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Ecology investigates the “distribution and abundance of organisms” and
so the focus has largely been on studying the population dynamics of
individual species. It has proven exceedingly difficult to expand
population-dynamic approaches to entire communities of many species.

This paper summarizes recent advances by the coauthors and others to
promote an alternative path that is based on measurable traits of species
as currencies for understanding their ecological performance. This view is
somewhat heretical, given the historical ascendance of population
biology.

The paper was highlighted in Nature, where it was suggested that after
150 years of Darwinian population-based thinking, the pendulum may
now be swinging back toward the pre-Darwinian functionalist Georges

Leclerc, the Comte de Buffon.

functional traits
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There is considerable debate about whether commu-
nity ecology will ever produce general principles. We
suggest here that this can be achieved but that
community ecology has lost its way by focusing
on pairwise species interactions independent of the
environment. We assert that community ecology
should return to an emphasis on four themes that
are tied together by a two-step process: how the
fundamental niche is governed by functional
traits within the context of abiotic environmental
gradients; and how the interaction between traits
and fundamental niches maps onto the realized niche
in the context of a biotic interaction milieu. We
suggest this approach can create a more quantitative
and predictive science that can more readily address
issues of global change.

Whither community ecology?

Community ecology is the study of a set of species co-
occurring at a given time and place. MacArthur
suggested that the goal of community ecology (as of
all science) is to find general rules [1], whereas Lawton
[2] suggested that ‘community ecology is a mess’ with
respect to this search. Simberloff [3] countered that
general rules cannot be achieved owing to the complex
nature of communities. We disagree with Simberloff’s
view and suggest that there is hope for general rules in
community ecology. Much (but not all, e.g. [4-7]) of
community ecology from the 1960s onwards has
pursued a program based on studying the population
dynamics of pairs of species [8-10] and building this up
into models of communities. This has had some success
in explaining one- or few-species systems, but rarely
in providing general principles about many species
communities [2,3]. In response to this shortcoming, a
variety of fresh approaches to community ecology have
emerged recently [11-13]. We suggest that a focus on
four research themes can clean up the ‘mess’, bringing
general patterns to community ecology.
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Functional traits research program

The four themes that we suggest are traits, environ-
mental gradients, the interaction milieu and perform-
ance currencies. These themes are linked by taking a
more physiological approach, by using concepts that are

Glossary

Community matrix: a square (SXS) matrix describing interactions in a
community with S species. The community matrix, together with a vector of
intrinsic rates of increase (r), specifies the parameters of the generalized (S
species) Lotka-Volterra differential equations, which can be solved for
equilibrium abundances (N).

Distinct preference niche: a model of a niche in which each closely related
species has a performance optimum at a different point along an environmental
gradient (Figure 1c, main text). This model is assumed correct in most of
community ecology, but might be less common than shared preferences.
Fundamental niche: the subset of n-dimensional environmental space of all
possible conditions in which a species can maintain itself in the absence of
competition (Figure 1c,d, main text).

Gradient analysis: the measurement of the abundance of different species
either in the field along an indirect gradient, such as elevation, or in the
laboratory along a direct gradient, such as moisture or pH (Figure 1b, main
text).

Habitat modeling: the development of a regression model (usually nonlinear)
that predicts the abundance (or presence versus absence) of a species given a
set of environmental conditions by estimating model parameters from
observations of abundance versus environment in the field.

Performance currency: a measurable quantity with physical units that enables
the comparison of performance (the capacity of an organism to maintain
biomass over many generations) between species and across environmental
gradients. The appropriate currency should be chosen based on the organisms
and can vary depending on the question (e.g. fundamental versus realized
niche processes), but is usually related to the acquisition and allocation of
energy and nutrients.

F curve (i.e. i p curve): a relation-
ship giving fitness (or a component of fitness) as a function of one (occasionally
several) environmental variables (Figure 1a, main text).
Population dynamics models: a differential or difference equation model of
abundance (N) that models changes in N over time either primarily or
exclusively as a function of N at previous time intervals. It has usually been
assumed that community ecology is best conceptualized as the development of
multispecies population dynamic models.
Realized niche: the subset of n-dimensional environmental space where a
species is present. It is usually assumed that the realized niche is a subset of
(smaller than) the fundamental niche (Figure 1c,d, main text).
Shared preference niche: an alternative to distinct preferences where a set of
species prefer one environment (often warm, moist, nutrient-rich, sheltered
itions). Coexi is achieved by a tradeoff between the ability to tolerate
less desirable conditions and the ability to be competitively dominant
(Figure 1d, main text).
Trait: a well-defined, measurable property of organisms, usually measured at
the individual level and used comparatively across species. A functional trait is
one that strongly influences organismal performance.
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