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ABSTRACT 
The ecosystem is a fundamental ecological concept 
that is not as simple as it first appears. We explore 
three key dimensions of the concept that make it 
both complex and broadly useful-its basic defini- 
tion, its application via models to concrete or spe- 
cific situations, and its metaphorical connotations 
as used in general communication within the do- 
main of science and with the public at large. Clarity 
in identifying what the dimensions are and how 
they are related can help to maintain the rigor of 

INTRODUCTION 

The purpose of this paper is to explore the various 
ways that the contemporary concept of the ecosys- 
tem can be used. Why analyze one of ecology's 
most familiar and widely used concepts? Because, 
far from being simple and straightforward, the eco- 
system is in fact a subtle and complex concept. The 
multiple layers of its meaning and use can result in 
confusion, thereby limiting the utility of the con- 
cept. Furthermore, these layers of meaning and use 
have specific yet often unrecognized theoretical 
linkages. We intend to explore its complexity in a 
straightforward way. Several of the insights we 
draw on have been articulated before. However, to 
our knowledge, this essay is the first attempt to 
synthesize a full assessment of the complexity of the 
ecosystem concept. The analysis is timely because 
concepts and their use evolve through time as a 
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the concept for specific scientific uses while also 
allowing enough flexibility for its use in the inte- 
gration of scientific principles, as well as in public 
discourse. This analysis of the ecosystem as a mul- 
tidimensional concept is likely to be generalizable to 
other important concepts in ecology. 

Key words: ecosystem concept; ecosystem defini- 
tion; metaphor; model; specification; values. 

science and its application mature. Furthermore, 
peeling back the layers of complexity and examin- 
ing the theoretical implications of the ecosystem 
concept may serve as a model for the analysis of 
other multifaceted ecological concepts. We will 
conclude by briefly indicating how our analysis of 
the ecosystem concept can serve as a paradigm for 
simplifying the complexity of other ecological con- 
cepts. 

There are at least three linked, yet different, ways 
that the concept of the ecosystem can be used. Each 
of these uses can be considered a separate dimen- 
sion of this complex concept. The three dimensions 
are meaning, model, and metaphor. The first di- 

mension-meaning-is a technical definition that 
can be used in a wide variety of situations. How- 
ever, for the definition to actually be used in a given 
situation, a domain and a variety of features must 
be specified (Jax 1998). Therefore, the second di- 
mension is a model that embodies the specifications 
needed to address the many real or hypothetical 
situations that the definition might apply to. Fi- 
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nally, there is a metaphorical dimension that ap- 
pears in informal scientific discussions, in common 
parlance, and in public dialogue (Golley 1993). Be- 
cause these three uses are so disparate, and because 
ecologists and others use the concept without being 
clear about which dimension they are referring to at 
a given time, we set out to describe, contrast, and 
link the three kinds of uses. 

MEANING: WHAT IS AN ECOSYSTEM? 

The three dimensions of the ecosystem concept are 
meaning, model, and metaphor. We begin by ad- 
dressing the abstract definition, or meaning, of the 
ecosystem. This dimension answers the question, 
"What is an ecosystem?" The basic definition of the 
ecosystem was first articulated in 1935 by Sir 
Arthur Tansley. Tansley's presentation is remark- 
able for its clarity, generality, and inclusiveness. It is 
also remarkable among the founding documents of 
ecology in still being widely read and accessible 
(Real and Brown 1991). Tansley defined the eco- 
system as a biotic community or assemblage and its 
associated physical environment in a specific place. 
Because Tansley wanted to emphasize the links be- 
tween the biotic and the abiotic components of 
ecosystems, he chose a term from physics-"sys- 
tem"-that highlighted interactions. Furthermore, 
he presented both the abiotic and biotic compo- 
nents as complexes. Therefore, the main compo- 
nents of the concept are its abiotic and biotic fea- 
tures and the interactions between them. Because 
the components of the ecosystem are themselves 
complexes within which there are interactions, a 
nested hierarchical structure is implied in the basic 
definition. 

The definition has other important characteris- 
tics. First, it is scale independent (Allen and Hoek- 
stra 1992). An ecosystem can be of any size so long 
as organisms, physical environment, and interac- 
tions can exist within it. Given this first character- 
istic, ecosystems can be as small as a patch of soil 
supporting plants and microbes; or as large as the 
entire biosphere of the Earth. However, all in- 
stances of ecosystems have an explicit spatial ex- 
tent. The extent must be specified and bounded 
(Likens 1992; Odum 1993). Such specification is in 
fact the reason that the concept needs the second 
dimension of models. 

