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The concept of the ecological community is examined from the perspective of its
criteria and domain. The multiple definitions and uses of this concept indicate a
variety of scales and approaches. In this paper, a core definition of the minimal
criteria and domain is proposed. Using those criteria, a model of the ecological
community is developed based on a focal individual and its interactions with other
individuals. In order to increase the scale of the domain of this approach, additional
criteria are required. This model is used to explore characteristics of the minimum
domain and larger scales of the community concept. The structure that emerges
emphasizes context dependency and the potential for indeterminacy for most types of
interactions. A prominent historical argument, the nature of boundaries between
communities, has no relevance in this model.
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Among the concepts ecologists use, one of the most
problematic is the community concept. The ecological
community is defined vaguely and the upper and lower
boundaries of its domain are unclear. Current ecological
textbooks indicate the uncertain boundaries of this
concept, usually offering only general definitions, for
example, “an interactive assemblage of species occurring
together” (Putman 1994), “an assemblage of species
populations that occur together” (Begon et al. 1996), or
“a collection of species found in a particular place”
(Morin 1999). These definitions express co-occurrence
and interaction, but offer no further development. Exam-
ining how ecologists use the concept indicates a diversity
of approaches. These multiple uses imply that several
concepts are merged together, or that the concept has
several dimensions that need to be made explicit. In this
paper, I propose minimal criteria for this concept. These
criteria suggest a simple model that I develop at the finest
scale possible to illustrate assumptions and characteris-
tics that may vary with expectations. My purpose is to
explore minimal limits to the domain of the concept as
a step in understanding its dimensionality and structure.
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Problems with the community concept evolve from a
history of different uses describing local assemblages.
One approach assumes distinct ‘natural types’ of com-
munities, designated by the differences in composition
and abundance of their members. These ecological
communities are thought bounded in space and time
and characterized by an assemblage of persistent spe-
cies (reviewed by Mclntosh 1985, Underwood 1986,
Schrader-Frechette and McCoy 1993, Morin 1999).
While many assume communities exist as natural types,
extreme versions of this perspective viewed communi-
ties as analogous to organisms (Clements 1916, 1936,
Phillips 1931, 1935). Even when we admit that commu-
nities fail to persist at some time scales (Davis 1981),
the assumption of persistent dominant species at
shorter temporal scales also supports the notion of
relatively unchanging natural communities. Belief in
distinct communities can result in extreme and rather
peculiar approaches to determining their boundaries
(Looijen and van Andel 1999).

A historically distinct usage considers the ‘commu-
nity’ as interacting individuals and the community is
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considered structured by biotic interactions. Whether
the community is a ‘unit’ or not matters little because
research is focused on interactions structuring composi-
tion and abundance among a focused subset of species.
The community is treated only as the context of the
study, although results from the study are often ex-
tended to the structure or dynamics of the whole com-
munity. This represents the classic experimental
approach that has been successful in revealing connec-
tions between particular processes and aspects of com-
munity organization such as competition or disturbance
(Connell 1961, Brown and Davidson 1977, Harper
1977, Sousa 1979, Pickett and White 1985, Brown
1998).

Recent research has also expanded the scale at which
interactions may influence community structure and
dynamics. The larger context involves temporal, spatial
and interactive dimensions (McNaughton 1983, Walker
and Chapin 1987, Pickett et al. 1989, Abrams 1992,
Wooton 1994, Menge 1995, Parker and Pickett 1998,
Sinclair et al. 2000). Contextual processes influence how
particular species may or may not persist in patches
and how their interactions with other species may be
modified. Source-sink dynamics, for example, predicts
populations sometimes are found in habitats in which
they cannot persist (Lidicker 1975, Pulliam 1988, 2000),
and regionally these sink habitats may be critical for
the persistence of some species (Holt 1997b, Frouz and
Kindlmann 2001). The extension of metapopulation
models to multiple, interacting species shows the poten-
tial for context in the dynamics of populations (Nee et
al. 1997) including indirect interactions among species
that do not coexist in the same patches (Holt 1997a).

