrow and can often be
the result of the history of debates about a theory. If a
fundamental principle is shared with another domain, it
must be a consequence of mechanisms from another
domain and have domain-specific causal significance. We
refer to this criterion as the causal rule.

These criteria mean that a principle taken unchanged
from another domain need not be specified within a theory.
We take as given the fundamental principles of any other
general theory. We recognize the general tenet of con-
silience, that the entire set of scientific theories must be
consistent with each other (Whewell 1858). Theories may
clash, but such clashes indicate foci of research that
advance understanding. In general, theories inhabiting
different domains will not clash directly, although results
from one domain can point to problems with theories in
other domains. For example, studies of geographical
distributions of clades of organisms, within the domain of
historical biogeography, became important evidence for the
theory of continental drift, a part of the domain of geology.
In that instance, the need for a causal mechanism to explain
distribution patterns (the causal rule) was one factor that led
to the development of new fundamental principles in
another domain.

The fundamental principles of ecology

The general theory of ecology consists of seven fundamen-
tal principles (Table 2). These principles were in place by
the 1950s and were widely accepted by most ecologists
after the coalescence of the field of ecosystem ecology and
the cementing of the Modern Synthesis in evolutionary
biology. Of course, the roots of all of the principles go back
much further.

The first fundamental principle—the heterogeneous
distribution of organisms—is a refinement of the domain.
It encompasses the basic object of interest and its most

Table 1 Definitions of ecology as presented in various textbooks

Source Definition

Odum (1971) [T]he study of the structure and function
of nature

McNaughton
and Wolf
(1973)

[The] scientific study of the relationships between
organisms and their environments

Ricklefs (1979) [T]he study of the natural environment,
particularly the interrelationships between
organisms and their surroundings

Colinvaux
(1986)

[T]he study of animals and plants in relation to
their habits and habitats

Ehrlich and
Roughgarden
(1987)

[T]he study of the relationship between organisms
and their physical and biological environments

Stiling (1992) [T]he study of interactions between organisms and
between organisms and their environments

Dodson et al.
(1998)

[T]he study of the relationships, distribution, and
abundance of organisms, or groups of organisms,
in an environment

Krebs (2001) [T]he scientific study of the interactions that
determine the distribution and abundance of
organisms

Begon et al.
(2006)

[T]he scientific study of the interactions between
organisms and their environment

Gurevitch et al.
(2006)

[T]he study of the relationships between living
organisms and their environments, the
interactions of organisms with one another, and
the patterns and causes of the abundance and
distribution of organisms in nature

This paper The study of the spatial and temporal patterns of
the distribution and abundance of organisms,
including causes and consequences
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important property. The heterogeneity of distribution is one
of the most striking features of nature: all species have a
heterogeneous distribution at some, if not most, spatial
scales. Arguably, the origins of ecology as a discipline and
the first ecological theories can be traced to its recognition
(Forster 1778; von Humboldt 1808). This heterogeneous
distribution is both caused by and a cause of other
ecological processes. The fundamental principles are not
independent causal mechanisms, rather, the mechanisms
that they encompass interact.

The second fundamental principle—interactions of
organisms—includes within it the vast majority of ecolog-
ical processes responsible for heterogeneity in time and
space. Many definitions of ecology are equivalent to this
principle (Table 1). Within this principle, particular inter-
actions that are part of constituent theories act to unpack the
general theory (see Constituent theories section).

The third fundamental principle—contingency—represents
either the inclusionary rule or the exclusionary rule, depending
on views of the history of theories in ecology. We discuss the
exclusionary nature of this principle at the time of its genesis
(see Competing general theories section). Since that time,
recognition of the importance of contingency in all ecological
processes has increased steadily and now appears in a wide
variety of constituent theories and models. Contingency is an
important cause of the heterogeneous distribution of
organisms, both at very large extents of time and space
(e.g., a particular species arose on a particular continent) and
at very small extents (e.g., a seed lands in one spot and not
another).

We speculate that general theories of all domains include
some version of this principle (e.g., genetic drift in
evolution; quantum theory in physics). Thus, it might be
considered fundamental to all scientific theories. This
principle demonstrates that the decision to include a

fundamental principle and the type of rule that is the basis
for inclusion are not always clear and may be subject to
debate by scientists, historians, and philosophers.