Another important feature of the basic definition 
is that the ecosystem concept is free of narrow 
assumptions. It is not restricted to equilibrium, or 
complex, or stable systems. In fact, ecosystems may 
be far from equilibrium, so that they are changing 

ents and energy (Holling 1973). Similarly, ecosys- 
tems may be autotrophic or heterotrophic (Odum 
1989). They may be simple, such as those that 
contain only a few microbes and some detritus ex- 
ported from elsewhere. Likewise, they may be fleet- 
ing, remaining in existence only a short time. Of 
course, the Earth abounds in persistent and com- 
plex ecosystems as well (Odum 1971). In addition, 
ecosystems can include humans and their artifacts. 
Tansley (1935), in his seminal definition, was at 
pains to emphasize that ecologists should study eco- 
systems that incorporate humans and human-gen- 
erated processes and structures (Odum and Odum 
1976; Odum 1977; Costanza and others 1993; 
Christensen and others 1996; Grimm and others 
2000). 

The power of the general definition articulated 
by Tansley (1935) is that it is applicable to any 
case where organisms and physical processes in- 
teract in some spatial arena. Therefore, the basic 
definition covers an almost unimaginably broad 
array of instances. The use of the ecosystem as a 
core idea invites a wide variety of approaches, 
from biodiversity, through evolutionary, to nutri- 
ent and energy processing, from instantaneous to 
historical, and from microbial to biospheric 
(Jones and Lawton 1995). However, the power of 
the general definition can only be captured and 
used effectively if there is a framework or way to 
organize the huge array of cases and approaches. 
Therefore, a second dimension of the ecosystem 
concept is required to specify how the abstract 
definition is being used in a specific case or range 
of cases (Jax 1998). The second dimension com- 
prises models. 

MODEL: How ARE ECOSYSTEMS BUILT 
AND How Do THEY WoRK? 

Because the conceptual definition of the ecosys- 
tem is neutral in scale and constraint, models are 
necessary to translate the definition into usable 
tools (Pickett and others 1994). Translation re- 
quires that the parts, interactions, and scope of 
the system of interest be specified. Some of the 
features of ecosystem models are determined by 
the researcher, based on the questions guiding 
the research or application; whereas other fea- 
tures emerge from the nature of the material 
system under study. Models may be verbal, 
graphical, diagrammatic, physical, or quantita- 
tive. This section briefly expands on these ideas 
and gives examples of the diversity of models that 
are used to translate the general definition of the 

in composition, content, or the processing of nutri- ecosystem into a working research tool. 
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Ecosystem models encompass a wide range of 
perspectives. Their variety reflects the paradigmatic 
breadth of ecology (Pickett and others 1994). Ecol- 
ogy arose at the intersection of organismic biology 
and various physical sciences (Hagen 1992; Golley 
1993); it ranges from population genetics, evolu- 
tion, and physiological ecology at one extreme, 
through landscape ecology and biogeochemistry at 
the other (Likens 1992). In addition, ecologists are 
increasingly exploring their links with the human 
sciences (Golley 1993; Cronon 2000), a relationship 
that has deep roots (Park 1936; Odum 1971; Odum 
1977). It is a testament to its rigor that the concept 
of the ecosystem is relevant throughout this amaz- 
ingly broad spectrum. Ecosystem models are ap- 
plied all along this disciplinary breadth while re- 
taining the basic structural requirement that 
ecosystems encompass a biotic complex, an abiotic 
complex, the interaction between them, and a 
physical space. 

Types of Models 

Various ecosystem models have been developed 
based on the diverse foci of energy, nutrients, 
organisms, and the inclusion of human sciences. 
One common focus of ecosystem models is en- 
ergy. This perspective recognizes that living sys- 
tems are nonequilibrium thermodynamic systems 
that require a flow of energy for their mainte- 
nance. How energy is processed, partitioned, and 
dissipated has engaged ecologists since the early 
days of the discipline (Golley 1993). Food web 
models are the most common kinds of ecosystem 
energetic models (Slobodkin 1960; Odum and 
Odum 2000). Sophistication has been added to 
energetic models by the recognition that systems 
as disparate as cities and oyster reefs require more 
than the immediate throughput of energy (Odum 
1971). The energy needed for the concentration, 
acquisition, and distribution of the energy actu- 
ally used in throughput has to be accounted for in 
ecosystem energetic models. This idea is embed- 
ded in the concept of "emergy" introduced by 
H. T. Odum (1994). 