Such dynamics indicates the domain of the commu-
nity concept requires a number of spatial and temporal
scales (Brand and Parker 1995, Brown 1995, Lawton
1999, Gaston and Blackburn 1999, 2000), in contrast to
classical views of communities as locally adapted, rela-
tively persistent assemblages bounded in time and
space. The ambiguity of the community concept has
not constrained any of these developments, but because
of the increasing importance of ‘communities’ in con-
servation, I feel the criteria we use for the concept
deserves review at this point. For this paper, I develop
a general model of the ecological community using
interactions linking individuals. Rather than using pop-
ulations as the smallest unit, I start by examining the
community of a single individual (Parker 2001). This
approach focuses on interactions, yet differs in charac-
teristics and emphasis from the traditional focus on
populations. Generally, no spatial and temporal
boundaries are apparent, and an emphasis on context
dependency emerges. My objectives are to further de-
velop this model and examine some of its implications
for the community concept.
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The core concept of the ecological
community

The core concept of ecological communities is that
ecological organization and function result from indi-
viduals of different species interacting with one another.
No other conceptual recipe defining a community seems
to exist other than a collection of individuals from
more than one species population (Schrader-Frechette
and McCoy 1993) and interactions dependably occur
among these individuals (Putman 1994). Interactions
are diverse and include one dimensional interactions
like herbivory by a leaf miner to those that are more
complex, such as a hummingbird pollinating a plant
while also dispersing mites, or a frugivore dispersing a
host plant’s seed while simultaneously bringing mistle-
toe seed onto the host. Interactions among diverse
individuals creating ecological organization or structure
is the one consistent characteristic of communities
throughout the world, even though some ecologists
may deliberately reject interactions as a defining crite-
rion for communities (Looijen and van Andel 1999)
because of the diversity, frequency and ubiquity of
interactions.

Several conceptual models exist that propose an ex-
plicit topology for communities. One that is consistent
with the general definition of communities being struc-
tured by interactions among individuals of different
species is that proposed by Pickett et al. (1989). In their
Minimum Interactive Structure (MIS) model, larger
ecological entities (e.g. a guild) result from interactions
or other processes linking together smaller ecological
entities (e.g. species populations). A special case of this
model, for example, would be a food web (Cohen 1989,
Martinez 1991) in which entities would be defined as
species populations and linkages as trophic interactions.

If the minimal structure of a community is defined by
interactions among entities (the MIS of Pickett et al.
1989), what remains is to define both entities and
interactions. The most inclusive definition of the eco-
logical community, therefore, would be all individuals
and all interactions. While this definition is consistent
with a conceptual definition of the ecological commu-
nity, clearly its domain (the biosphere) exceeds our
traditional understanding of a community, as well as
having too many individuals and linkages to make
sense of at that scale of definition. We can, however,
explore a variety of definitions for these two terms and
examine the characteristics of the community that
results.

The community of a single individual

The smallest ecological entity I want to consider is an
individual organism. If interactions among individuals
from different species represent the core concept of the
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ecological community, then the lower limit of the do-
main of this concept would be the community associ-
ated with a single focal individual. Although the
concept of an ecological individual may also have am-
biguities (is a lichen and its algal symbiont the individ-
uval or are they separate?), for the purposes of
discussion in this paper, individuals will be considered
broadly. Earlier I have suggested the community of a
single, focal individual as part of an exploration of the
community concept (Parker 2001). To construct this
model, the entities are defined as individual organisms
and linkages are defined as all biotic interactions. No
constraints are placed on the interactions because re-
search now suggests that any possible interaction can
be significant for community structure or dynamics.

For a single individual, its community would incor-
porate conspecifics with which it is involved in repro-
ductive activity, and other individuals of its own and
other species with which it interacts. These would in-
clude individuals with which it competes, individuals
with which it has symbioses, or individuals that might
consume all or part of it. In other words, the immediate
community of this individual is all the other individuals
with which it interacts (Fig. 1). This type of web is
inclusive of all direct ecological interactions among
organisms that have been found to influence the perfor-
mance, abundance or distribution of species. Conceptu-
ally, an individual-focused web can be constructed
including all interactions. This inclusiveness and com-
pleteness has other implications that will be discussed
later.

Individuals that exhibit considerable differences in
size, location, or mode of nutrition among life history
stages may experience substantially different stage-
relative ‘communities’ during development. This would
be particularly true for many invertebrates with com-
plete metamorphosis between stages, or large plants in
which the processes acting on seeds or seedlings may

Conspecifics

Mutualists Consumers

ocal
dividual

Symbionts Competitors

Pathogens

Fig. 1. This illustrates conceptually the community of an
individual. Circles represent individuals and lines connecting
individuals represent interactions. The community of a focal
individual emerges from all the interactions it has with other
individual organisms. This would include the conspecific mates
of the focal individual, as well as its competitors, mutualists,
parasites and others with which it interacts. This figure is
modified from Parker (2001).
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differ radically from those interacting with adults.
Therefore, each individual potentially has a continu-
ously changing set of individuals with which it interacts
at different time periods. Organisms that substantially
change size may also increase in the number of individ-
uals with which they simultaneously interact. For a
focal individual, therefore, communities are represented
by a dynamic turnover of individuals with which it
interacts that may represent various and changing spe-
cies populations. This characteristic certainly does not
seem familiar to the research questions generally asked
of communities.