The fourth fundamental principle—environmental
heterogeneity—is a consequence of processes from the
domains of the earth and space sciences. For example,
seasonal variation in temperature is the result of orbital
properties of the Earth, whereas a variety of geophysical
processes create heterogeneity in environmental stressors
like salt (e.g., wave action near shores) or heavy metals
(e.g., geologic processes that create differences in bed-
rocks). It is beyond the scope of this paper to detail all of
those processes and their domains. Indeed, this principle
encompasses many constituent theories and contains a
broad class of underlying mechanisms for the heteroge-
neous distribution of organisms. As with the second
principle, particular mechanisms pertain to particular
constituent theories. Again, the fundamental principle
captures a wide range of theories and mechanisms so as
to provide a unifying framework.

The fifth principle—finite and heterogeneous resources—
is again a consequence of processes from the domains of the
earth and space sciences. Although variation in resources is
similar to variation in environmental conditions, a funda-
mental distinction is the finite nature of these resources.
Unlike an environmental condition, a resource is subject to
competition. For example, seasonal variation in light and
temperature are caused by the same orbital mechanisms, but
light is subject to competition (e.g., one plant shades
another), whereas temperature is a condition and not subject
to competition. This distinction in the nature of environ-
mental factors with regard to competitive processes can
result in very different ecological outcomes (e.g., patterns of
â diversity in plant communities, Scheiner and Rey-Benayas
1994). Whether a particular environmental factor is a
condition or a resource can be context dependent. For
example, water is sometimes a resource subject to compe-
tition (e.g., plants in a desert), and sometimes a condition
(e.g., fish in the ocean).

The sixth fundamental principle—the mortality of
organisms—is the result of processes that come from the
domain of organismal biology, physiology, and develop-
ment. By “mortal” we mean that no organism is invulner-
able, i.e., any organism might die as the result of predation,
stress, or trauma. We do not mean by this principle that all
organisms senesce. The senescence of organisms is a more
narrow version of this principle that would apply to
particular constituent theories. Although the majority of
multicellular species apparently senesce, this has not been
demonstrated for some multicellular species. We are not
aware of an articulated theory of development or physiol-
ogy that predicts the necessity of or conditions for
senescence, but suspect that it could be accomplished given

Table 2 The seven fundamental principles of the general theory of
ecology and the rules that determine their inclusion

Seven fundamental principles

1. Organisms are distributed in space and time in a heterogeneous
manner. [inclusionary rule]
2. Organisms interact with their abiotic and biotic environments.
[inclusionary rule]
3. The distributions of organisms and their interactions depend on
contingencies. [exclusionary rule]
4. Environmental conditions are heterogeneous in space and time.
[causal rule]
5. Resources are finite and heterogeneous in space and time.
[causal rule]
6. All organisms are mortal. [causal rule]
7. The ecological properties of species are the result of evolution.
[causal rule]
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current knowledge of organisms. We will let philosophers
argue whether a bacterium that splits into two represents a
single, immortal organism or (our position) the end of one
individual and the creation of two new individuals. This
fifth principle, either in the more general version of
vulnerability or in the more narrow version of senescence,
forms the basis of a large number of constituent theories
concerning phenomena as wide ranging as life histories,
behavior, demography, and succession.

The seventh principle—the evolutionary cause of eco-
logical properties—is the result of processes that derive
from the theory of evolution. The inclusion of evolution
within ecological thinking was an important outcome of the
Modern Synthesis. Although evolutionary thinking about
ecological processes goes back at least to Darwin (1859),
evolutionary thinking had been infusing ecology more
widely at least since the 1920s (Collins 1986; Mitman
1992) and its widespread acceptance occurred primarily in
the latter half of the 20th century. The acceptance of this
principle led to such disciplines as behavioral ecology and
population biology, and the demise of the Clementsian
superorganism theory (see Competing constituent theories).
It is in this latter capacity that this principle can be
considered under the exclusionary rule and the causal rule.