With roots as deep as those of energetic models, 
nutrient models have considered the material bud- 
gets of ecosystems, including pollutants (Bormann 
and Likens 1970). In addition, nutrient models in- 
corporate the chemical and biological processes re- 
sponsible for transforming nutrients from one 
chemical species to another, as well as transferring 
nutrients between biotic components (Agren and 
Bosatta 1996). 

Another kind of ecosystem model that is gaining 

and others 1995). Foci in this area include the roles 
of species richness, species identity, keystone spe- 
cies, functional groups, and assembly rules in eco- 
system processes. The aim of these models is to 
clarify the role of various kinds of biological diver- 
sity in ecosystem function (Schulze and Mooney 
1993; Perrings and others 1994; Hooper and Vi- 
tousek 1998). 

Ecologists and economists are currently working 
together to establish the new discipline of ecological 
economics (Ehrlich and Mooney 1983; Costanza 
1991; Daily 1997). One of the essential tools of this 
discipline is a type of ecosystem model that exposes 
the nature and environmental role of economic 
instruments and economic work (Jansson and Jans- 
son 1994; Costanza and Folke 1997; Costanza and 
others 2000). The countercurrent flows of money 
and energy and the role of economic institutions 
are accounted for in these models (Odum 1971; 
Holling 1994). 

As researchers from the fields of ecology, eco- 
logical economics, and the social sciences interact 
more effectively, ecosystem models are beginning 
to incorporate the full range of human institu- 
tions that affect energy, nutrient, and economic 
flows (Berkes and Folke 1994; Odum 1994; 
Machlis and others 1997; Pickett and others 
1997). In particular, models are emerging that 
account for human capital (individual knowledge 
and skills) as well as social capital (community, 
political, formal, and informal institutions) (Folke 
and others 1994; Grove and Burch 1997; 
Costanza and others 2000). 

The ecosystem models enumerated so far con- 
centrate on the biotic and social components and 
the fluxes in ecosystems. Explicit focus on the 
physical space occupied by the ecosystem helps to 
refine ecosystem models by examining the role of 
the physical template (Holling 1973). The physi- 
cal template may include physical and biological 
components, and the heterogeneity of this eco- 
system template may have functional significance 
(Pickett and others 2000). Natural and human 
disturbances and ecological engineers are central 
features of models incorporating the ecosystem 
template (Jones and others 1994). The feedback 
between the physical template and the biotic or 
human components of the ecosystem has 
emerged as an important functional linkage in 
this type of model (Christensen and others 1996; 
Dale and others 2000). 

Despite their variety, these ecosystem models- 
perhaps surprisingly-share some key features. 
First, the conceptual definition of the ecosystem is 

in importance is biodiversity modeling (Mooney expressed in all of these disparate models. Each one 
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includes some sort of biotic complex, an abiotic 
complex, and the interactions that connect the 
complexes internally and with each other; finally, 
each model takes place in an identified or implied 
spatial area. Moreover, the models specify the na- 
ture of these complexes, locations, and the included 
interactions. They do so by posessing a domain that 
is determined in part by the research question and 
in part by the biological and physical contraints 
imposed by the research question. 

Domain of Model 

The following steps are needed to establish the 
domain of a model: (a) identify the components 
of the model, (b) state the spatial and temporal 
scale addressed by the model, (c) delimit the 
physical boundaries of the system, (e) articulate 
the connections among the components, and (f) 
identify the constraints on system behavior 
(Odum 1993; Pickett and others 1994). The com- 
ponents of the models are the biological, social, or 
geophysical entities that are of interest-for ex- 
ample, species, populations, soils, patches, nutri- 
ents, energy, and various kinds of capital. The 
model identifies the components that will be in- 
cluded and specifies at what level of aggregation 
they are evaluated (Jax and others 1998). For 
example, organisms can be considered as individ- 
uals or as communities. 

The second step in establishing the domain of a 
model is to state the spatial and temporal scale and 
the resolution it employs (Allen and Hoekstra 1992; 
Odum and Odum 2000). Temporally, ecosystem 
models can have seasonal, decadal, or even longer 
extents. Spatially, ecosystem models can range 
from fine to coarse scales. For example, a watershed 
model can incorporate large catchments or focus 
within a watershed on patches that produce or 
capture runoff. 

