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Abstract.—Many natural ecosystems are self-sustaining, maintaining a characteristic mosaic of
vegetation types for hundreds to thousands of years. In this article we present a new framework
for defining the conditions that sustain natural ecosystems and apply these principles to sus-
tainability of managed ecosystems. A sustainable ecosystem is one that, over the normal cycle
of disturbance events, maintains its characteristic diversity of major functional groups, produc-
tivity, and rates of biogeochemical cycling. These traits are determined by a set of four ‘‘interac-
tive controls’’ (climate, soil resource supply, major functional groups of organisms, and distur-
bance regime) that both govern and respond to ecosystem processes. Ecosystems cannot be
sustained unless the interactive controls oscillate within stable bounds. This occurs when nega-
tive feedbacks constrain changes in these controls. For example, negative feedbacks associated
with food availability and predation often constrain changes in the population size of a species.
Linkages among ecosystems in a landscape can contribute to sustainability by creating or ex-
tending the feedback network beyond a single patch. The sustainability of managed systems
can be increased by maintaining interactive controls so that they form negative feedbacks within
ecosystems and by using laws and regulations to create negative feedbacks between ecosystems
and human activities, such as between ocean ecosystems and marine fisheries. Degraded ecosys-
tems can be restored through practices that enhance positive feedbacks to bring the ecosystem
to a state where the interactive controls are commensurate with desired ecosystem characteris-
tics. The possible combinations of interactive controls that govern ecosystem traits are limited
by the environment, constraining the extent to which ecosystems can be managed sustainably
for human purposes.

The increasing human modification of the Earth’s surface requires that we
understand how the productivity and biotic diversity of both natural and managed
ecosystems can be sustained (Lubchenco et al. 1991). Many ecosystems exhibit
long-term changes in response to intense human use, as seen from desertification
of overgrazed lands (Schlesinger et al. 1990), eutrophication of lakes (Schindler
et al. 1990), loss of soil organic matter following agricultural conversion (Paul
and Clark 1989), and loss of salmon fisheries following hydroelectric or forestry
development (Francis 1990). Ecosystem sustainability is of growing concern to
ecologists who study the cumulative global impact of widespread environmental
change and to social scientists attempting to develop policies to sustain the pro-
duction of goods and services for a growing human population (Goodland 1995).
Research on agroforestry and sustainable agriculture is beginning to bridge this
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