The scope of the fundamental principles

These fundamental principles are necessary and sufficient
to support a general theory of ecology. One or more of the
propositions of each constituent theory of ecology can be
shown to be a consequence either of the fundamental
principles of ecology, or of principles from other domains.
A proposition of a constituent theory can be a consequence
of a fundamental principle in three ways. First, a proposi-
tion may be a member of a class defined by a fundamental
principle. For example, competition, a type of biotic
interaction (principle 2), plays a key role in plant
succession (Pickett et al. 1987). Second, a constituent
theory can identify, define, or refine particular patterns or
mechanisms identified in a fundamental principle. For
example, variation in dispersal distance, a form of contin-
gency (principle 3), is a component of population dynamic
theory (Turchin 2001). Third, a proposition in a constituent
theory might be derived formally from a fundamental
principle. For example, in food web theory, rules governing
food chain length derive from aspects of the second law of
thermodynamics (a principle in the domain of physics). In
the next section, we examine further the relationship
between fundamental principles and the propositions of
constituent theories.

To the extent that the fields of ecology can be
characterized as a collection of related or overlapping
constituent theories, these principles provide the scaffolding

for a mature and fully developed theory that applies to all
subdisciplines of ecology. The general theory establishes
relationships among constituent theories. Linkages occur
when constituent theories are derived from one or more of
the same fundamental principles. Constituent theories that
share fundamental principles must be consistent with each
other. If they are not, one or more of those theories may
require revision. Some of the propositions may be the
consequence of theories in other domains. To be a
constituent theory within the domain of ecology, at least
one of its propositions would have to be a consequence of
the fundamental principles of the general theory of ecology.

The fundamental principles do not include ecological
entities or systems, such as populations, communities, or
ecosystems. Rather, those entities are a consequence of the
mechanisms embodied by the principles. For example, a
population and its properties are the consequence of
organisms of a single species inhabiting a particular
location (principle 1) and interacting with each other
(principle 2). Philosophers refer to this derivation of one
object from other principles as ontological reduction.
Ontological reduction is favored because it results in theory
simplification and eliminates ontological primitives that
require special explanation.

The fundamental principles do not specify mechanisms.
It is the function of constituent theories to explicate the
types and appropriateness of particular mechanisms. For
example, interactions such as predation, herbivory, compe-
tition, mutualism or parasitism might be mechanisms within
theories of community structure. Such lack of specificity
has two causes. The first relates to the diversity of
environmental and historical circumstances which deter-
mine the importance of any suite of mechanisms effecting
the properties of ecological systems. Any attempt to
enumerate the circumstances in which particular biotic
interactions dominate would create an unwieldy theory. The
second cause relates to the history of ecology, which can be
characterized as the accumulation of mechanisms about, and
an appreciation for, the complexity of ecological systems.
Rather than debates about the existence of mechanisms,
disagreements mostly have been about their relative impor-
tance, a dispute that occurs at the level of constituent
theories, rather than at the level of the general theory.

The exact list of fundamental principles of ecology
certainly will be the subject of debate. Recently, a partial
form of our general theory was advanced by Lawton (1999)
as a list of “universal laws that underpin all ecological
systems” that are equivalent to principles 2 and 7. He
included other principles such as the first and second laws
of thermodynamics and the conservation of mass. We did
not include those principles because they were taken
unchanged from the domain of physics. He also included
physical principles governing a broad set of properties
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which underpin the physiology of organisms. Those were
not included because we consider the physiology of
organisms to be outside the domain of ecology. The effects
of principles in that domain appear in our theory in the
guise of principle 6. Otherwise, those principles might play
roles in more specific, constituent theories. Our effort also
differs from that of Lawton by providing a set of rules by
which one can decide whether a principle should be
included within the general theory.

Constituent theories

A general theory of ecology should be able to construct and
accommodate all constituent theories within the domain of
ecology. We demonstrate this accommodation and the way
in which their propositions are consequences of fundamen-
tal principles by examining two constituent theories.
Turchin (2001) presented a theory of population dynamics
consisting of various models of population growth, which
he referred to as laws and enunciated several propositions
that form the bases of those laws. The propositions, which
he called “foundational concepts,” are: exponential popula-
tion growth, self-limitation, and trophic oscillations. These
propositions are a consequence of fundamental principles
2–6. The pattern of exponential population growth is a
function of the birth and death (principle 6) of individuals,
but can also be affected by environmental heterogeneity
(principle 4) and various types of contingency (principle 3).
Population self-limitation occurs because resources are
finite (principle 5). Trophic oscillations occur because of
interactions among species (principle 2). Although not
expressed precisely within the conceptual framework
presented here, Turchin’s ideas amount to a constituent
theory that it is quite mature.

