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Introduction

The ecosystem concept has been a powerful tool in ecology, as it allows the
use of the quantitative and rigorous laws of conservation of mass and
energy in the analysis of entire ecological systems. These laws require delim-
iting an ecosystem by specifying its boundaries; however, we know that
these boundaries are porous and that all ecosystems are open systems
that exchange matter, energy, information, and organisms with their sur-
roundings. This openness means that ecosystems defined as spatially sepa-
rate are in fact interconnected parts of a larger landscape. Once we begin to
ask about the source of the inputs or the fate of the outputs, we need to con-
sider the ecosystem in its landscape context.

The role of landscape context in ecosystem functioning has historically
received rather short shrift, and we believe the subject is ripe for synthesis
and conceptual progress. Consequently, the goal of this book is to focus the
attention of the ecosystem science research community on how interactions
among ecosystems affect the functioning of individual ecosystems and the
larger landscape in which they reside. This subject is becoming increasingly
important as ecosystem scientists are being asked to provide information on
environmental problems at local, regional, and global scales—a task that
cannot be accomplished by examining ecosystems in isolation. Fundamen-
tally, the problem of scaling up from individual ecosystems to larger spatial
scales depends on how we conceptualize heterogeneity in a landscape com-
posed of multiple, potentially interacting ecosystems.

This book is an outgrowth of the Tenth Cary Conference, held April
29-May 1,2003, in Millbrook, New York. As with all Cary Conferences, this
conference focused on a difficult conceptual and practical problem in
ecosystem science and brought together leading thinkers and practitioners
to offer different perspectives and try to advance understanding of the issue.
This book brings the same approach to print. It reflects the challenges and
problems identified by the participants in the conference as well as different
perspectives on solutions to those problems, both conceptual and practical.
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Although ecosystem ecology has focused on ecosystem function, particu-
larly the flows of mass and energy, the spatial structure of landscapes has
largely been the province of landscape ecology. Historically, landscape ecolo-
gists have tended to focus on the quantification of landscape structure, often
to understand its influence on animal movement, population persistence, or
disturbance dynamics. It is only recently that landscape ecologists have begun
to consider other ecosystem processes such as mass and energy transfer. Thus,
in some ways, this book is a bridge between ecosystem and landscape ecology,
encompassing both the landscape ecologists’ knowledge of spatial structure
and the ecosystem ecologists’ knowledge of system function. In this book, we
take a broad view of the term landscape, with no particular spatial scale
implied, and we include heterogeneous aquatic as well as terrestrial systems.

We embarked on this project knowing full well that the existence of spatial
heterogeneity would not be a startling revelation to ecologists. Heterogeneity
is everywhere, and most ecosystem ecologists deal with it on a daily basis in
designing their experiments and analyzing their data. Sometimes, ecologists
use heterogeneity as a tool, such as when we contrast riffles and pools in a
stream or forests on different soil types. Other times, we see spatial hetero-
geneity as noise obscuring the pattern we wish to observe. Accounting for spa-
tial heterogeneity in ecosystem processes costs us dearly in time, money, and
statistical agony. The goal of this book is to move beyond the quantification and
description of heterogeneity to understand when it matters to ecosystem func-
tion and when it does not. When can we ignore it, when should we deal with it,
and, if we need to deal with it, what are the best conceptual tools for doing so?

Concepts and Definitions

A few key concepts recur throughout the book and require some introduction.
First, many of the chapters refer to a scheme for organizing different
approaches to spatial heterogeneity proposed by Shugart (1998). Shugart dis-
cussed modeling approaches for terrestrial ecosystems, which he classified as
“homogeneous,” meaning no spatial heterogeneity is represented; “mosaic,”
meaning that spatial heterogeneity is present in that different spatial units in
the model have different characteristics, but there is no interchange between
the units; and “interactive,” meaning that spatial units are distinct and exchange
mass, energy, organisms, or information with one another (Figure 1.1). We
found this a useful way to categorize general conceptual approaches to het-
erogeneity, and this terminology appears repeatedly in the book, beginning
with Chapter 2 by Turner and Chapin. Our goal was to understand the circum-
stances under which each of these approaches is appropriate.

A second concept that occurs throughout the book is that of compositional
versus configurational heterogeneity. Compositional heterogeneity refers to
the number, type, and abundance of spatial units in the landscape, whereas
configurational heterogeneity refers to the spatial arrangement of those units.



