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ABSTRACT
Unreplicated ecosystem experiments can be ana-
lyzed by diverse statistical methods. Most of these
methods focus on the null hypothesis that there is
no response of a given ecosystem to a manipulation .
We suggest that it is often more productive to
compare diverse alternative explanations (models)
for the observations. An example is presen ted using
whole-lake experiments. When a single experimen-
tal lake was examined, we could not detect effects of
phosphorus (P) input rate, dissolved organic carbon
(DOC), and grazing on chlorophyll. When three

experimental lakes with contrasting DOC and food
webs were subjected to the same schedule of P input
manipulations, all th ree impacts and their in terac-
tions were measurable. Focus on multiple alternatives
has important implications for design of ecosystem
experiments. If a limited number of experimental eco-
systems are available, it may be more informative to
manipulate each ecosystem differen tly to test alter-
natives, rather than attempt to replicate the experi-
ment.

INTRODUCTION
Ecosystem research uses several approaches, includ-
ing theory, long-term studies, comparative studies,
and experiments (Pace and Groffman 1998). Experi-
ments are unique among these approaches because
they reveal how ecosystems respond to natural or
an thropogenic perturbations. ‘‘To find out what
happens to a system when you in terfere with it, you
have to in terfere with it (not just passively observe
it)’’ (Box 1966). In th is report, ecosystem experi-
ments are deliberate manipulations of whole ecosys-
tems that are large enough to contain the physical,
chemical, and biotic context of processes under
study (Carpenter 1998).
Trade-offs between the size of experimental un its

and replication are debated in ecology. Statistical
test of the null hypothesis (the hypothesis that the
manipulation had no effect) is at the heart of these
discussions (Gotelli and Graves 1996). Our report

attempts to place the null hypothesis in perspective
as only one of many possible uses of statistics. We
summarize recent progress on statistical analysis of
ecosystem experiments, which shows that statistics
are used in diverse ways. Approaches that compare
alternative explanations may be more appropriate
and insigh tfu l than testing the null hypothesis. This
viewpoint suggests that experimental designs should
create contrasts (in time or between ecosystems)
that are likely to discriminate among key alterna-
tives. We provide an example in which multiple
alternative explanations for experimental resu lts
are compared statistically. An importan t insigh t
emerges from the example: if multiple experimental
ecosystems are available, it may be better to manipu-
late them in ways that test alternative models than
replicate them to test the null hypothesis.

SCALING AND INFERENCE
The Compromise: Scale Versus Replication
There is no single optimal scale for ecosystem
experimentation , but for a given scien tific problem
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