This example also demonstrates how fundamental
principles can set boundaries on the form of constituent
theories and models. Turchin (2001) explains how a system
that contained an additional proposition involving sponta-
neous generation would result in different models of
population growth, linear rather than exponential. Clearly,
however, the proposition of spontaneous generation is not
supported by any fundamental principle in any general
theory of biology.

Scheiner and Willig (2005) presented a theory of
diversity gradients consisting of four propositions: limiting
resources (a consequence of principle 5), species pools
(principle 1), environmental variation (principle 4), and
population or organismal trade-offs (principles 6 and 7).
Those propositions, in turn, embody a large variety of
models. While those models have been presented as
contradictory or in opposition, when presented as part of a
framework of propositions their commonalities become

clear. Levins (1968) pointed out that no model can
simultaneously maximize generality, precision, and realism.
At most, a model can strive to maximize two of these
qualities, and the majority of models are a compromise
among all three. Since there is no best all-purpose model,
theory unification permits one to choose which among a
variety of models is most appropriate for a given situation,
while allowing one to relate model results to those of other
models. In a similar fashion, a general theory exposes
commonalities among constituent theories.

Ecology contains a plethora of constituent theories that
differ in maturity (Table 3). Some, such as the equilibrium
theory of island biogeography, are mature. Substantial
effort has refined the mathematical models of that theory
and demonstrated its empirical utility. Other constituent
theories are promising but underdeveloped. For example,
the metabolic theory of ecology currently consists of a
single model and lacks a broader unifying set of proposi-
tions that would facilitate the building of alternative
models.

For any of these constituent theories, we could go
through a similar exercise of explicating their propositions
and showing how those propositions are a consequence of
the fundamental principles of ecology. Our claim is that one
or more of the fundamental principles are necessary to any
of ecology’s constituent theories, and the fundamental
principles of the entire set of general theories in science
are sufficient to derive their propositions. It is beyond the

Table 3 Selected constituent theories of ecology

Theory Stage of
maturity

Reference

Island biogeography theory More
complete

MacArthur and
Wilson (1967)

Foraging theory More
complete

Stephens and
Krebs (1986)

Succession theory More
complete

Pickett et al. (1987)

Metapopulation theory More
complete

Hanski (1999)

Population dynamic theory More
complete

Turchin (2001)

Niche theory More
complete

Chase and
Leibold (2003)

Food web theory Intermediate Pimm (1982)
Theory of latitudinal
gradients of diversity

Intermediate Willig et al. (2003)

Metabolic theory of ecology Intermediate Brown et al. (2004)
Unified theory of diversity
gradients

Intermediate Scheiner and
Willig (2005)

Metacommunity theory Less
complete

Leibold et al. (2004)

The associated reference is illustrative rather than definitive or
comprehensive.
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scope of this paper to verify this claim in an exhaustive
fashion, although that is a paramount task for further
development of a general theory of ecology.

Theories differ in their level of generality. We classify a
theory as a constituent theory if it meets one of two criteria:
the theory serves to unite many models that attempt to
explain a single phenomenon (e.g., the theory of diversity
gradients), or a single model is portrayed as explaining a
broad range of phenomena (e.g., the metabolic theory of
ecology). Otherwise, the theory is likely a model within a
more general constituent theory, or a nascent constituent
theory.

The nature and benefits of a general theory of ecology

What we term “constituent theory” is what ecologists often
refer to as “theory” with all of its components, including
facts, generalization, laws, models and hypotheses (Pickett
et al. 1994). A general theory is sparser, consisting of a
domain and a set of fundamental principles, which together
define a framework. For a general theory, the other
components are encapsulated within its constituent theories.
A general theory is mature only to the extent that its
constituent theories are mature and their interrelationships
are clear. In this regard, the general theory of ecology is an
adolescent, some of its constituent theories are quite
mature, while others are still under ripe, and the interrela-
tionships among them are not well established.

Competing constituent theories

A general theory provides several benefits. It helps
scientists decide between competing constituent theories.
For example, in plant ecology in the first half of the
twentieth century, two competing theories considered the
nature of communities. These two extreme viewpoints
differed in the importance they ascribed to biotic versus
abiotic factors, and predictable versus random processes in
shaping community structure.