The net impact or direction of any particular interac-
tion is context specific. There are two aspects of con-
text; one of these is the influence of varying abiotic
conditions. In other words, changes in physical environ-
mental factors can shift the net outcome of biological
interactions; for example, competitive dominance may
switch from one individual to another (Christie and
Detling 1982, Austin 1990). This provides the basis for
explanations of changes in community structure along
spatial or temporal environmental gradients (Austin
and Austin 1980, Tilman 1982, 1988, Pennings and
Callaway 1992). Performance of individuals based on
environmental conditions can be incorporated in the
links of this model altering individual performance as a
variable influencing frequency, magnitude or direction
of interactions.

The second contextual influence is that each individ-
ual interacting with the focal individual is itself a focal
individual. The universe of other interactions with
which it is involved influences the performance of any
individual. Because this can be extended to linkages
further and further away from our focal individual, the
model also illustrates the frustration ecologists some-
times experience when trying to make reliable predic-
tions. While influences on a focal individual clearly will
weaken with the number of linkages involved, the role
of context is explicit when individuals are involved in
loops of interactions, for example when competitors
share predators. Others have emphasized the contextual
role of indirect interactions, for example, apparent
competition, apparent mutualism, and other indirect
interaction concepts (Levine 1976, Holt 1977, Menge
1995).

The intricate web of interactions, direct or indirect,
current or historic, that constructs the biotic environ-
ment of an individual represents the minimal domain of
the concept of an ecological community (Parker 2001,
2002). Linkages represent a diversity of interactions.
The type of link; its frequency, intensity or magnitude;
its extent; and its biotic and abiotic context determines
the net impact of any particular link. These are con-
cepts developed in a number of disparate field and
theoretical studies but rarely brought together (see
Pickett et al. 1987 for a framework for plant succes-
sion). Modeling all the individuals of any community
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and their interactions may not be practical currently,
but this model conceptually is instructive because of
some of its implications that I will consider later.

Scaling up an individual-based model to a
spatial extent

Increasing the scale of a focal-individual model requires
adding one or more criteria. For example, ecologists
focusing on sessile species tend to examine a commu-
nity as a spatial extent and if focusing on mobile species
tend to examine appropriate spatial patches. The model
can be retained as an individual-based model but de-
scribed for a spatial extent; however, the number of
individuals and their interactions increase rapidly with
increasing area. The community now appears as a
complex web or network with some richly connected
nodes (usually species that are the principal sources of
energy) and with other nodes less well connected (Fig.
2). Such a structure is reminiscent of figures produced
by scale free random models in graph theory (Strogatz
2001).

Several characteristics of spatial models remain con-
sistent with the focal-individual model, including the
lack of clear boundaries and the influence of mobile
species. Individuals along any of the spatial boundaries
have interaction links to individuals outside the
boundaries, for example, a boundary between shrub

Fig. 2. A hypothetical illustration of interactions among indi-
viduals at a location. Because of the number of individuals
and linkages possible, the purpose of this figure is to illustrate
a few conceptual ideas. For any spatial area, a topology of
interactions among individuals indicates a complex network.
Some individuals interconnect more richly than others, due to
their size, longevity, mobility, or resource interactions. Link-
ages to individuals outside the area are not shown.
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and forest communities. With respect to interactions,
boundaries generally are arbitrary. Unless a physical
discontinuity is present at a site that prevents potential
interactions, individuals will compete for resources at
the boundary area (Dunne and Parker 1999, Royce and
Barbour 2001) or share mutualists in common (Horton
et al. 1999). Also, many of the individuals involved in
interactions are mobile, and may or may not be present
at any sampling period. For any particular set of
individuals or species within a defined spatial extent,
including all their interactions with other individuals or
populations additionally means including those that
may not be currently present in the area. Mobile species
interact in different ways and at different frequencies
with sessile species, for example, as food for filtering
species like barnacles, or as herbivores or dispersal
agents for terrestrial plants.

