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Abstract. Natural ecological communities are continuously buffeted by a varying en-
vironment, often making it difficult to measure the stability of communities using concepts
requiring the existence of an equilibrium point. Instead of an equilibrium point, the equi-
librial state of communities subject to environmental stochasticity is a stationary distri-
bution, which is characterized by means, variances, and other statistical moments. Here,
we derive three properties of stochastic multispecies communities that measure different
characteristics associated with community stability. These properties can be estimated from
multispecies time-series data using first-order multivariate autoregressive (MAR(1)) models.
We demonstrate how to estimate the parameters of MAR(1) models and obtain confidence
intervals for both parameters and the measures of stability. We also address the problem
of estimation when there is observation (measurement) error. To illustrate these methods,
we compare the stability of the planktonic communities in three lakes in which nutrient
loading and planktivorous fish abundance were experimentally manipulated. MAR(1) mod-
els and the statistical methods we present can be used to identify dynamically important
interactions between species and to test hypotheses about stability and other dynamical
properties of naturally varying ecological communities. Thus, they can be used to integrate
theoretical and empirical studies of community dynamics.
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INTRODUCTION

The stability of ecological communities depends on
at least three components of community structure: di-
versity (species richness), species composition, and the
pattern of interactions among species. Much of the cur-
rent scientific discussion of community stability fo-
cuses on diversity, because the relationship between
diversity and community stability is central to argu-
ments for preserving ecological diversity (Ehrlich and
Daily 1993, Schulze and Mooney 1993, Tilman and
Downing 1994, Schläpfer and Schmid 1999). However,
the role of diversity in community stability is intimately
linked to species composition and the pattern of inter-
actions among species (Vitousek 1990, Walker 1992,
Lawton and Brown 1993, Vitousek and Hooper 1993,
Tilman 1996, Hooper and Vitousek 1997, Tilman et al.
1997, Ives et al. 1999b, 2000b). Composition is im-
portant because the presence of particular species with-
in a community could change how the community re-
sponds to particular environmental perturbations (Mc-
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Naughton 1977, 1985, Frank and McNaughton 1991).
For example, a zooplankton species that is particularly
tolerant to low pH could make the total zooplankton
biomass in a community more stable against acidifi-
cation (Frost et al. 1995). The pattern of interactions
among species is important because the responses of
individual species to environmental perturbations de-
pend not only on the direct effect of the perturbation
on their reproduction and mortality rates, but also on
the indirect effects acting through changes in the abun-
dances of other species in the community (May 1974,
Holt 1977, Paine 1980, Pimm 1984, Abrams 1987, Car-
penter et al. 1994b, Ives 1995b, McCann et al. 1998,
Klug et al. 2000). Thus, understanding community sta-
bility requires understanding the combined effects of
diversity, composition, and the patterns of interactions
among species.
Community stability may be measured in many dif-

ferent ways. Most common measures of stability re-
quire systems to have an equilibrium point, or at least
a well defined ‘‘normal’’ state from which deviations
can be measured. Resilience (sensu Pimm 1984) is
measured by the characteristic rate at which the abun-
dances of populations within a community return to
equilibrium following a disturbance. Resistance is a