The first theory, proposed by Clements (1916), saw plant
communities as highly organized entities made up of
mutually interdependent species. Communities were super-
organisms—the analogue of individual organisms—that are
born, develop, grow, and eventually die. Two of the
hallmarks of the superorganism concept were the presence
of very tight linkages among species within communities
and cooperation among the species in a community for the
benefit of the entire community.

The alternative theory, put forward by Gleason (1917;
1926), posited that communities are the result of the
interactions of each species and the environment (biotic
and abiotic factors) in combination with chance historical

events. Each species has its own environmental tolerances
and thus responds in its own way to environmental
conditions. The implication was that along an environmen-
tal gradient, different species would have their boundaries
at different places. Not only were communities not tightly
linked superorganisms, but defining the collection of
species living together in a particular place as a community
was an arbitrary human construct.

These two theories disagreed on a number of grounds
that can be seen within the framework of the general theory.
For example, they held to different ideas about how
evolution shapes ecological traits (principle 7). They
differed in the nature of environmental heterogeneity
(principle 4), and they differed in the nature of interactions
among organisms (principle 2). If the general theory of
ecology had been formalized while those theories were
being debated, it might have made the nature of the
disagreements clearer, focused the disagreements along
productive lines of inquiry, and pointed to the evidence
needed to decide between them.

Competing general theories

Formalizing a general theory facilitates an assessment of
the merits of competing general theories. Competing
general theories are distinguished by either requiring,
rejecting, or altering the form of fundamental principles.
The shift in ecology from an equilibrium paradigm to a
nonequilibrium paradigm illustrates this process. In terms
of our general theory, one aspect of this shift was the
recognition of the importance of contingency through the
addition of the third principle. A general theory of ecology
that posits that the world is in equilibrium, while potentially
recognizing a role for contingency, would not see contin-
gency as being a major mechanism. Rather, the equilibrium
paradigm included a strongly deterministic viewpoint, and
principle 3 was simply part of particular models rather than
a fundamental principle. We realize that this example is
oversimplified and does not capture the complexities of the
debate. McIntosh (1985) provides a detailed discussion of
the history of this conceptual shift.

A general theory also highlights the nature of disagree-
ments about mechanisms. In the general theory of ecology,
no biotic mechanism is given primacy. During the 1970s
and 1980s, a debate raged among ecologists about the
primacy of competition in structuring communities (McIntosh
1985). The outcome of that debate was an agreement that
competition is an important process, but that other processes
can be of equal or greater importance in many circumstances.
In the context of the general theory of ecology, the debate
was whether the set of fundamental principles was insuffi-
cient and needed an additional statement about the primacy
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of competition, with the conclusion being that no such
principle was warranted.

Whither ecology?

We recognize that ecology presents challenges for unifica-
tion—the vast number of objects (e.g., taxa) to be
considered leads to an extreme diversity of disparate
models. All the more reason to reiterate our previous call
for ecologists to develop and integrate unified, constituent
theories (Scheiner and Willig 2005). The general theory
presented here should help guide that process. We ecolo-
gists need no longer argue among ourselves about the
strength of the theoretical underpinnings of our discipline.
The components of a general theory have existed for many
years. The next challenge is to establish the relationships
among ecology’s constituent theories. Indeed, the cries that
the empress has no clothes were myopic. Now fully vested,
it is clear: ecology is a well dressed lady, as elegant as any
of her sister disciplines in the sciences.

Acknowledgements For insightful comments, we thank Jim Collins,
Gordon Fox, Jim Grace, Bob Holt, Jane Maienschein, Alan Tessier,
Bill Zamer, and several anonymous reviewers. This manuscript is
based on work done by both authors while serving at the National
Science Foundation. The views expressed in this paper do not
necessarily reflect those of the National Science Foundation or the
United States Government. Partial support to MRW was provided by
the Center for Environmental Sciences and Engineering at the
University of Connecticut.

References

Begon M, Townsend CR, Harper JL (2006) Ecology, 4th edn.
Blackwell, Oxford

Brown JH, Gillooly JE, Allen AP, Savage VM, West GB (2004)
Toward a metabolic theory of ecology. Ecology 85:1771–1789

Chase JM, Leibold MA (2003) Ecological Niches: Linking Classical
and Contemporary Approaches. University of Chicago Press,
Chicago

Clements FE (1916) Plant Succession. Carnegie Institute of Washington,
Washington, DC

Colinvaux P (1986) Ecology. Wiley, New York
Collins JP (1986) Evolutionary ecology and the use of natural

selection in ecological theory. J Hist Biol 19:257–288
Darwin CR (1859) On the Origin of Species by Means of Natural

Selection. Murray, London
Dodson SI et al. (1998) Ecology. Oxford University Press, Oxford,

UK
Ehrlich PR, Roughgarden J (1987) The Science of Ecology.