Including mobile species, however, requires decisions
about temporal extent. If a spatial area is analyzed for
too brief a period, then many critical mobile species
may not be included, reducing reliability of models or
predictability. For example, analyzing any community
only for a single time period may miss the impact of
seasonal or migrating individuals, such as sampling a
grassland community once may miss the impact of
grazers on the system, resulting in a naive view of the
community (McNaughton 1983, 1985). Temporal varia-
tion in the net impact of mobile species is itself a
dimension to which other species may demonstrate
differential responses (Gaston and Blackburn 2000).
This suggests that for any specified spatial extent, a
further criterion will be needed to specify a temporal
extent, with the recognition that any boundary may be
inadequate. As an extreme example, current North
American terrestrial communities lack most of the
megafauna that were characteristic influences only a
few thousand years ago; our understanding of these
communities rarely considers any residual influences
they may have on contemporary structure or dynamics.

Changing the definition of the entities

So far the entities of the community model have been
individuals. Communities, however, generally are de-
scribed as composed of species populations, even
though this structure contains some disparities or ambi-
guities (Allen and Hoekstra 1992, Schrader-Frechette
and McCoy 1993, Looijen and van Andel 1999). This
organization derives from the traditionally assumed
natural hierarchy in which communities are composed
of populations of species (Begon et al. 1996) and are
nested into larger ecosystems or landscapes.

Replacing individuals with species populations for
the entities of the model changes a number of features.
On the one hand it would provide a structure more
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typical of research and textbook perspectives. Redefin-
ing the entities to populations requires spatial-temporal
criteria similar to the spatial model to define where and
when to look for these collective entities, with the
additional criterion of summarizing individuals into
conspecific populations. Scaling up an individual-based
model to a population-based model and to include all
populations within a specific area changes the nature of
the entities and linkages while leaving other aspects
similar. Linkages now become probabilistic because, for
any population, not all individuals necessarily will in-
teract with any individual from another population to
which they are linked. The diversity of linkages depends
on the spatial extent of populations. Further, because
entities are represented by populations, strength of
interaction, frequency and other process characteristics
are influenced directly by the sizes of interacting popu-
lations, their age or size class distributions, and whether
they are mobile or not. A community model using
populations would now require additional, familiar
characteristics like relative abundances, spatial com-
partmentalization, or diversity, to be predictable. At the
same time, regardless of specified spatial or temporal
boundaries, interactions cross those boundaries and so
they remain arbitrary to some extent.

Using populations also creates several ambiguities in
conceptual models of communities. One is the disparity
between any defined spatial or temporal extent of a
community and that of ‘component’ populations. This
is an issue that has been considered at length by others
so I will only mention it briefly (Looijen and van Andel
1999). Spatially, populations that are found together
may have very different ranges. Three different circum-
stances may result in any spatial-temporal designation.
One is that an extensive or mobile population of a
species may encompass more than one presumed com-
munity. For other species, the ‘population’ may be
equivalent to the sum of all individuals for many spe-
cies. Finally, for small individuals or patchily dis-
tributed species, the same spatial-temporal extent may
summarize together multiple, distinct populations of
the same species that may be experiencing substantially
different biotic or abiotic interactions. Thus, any claim
for a spatial-temporal extent for a community will
likely encompass three different types of populations, a
subset of a larger population, realistic populations, and
combinations of multiple populations of the same
species.

More critically, interactions both structurally and
functionally link individuals together but using popula-
tions in some cases may increase the ambiguity of
interpreting functional characteristics of communities.
Populations are convenient to use because they are
recognizable groups of individuals with similar ecologi-
cal functions. For any particular ecological function or
process, however, individuals from different species
may perform similarly. Thus, when focusing on one
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ecological function, some other type of ‘entity’ may be
more appropriate. The functional combination called
‘trophic species’ is one example that, although contro-
versial to some, performs better in food web analyses
than do separate populations (Martinez 1991, Dunne et
al. 2002a, b, Williams et al. 2002). When functional
groups are used rather than species populations, ques-
tions about the role of diversity and community func-
tion are better resolved (McCann 2000, Kinzig et al.
2002). This results from individuals from different spe-
cies behaving similarly for a particular function. A
different combination of individuals and species might
be necessary for another ecological function (Collins
and Benning 1996). Consequently, different configura-
tions of species populations may produce similar eco-
logical results, and the same pool of species can yield a
variety of relatively stable communities (Drake 1991).

These varieties of combinations suggest that the con-
cept of ecological community can have a variety of
structures depending on the questions being asked.
Because communities or ecosystems are structures in
which a number of different individuals from different
species functionally operate together, defining entities
from a functional perspective when pursuing particular
research questions makes more sense.