Because ecosystems are conceived as spatial 
units, their boundaries must be specified (Likens 
1992). Boundaries allow ecologists to simplify 
their systems so that models can be tractable, to 
identify an external set of forcing functions, and 
to precisely calculate and follow changes in ma- 
terial and energy budgets (Odum 1993). The 
boundaries of an ecosystem can be set for many 
reasons including (a) as a matter of convenience, 
(b) to follow geomorphological divides, (c) to un- 
derstand a political entity, (d) to recognize 
changes in flux rates, or (e) to respond to changes 
in the frequency of some ecological process of 
interest. Convenience and physical borders are 
the most common motivations for setting ecosys- 
tem boundaries. 

The domain of a model must also make the con- 
nections in the system explicit. Exactly what com- 
ponents and entities are linked to one another? 
Which ones are only indirectly connected? What 
parts of a system are tightly coupled and which only 
weakly coupled? Is there a hierarchical structure of 
functional components in a system based on the 
strength of coupling? These questions are among 
those that must be addressed when describing how 
the components of an ecosystem model are con- 
nected. 

The connections merely indicate which compo- 
nents are linked. How they are linked is exposed by 
identifying the intervening ecological interactions 
and influences. The kinds of interactions that are 
included in the model depend on the type of model 
being built. Processes can be transfers and alter- 
ations of the form of energy and matter, transfers of 
capital, or behavioral, genetic, or informational in- 
fluences. 

A model domain must also identify the con- 
straints on system behavior. Depending on the pro- 
cesses and components included in the model, var- 
ious principles will be relevant to the model and 
may constrain the behavior of system components. 
For example, cybernetic theory suggests that per- 
sistent ecosystems will contain negative feedback 
loops; thus, attention needs to be paid to the role of 
feedback loops in general in ecosystem models 
(Odum 1988). Another example of an assumption 
derived from the physical sciences arises from ther- 
modynamics, which suggests that energy through- 
put will play a role in the self-organization of eco- 
systems (Morowitz 1968). For example, in 
nutrient-based models, the principles of conserva- 
tion of matter and stoichiometry are crucial con- 
straints (Agren and Bosatta 1996). Nutrient models 
that focus on the processing of nitrogen in riparian 
zones, for example, are informed by the physiology 
of nitrification and denitrification, in which the 
availability of oxygen acts as a critical switch. Mod- 
els of water dynamics in ecosystems may combine 
the hydrological concept of the "variable source 
area" with generalizations from the physiology of 
whole-plant water use. Models of the role of chang- 
ing biodiversity in ecosystems will be constrained 
by knowing the limits to evolutionary diversifica- 
tion. 

The domain articulated by the researcher is af- 
fected by the choice of an equilibrium or nonequi- 
librium approach to the model dynamics (Holling 
1973). An equilibrium model assumes that ecosys- 
tem behavior is governed by a single stable domain 
of attraction (Golley 1993). Thus, succession tends 
toward a single fixed climax, or perturbation of 
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nutrient cycles ends in recovery of the predistur- 
bance flux and allocation among pools. In this ap- 
proach, numerical constancy and deviation from a 
quantitative reference is emphasized. In contrast, 
nonequilibrium ecosystem models emphasize the 
degree of persistence of systems (Holling 1986). 
Qualitative states of the system, dynamic fluctua- 
tions, and pulses of resources or regulators are dom- 
inant features of nonequilibrium ecosystem models. 
Nonequilibrium models may exhibit multiple do- 
mains of attraction, shifting stable states, spatially 
dynamic mosaics, and system resilience. Dynamic 
ecosystem models focusing on resilience appear to 
be especially appropriate for human ecosystems and 
the assessment of sustainability (Holling 1994). 

Use of Models 

The richness of topics, complexity of model do- 
mains, and range of behaviors that models can ex- 
hibit suggest that ecosystem models can be used for 
diverse purposes. One obvious use of ecosystem 
models is in the quantification of energy and ma- 
terial budgets. For example, the rigor of watershed 
nutrient budgets has led to important insights about 
ecosystem restoration, succession, and sensitivity to 
continental-scale atmospheric deposition of pollut- 
ants (Likens and others 1996; Vitousek and others 
1997). Applying this rigor to human-dominated 
ecosystems may help to promote projects related to 
restoration and sustainable design (Westley 1995). 