Macmillan, New York
Forster JR (1778) Observations made during a voyage round the

world, on physical geography, natural history, and ethnic
philosophy. G. Robinson, London

Giere RN (1988) Explaining Science: A Cognitive Approach.
University of Chicago Press, Chicago

Gleason HA (1917) The structure and development of the plant
association. Bull Torrey Bot Club 43:463–481

Gleason HA (1926) The individualistic concept of the plant
association. Bull Torrey Bot Club 53:7–26

Gurevitch J, Scheiner SM, Fox GA (2006) The Ecology of Plants, 2nd
edn. Sinauer, Sunderland, MA

Hanski I (1999) Metapopulation Ecology. Oxford University Press,
New York

Hempel CG (1965) Aspects of Scientific Explanation. The Free, New
York

Ives AR, Agrawal AA (2005) Empirically motivated ecological
theory. Ecology 86:3137–3138

Krebs CJ (2001) Ecology. Benjamin Cummings, New York
Kutschera U, Niklas KJ (2004) The modern theory of biological

evolution: an expanded synthesis. Naturwissenschaften 91:
255–276

Lawton JH (1999) Are there general laws in ecology? Oikos 84:
177–192

Leibold MA et al. (2004) The metacommunity concept: a framework
for multiscale community ecology. Ecol Lett 7:601–613

Levins R (1968) Evolution in Changing Environments. Princeton
University Press, Princeton, NJ

MacArthur RH, Wilson EO (1967) The Theory of Island Biogeogra-
phy. Princeton University Press, Princeton, NJ

Mayr E (1982) The Growth of Biological Thought. Belknap,
Cambridge, MA

McIntosh RP (1985) The Background of Ecology. Cambridge
University Press, Cambridge

McNaughton SJ, Wolf LL (1973) General Ecology. Holt, Rinehart and
Wilson, New York

Miller RW (1987) Fact and Method. Princeton University Press,
Princeton, NJ

Mitman G (1992) The State of Nature. University of Chicago Press,
Chicago

Odum EP (1971) Fundamentals of Ecology. Saunders, Philadelphia
Pickett STA, Collins SL, Armesto JJ (1987) Models, mechanisms and

pathways of succession. Bot Rev 53:335–371
Pickett STA, Kolasa J, Jones CG (1994) Ecological Understanding.

Academic, San Diego
Pimm SL (1982) Food Webs. Chapman and Hall, New York
Ricklefs RE (1979) Ecology. Chiron, New York
Scheiner SM, Rey-Benayas JM (1994) Global patterns of plant

diversity. Evol Ecol 8:331–347
Scheiner SM, Willig MR (2005) Developing unified theories in

ecology as exemplified with diversity gradients. Am Nat
166:458–469

Simberloff D (2004) Community ecology: is it time to move on? Am
Nat 163:787–799

Stephens DW, Krebs JR (1986) Foraging Theory. Princeton University
Press, Princeton, NJ

Stiling P (1992) Ecology. Prentice Hall, Upper Saddle River, NJ
Suppe F (1977) The Structure of Scientific Theories. University of

Illinois Press, Urbana, IL
Turchin P (2001) Does population ecology have general laws? Oikos

94:17–26
von Humboldt A (1808) Ansichten der Natur mit wissenschaftlichen

Erlauterungen. J. G. Cotta, Tübingen, Germany
Whewell W (1858) Novum Organon Renovatum, London
Willig MR, Kaufman DM, Stevens RD (2003) Latitudinal gradients of

biodiversity: pattern, process, scale, and synthesis. Annu Rev
Ecol, Evol, and Syst 34:273–309

Theor Ecol


	A general theory of ecology
	Abstract
	Introduction
	What is a theory?
	A general theory of ecology
	The domain of ecology
	The rules governing fundamental principles
	The fundamental principles of ecology
	The scope of the fundamental principles

	Constituent theories
	The nature and benefits of a general theory of ecology
	Competing constituent theories
	Competing general theories

	Whither ecology?
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


