
Carpenter, S.R., T.M. Frost, A.R. Ives, J.F. Kitchell and T.K. 
Kratz. 1994. Complexity, cascades and compensation in ecosystems. 
pp. 197-207 in Yasuno, M. and M.M. Watanabe (eds.). Biodiversity: 
Its Canplexity and Role. Global Environmental Fomn, Tokyo, Japan. 

COMPLEXITY, CASCADES, AND COMPENSATION IN 
ECOSYSTEMS 

Stephen R. Carpenter1,2,Thomas M. Frost2, Anthony R. Ives3,James F. Kichell2 , 

and Timothy K. Kratz2 

2Center for Limnology, University of Wisconsin, Madison, WI 53760 U.S.A. 
3Department of Zoology, University of Wisconsin, Madison, WI 53760 U.S.A. 

ABSTRACT 
Some, but not all, population dynamics feed back to alter ecosystem 

processes. Thus species interactions have important implications for the 

nature and predictability of ecosystem responses to environmental change, 

pollutions, and exploitation. Ecological predictions will always be 

probabilistic, and are now possible for only a few potential stressors in a few 

of Earth's ecosystems. This paper shows how large-scale experiments can 

improve the predictability of responses to ecosystem stress. We also argue 

that such experiments must be combined with long-term and comparative 

studies to prevent the need to study each new stressor and each ecosystem as 

if they were unique. 

INTRODUCTION 
The natural intellectual links between population and ecosystem ecology are 

receiving renewed attention by ecologists, after many years of relative neglect (Kareiva et 

al. 1993; Jones and Lawton 1994). Organisms live in ecosystem, and are affected by the 

physical structure, chemical environment, resource base, and risks of exploitation found 

in ecosystems. Organisms and their activities structure habitat physically, alter 

biogeochemical processes, and constitute the productivity of ecosystems. Applied 

ecology addresses issues of both species (such as species that are endangered or valued 

as resources) and ecosystem processes or services (such as erosion control, 

productivity). In the U.S., species are the focus of many management and conservation 

efforts but appreciation is growing for the need to conserve entire ecosystems and include 

ecosystem services in decision making process(Franklin 1993; Orians 1993). 

Many of the differences between population and ecosystem ecology arc purcl y 

academic, and become irrelevant when ecologist are faced with applied questions (Jones 

and Lawton 1994). Other differences are substantive. One difference that may reflect how 

nature operates (rather than ecologists' preferences) is the frequency of linear versus 
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