Models can also be useful to facilitate communi- 
cation among scientists. Within a discipline, models 
clarify the assumptions and structures that individ- 
ual scientists or groups deem to be influential in a 
system of interest. When models are used for inter- 
disciplinary research, they reveal which of those 
assumptions and structures are shared by those dis- 
ciplines and which are contradictory (Pickett and 
others 1999). Thus, interscientist communication 
can result in new models, appropriate cross-disci- 
plinary assumptions, and clarity in terminology and 
parameters. 

Clarity within and between disciplines permits 
models to generate testable alternatives. Ecosys- 
tem models are based on principles drawn from 
physical, chemical, organismal, evolutionary, and 
spatial sciences. A thorough assessment of the 
principles from these various disciplines that may 
be relevant to the behavior of an ecological sys- 
tem can help to identify which are necessary to 
provide the fundamental structure of the model, 
which act as switches or controllers, and which 
are not relevant to the dynamics at hand 
(Shachak and Jones 1995). Ecologists must also 

proven to be significant to the behavior of the 
model. Finally, they must decide whether the 
equilibrium or the nonequilibrium approach will 
be more successful in portraying the behavior of a 
particular system. In other words, principles that 
may represent sound science outside the sphere 
of ecosystem ecology can be extrapolated to serve 
as testable hypotheses or tentative assumptions in 
ecosystem models. 

Finally, models provide a useful means of com- 
munication with the public and decision makers. 
Stakeholders interested in the use or outcome of 
an ecosystem model can be instrumental in the 
actual construction of the model (Costanza and 
Folke 1997). Involving stakeholders through a 
process of mediated modeling can help to ensure 
that relevant and respected models are built. 
There are convenient tools available, such as 
STELLA, that both the public and scientists can 
use in mediated modeling (Hannon and Ruth 
1994). Ultimately, when the models are up and 
running, they can provide the entire spectrum of 
the public-from individuals and households, to 
institutions and agencies, to managers and deci- 
sion makers-with technical information about 
the behavior of the human ecosystems they in- 
habit or manage. This use of models leads us to 
consider the final dimension of the ecosystem 
idea-the ecosystem as metaphor. 

METAPHOR: WHAT ARE ECOSYSTEMS 
LIKE AND WHY ARE THEY VALUABLE? 

The two dimensions of the ecosystem discussed so 
far are both in the technical realm and therefore 
require precision and accuracy for their use. How- 
ever, the ecosystem also has an informal and sym- 
bolic use in more general parlance. In its metaphor- 
ical sense, the ecosystem represents one or more 
other concepts or values (Golley 1993; Ulanowicz 
1997). Structural metaphors for the ecosystem as a 
whole include the ecosystem as a machine, the 
ecosystem as an organism, and the ecosystem as an 
algorithm. Behavioral metaphors include ecosys- 
tems as resilient structures or ecosystems as fragile 
structures (Cronon 1995). 

Metaphors can be used in two kinds of situa- 
tions-scientific and social. In science, metaphor 
plays a generative or creative role (Pickett 1999). A 
process under investigation, especially in its early 
development, may be likened to some other phe- 
nomenon. For example, in evolution, artificial se- 
lection or plant and animal breeding served as a 
metaphor for a core mechanism of evolutionary 

determine which principles have not yet been change, natural selection (Young 1985). An exam- 
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ple in ecology can be found in the early develop- 
ment of the theory of succession. Successional 
changes in vegetation were likened to the develop- 
ment of an organism when it was first codified 
theoretically (Clements 1916). Although vegetation 
development is in no sense the same thing as the 
growth, maturation, and senescence of an individ- 
ual organism, the metaphor helped Clements 
(1916) and others extract some useful generaliza- 
tions that organized the study of a multifaceted 
process. The fact that succession can proceed in 
many different ways and from a multitude of causes 
(Glenn-Lewin and van der Maarel 1992) could be 
understood once simple expectations had emerged 
from metaphorical images of development. Meta- 
phors and the more general phenomenon of anal- 
ogies are crucial stimuli to synthesis and innovation 
(Pickett and others 1999). 

Metaphors for scientific concepts are also com- 
mon in public discourse (Holling 1986; Golley 
1993). This arena of communication includes edu- 
cation, the media, policy making, and management. 
In such public uses, the precision and narrow focus 
of technical terms is eschewed in favor of richness 
of connotation and in support of societally impor- 
tant, if sometimes controversial, values. Rather 
than attempt a comprehensive roster, we will give 
only a few examples. These examples illustrate two 
kinds of metaphorical uses-reference to place and 
reference to attributes. 