Temporal and spatial scales of a community

Community members participate from different tempo-
ral and spatial scales. This results in considerable varia-
tion in frequency, intensity or magnitude of
interactions. Definitions, however, tend to constrain
communities to a limited extent of their temporal or
spatial potential (Brand and Parker 1995, Parker 2001,
2002). The multidimensionality of biotic as well as
physical processes indicates that dynamics are continu-
ous temporally and spatially (Brand and Parker 1995).
Thus, patterns and their underlying processes can be
observed on a variety of temporal or spatial scales
(Ricklefs 1987, Holt 1993, 1997a, Brown 1995, Lawton
1999, Gaston and Blackburn 1999, 2000). Boundaries
or other patterns reflect a particular temporal and
spatial scale and a particular set of organisms. Biotic
discontinuities often arise at some scale only if commu-
nity membership is highly restricted (usually only to
sessile stages of species) and patterns are summarized
for populations.

Developing a model of a community based on inter-
actions among its members reveals that the temporal or
spatial extent of any community is essentially un-
bounded. For the community of a focal individual, the
temporal scale is set by the lifetime of that individual.
This is the only organizational level at which a clear
boundary of any type actually exists for the community
concept. At the scale of an individual’s community,
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clear spatial boundaries do not exist. Scaling up to a
spatial extent or to populations indicates that clear
temporal or spatial boundaries similarly are not inher-
ent characteristics of ecological communities. Further,
variation in lifespan prevents clear temporal boundaries
in most circumstances. From one time period to an-
other, spatial extent can change as the range of the
mobile individuals shift. The significance of the spatial
unboundedness is incorporated in a variety of ecologi-
cal concepts, such as the conservation-oriented concept
of corridors or in landscape connectivity. Temporal
unboundedness is illustrated by the influence of histori-
cal events such that any particular contemporary com-
munity may be contingent on past events that have left
no obvious evidence (Wu and Loucks 1995, Parker and
Pickett 1998).

Conclusions

The core concept of interactions among individuals of
different species is proposed as a basis for defining
ecological communities. Linking individuals together by
the diversity of possible interactions creates a complex
web or network model of the ecological community.
This model becomes the context for considering other,
narrower models. The community of a single, focal
individual uses the fewest criteria establishing the mini-
mal domain of this core concept. Interactions with
other individuals vary in frequency, duration and mag-
nitude. Because these individuals also interact with
additional individuals, linkages of interactions among
individuals can influence the dynamics of other individ-
uals indirectly. This pattern of interaction indicates a
context dependency of the net impact of interactions.
Because the scale of the size, lifespan, spatial range or
impact of any individual can vary considerably, the
dynamics of interactions within communities are vari-
able and continuous temporally and spatially. The infl-
uence of any particular interaction generally should
attenuate with the number of links between that inter-
action and a focal individual.

Redefining entities (e.g. as populations) result in
changes to strengths or frequencies of interactions as
well as changing them to probabilities for any individ-
ual in particular. Limiting the diversity of interactions
(e.g. restricting definition to trophic interactions) nar-
rows the focus of the model and may shift structural
aspects of the community web. In either case, consider-
ation must be given to the objectives of the research
context when redefining either entities or interactions.
For example, populations may not be the appropriate
entities for exploring functional aspects of communities
in the context of specific types of interactions (e.g.
trophic species instead of species populations for food
web research).
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Web or network models have other implications con-
cerning the structure and dynamics of communities. If
focal individual communities can be conceived as the
simplest organizational component of multispecies sys-
tems, one focal individual’s ‘community’ may share
nonetheless a considerable number of members with
another individual’s community. Because of this, focal
individual communities are not completely distinct
from each other and thus cannot construct distinct
larger organizational components. From a basis of
interactions among individuals, therefore, communities
are difficult to structure into nested hierarchies without
limiting the dimensionality of the system. Much of the
predictive difficulty sometimes experienced in applied
or experimental circumstances may arise from the con-
tingent nature of the historical web of interactions that
tie individuals together. Functional interpretations of
communities require a different organizational under-
standing from other perspectives. Approaching commu-
nities as complex networks is challenging, because
communities illustrate all the characteristics that com-
plicate analysis; structural complexity, network evolu-
tion, connection diversity, dynamical complexity, node
diversity and metacomplications (Strogatz 2001).
Nonetheless, understanding the collective dynamics of
ecological communities, especially functional dynamics,
may require inquiry into the impact of network topol-
ogy and dynamics.
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