The ecosystem is often used as a metaphorical 
representation of some place on the Earth's sur- 
face. This type of use has its roots in Tansley's 
(1935) technical definition, a key component of 
which is place (Golley 1993). Examples include 
such uses as "the marsh ecosystem." This is a 
powerful use because it focuses attention on spe- 
cific kinds of places and the generalizations about 
them. In addition, such metaphorical use can fo- 
cus on specific sites, as in "the Gwynns Falls Park 
ecosystem." This more specific spatial metaphor is 
powerful because it invokes a sense of responsi- 
bility and empowerment. 

The ecosystem as place, although useful, is a 
rather shallow metaphor in the public discourse. 
However, in fact, people do often associate values 
with ecosystems as place (Callicott 1992; Chris- 
tensen and others 1996). Values are moral or eth- 
ical stances taken by people, groups, or institutions. 
For example, public use of "the ecosystem" can 
stand for a plethora of attributes people appreci- 
ate-or alternatively, detest-in the natural world 
(Cronon 1995). Therefore, values can be connoted 
metaphorically by the term "ecosystem." Connect- 
edness is one such attribute. "Everything is con- 

nected to everything else" can be either a comfort- 
ing or a threatening metaphorical description of the 
ecosystem, depending on one's perspective. Such 
an idea can express people's value of kinship with 
nature, or their cautionary approach to natural re- 
sources. Values can also be exploited in teaching 
people about ecosystem processes. If one recognizes 
that an audience values connectedness, that idea 
can be used to teach people that ecosystems include 
feedbacks in general or lagged and indirect effects in 
particular. 

In addition, the concept of the ecosystem can be 
used to stand for equilibrium, resistence or resil- 
ience, diversity, and adaptability. Some of these 
connotations are only hypothetical from the per- 
spective of science, whereas others are clearly un- 
supported or highly problematical (Wu and Loucks 
1995). The point here is not to evaluate the veracity 
of such connotations, but only to point to their 
richness and power in the public discourse (Norton 
1992). Although precision is valued in the technical 
use of the ecosystem concept, one of the major 
benefits of its use in public discourse arises from its 
ability to reflect a wide array of processes, values, 
and kinds of interactions. A wide variety of stake- 
holders can be brought together by its flexibility 
because all of them will find some connection with 
their individual concerns (Costanza and Folke 
1997). 

Using the ecosystem concept in public discus- 
sions, which extend from the deliberations of 
courts of law, to administrative regulation, insti- 
tutional decision making, and individual behav- 
iors, adds important dimensions to those discus- 
sions. Moreover, its use can alert scientists to the 
public concerns and interests represented by the 
ecosystem concept (Rozzi 1999) and serve as an 
entry point for ecologists to inject more scientific 
knowledge and greater clarity into the public dis- 
course. However, the values and assumptions at- 
tached to the concept in public dialogue may 
sometimes create hostility toward the introduc- 
tion of scientific information. Therefore, it is im- 
portant for scientists who want to engage in pub- 
lic discussions of important environmental issues 
to understand the values connoted by public use 
of the ecosystem concept. 

The methaphorical uses discussed thus far have 
dealt with ecosystems as a whole. But metaphors 
can also be used to apply to parts of ecosystem 
models or their outputs. One such metaphor is the 
ecological footprint (Rees 1992), which stimulates 
ecologists to extend the spatial boundaries of urban 
ecosystems to incorporate outlying areas that sup- 
ply resources and process wastes. A similar meta- 
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Table 1. Metaphorical Origins of Four Technical Terms in Ecology 

Competition 1. The act of seeking or endeavoring to gain that for which another is also stnriving; rivalry; strife for 
superiority; as in the competition of two candidates for office. From Latin, competetre, to strive together. 

Evolution 1. The act of unfolding or unrolling; a process of development, formation, or growth. From Latin, evolutio 
(-onis), an unrolling or opening; e-, out, and volvere, to roll. 

Landscape 1. A picture representing a section of natural, inland scenery, as of pasture, woodland, mountains, etc. 
From Dutch, land, land, and schap, ship. 

Succession 1. The act of succeeding or coming after another in order or sequence or to an office, estate, etc. From Old 
French, thence Latin, successio (-onis), a coming into the place of another. 

From Webster's Universal Unabridged Dictionary, 2nd ed. 1983. New York: Dorset & Baker. 

phor is a life support area (Jansson and Jansson 
1994). The metaphor of ecosystem services (Daily 
1997) helps to convert the outputs of ecosystem 
models into socially valuable terms. The metaphor 
of natural capital (Folke and others 1994; Perrings 
1994) recognizes that biological and biologically 
mediated resources are limited within ecosystems. 
All of these metaphors help to engage new re- 
searchers in modeling or investigating ecosystem 
processes and functions, as well as helping the pub- 
lic to understand ecosystem behavior and value 
(Costanza and others 2000). 

FLEXIBILITY OF THE ECOSYSTEM CONCEPT 

The ecosystem concept has proven to be immensely 
flexible and productive (Golley 1993; Jax 1998). 
There are several realms in which its flexibility is 
readily apparent. Within science, the ecosystem has 
supported budgetary approaches (Odum and Odum 
2000), studies of individual processes (Agren and 
Bosatta 1996), and studies of the reciprocal inter- 
actions between disparate organisms and their ef- 
fects in particular sites (Holling 1995). It can be an 
analytic or a synthetic concept (Golley 1993), and it 
can support an impressive variety of kinds of mod- 
els (Ulanowicz 1997). Ecosystem science, starting 
from the basic definition of Tansley (1935), has 
expanded to include many kinds of studies (Likens 
1992; Jones and Lawton 1995; Pickett and others 
1997). 

The concept now supports studies that incor- 
porate humans not only as externally located, 
negative drivers (Odum 1971) but also as integral 
agents that affect and are reciprocally affected by 
the other components of ecosystems (Jansson 
1984; McDonnell and Pickett 1993; Costanza and 
others 2000). Studies of urban ecological systems 
have shown clear evidence of its flexibility (Grove 
and Burch 1997; Pickett and others 2001). More- 
over, it has even proved useful in ambitious at- 

tempts to understand system change and institute 
policies of adaptive management (Holling 1995; 
Westley 1995). 

In addition, the ecosystem concept has promoted 
the synthesis of ideas in ecology. Studies of popu- 
lations, communities, and the various influences 
that structure them have often been pursued inde- 
pendently of each other, as well as independently of 
studies of biogeochemistry. But in recent years, 
studies that integrate aspects of population, com- 
munity, and biogeochemistry have become increas- 
ingly more common (Jones and Lawton 1995). This 
expansion of ecosystem science is entirely consis- 
tent with the scope and breadth of the ideas first 
formulated by Tansley in 1935. 

A PARADIGM FOR ECOLOGICAL CONCEPTS 

As we have shown, the ecosystem concept has 
three dimensions. One is its basic technical defini- 
tion, which is remarkably free of limiting assump- 
tions concerning equilibration, closure, stability and 
persistence, components, and kinds of interaction. 
Second is its need and ability to be specified 
through a variety of kinds of models that articulate 
components, interactions, extent and boundaries, 
fluxes, system structure, and permitted dynamics. 
Finally, its metaphorical use stimulates synthesis 
and integration within the domain of science and 
can also carry a variety of socially significant as- 
sumptions. 

The ecosystem concept is not alone in its mul- 
tidimensionality. It is likely that all important and 
widely significant ecological concepts have these 
same three dimensions-a core definition that is 
neutral in scale and constraint, the capacity and 
need to be specified in different cases through 
various kinds of models, and a metaphoric aspect 
that stimulates both scientists and the public 
(Pickett and others 1994). Competition, succes- 
sion, evolution, and landscape are examples of 
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other concepts that are multidimensional. These 
four examples are especially telling because they 
existed first in their metaphorical and social uses 
(Table 1). When they were applied in science, 
their technical definition and use in models re- 
quired isolation from the metaphorical dimen- 
sion. Therefore, in a mature science, the meta- 
phorical assumptions must be stripped from the 
core definition, while scale, process, content, 
bounds, fluxes, currencies, and dynamics must be 
specified in particular models. The metaphorical 
dimension allows science to be injected into the 
public discourse, but it also introduces the prob- 
lem of "unpacking" the baggage of often contra- 
dictory assumptions and values that are a neces- 
sary part of social and political discourse (Rozzi 
1999). Researchers can make better use of these 
core concepts and terms by first recognizing their 
multidimensional nature. 
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