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Abstract. We investigated the hypothesis that spatial and temporal differences in ni-
trogen uptake facilitate species’ coexistence in a nitrogen-limited, old-field plant community
at Cedar Creek Natural History Area, Minnesota. Differences among the six most abundant
species were assessed by measuring aboveground uptake of 5N injected at two soil depths
at each of three times during the growing season. .

As described by '*N uptake, species were spatially and, to a greater extent, temporally
differentiated into three groups. Differences in species’ abundance between and within these
groups suggest that spatiotemporal partitioning of nitrogen is a major determinant of
community organization. Dominant species (Schizachyrium scoparium and Poa pratensis)
were well differentiated and the abundances of subordinate species (4rtemisia ludoviciana,
Solidago nemoralis, Ambrosia coronopifolia, and Panicum oligosanthes) were positively
related to the degree of differentiation from dominant species. A discriminant analysis of
the data showed that subordinate species occupy “peripheral” spatiotemporal niches rel-
ative 10 Schizachyrium and Poa. This may promote coexistence by reducing diffuse com-
petition.

These results suggest that spatiotemporal resource partitioning slows the rate of com-
petitive displacement among co-occurring plant species. Other research at Cedar Creek
corroborates that this is an effective mechanism for coexistence on a successional time
scale.
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INTRODUCTION

The importance of resource partitioning, or niche
diversification, in maintaining species diversity in plant
communities has been intensely debated. According to
many of the theories of resource competition, the num-
ber of species in a spatially and temporally homoge-
neous, equilibrium environment cannot exceed the
number of limiting resources (Volierra 1931, Mac-
Arthur and Levins 1964, Stewart and Levin 1973,
Armstrong and McGehee 1980). Plants have nothing
comparable to the “food niche” of animals; on the
global level, the 300 000 terrestrial plant species may
have only 20 different limiting resources (light, water,
CO,, and the same set of mineral nutrients), and field
work indicates that at most three or four resources are
limiting in any plant community (Tilman 1982). On
this basis, many ecologists assert that the ‘“‘niche di-
versification hypothesis™ is not applicable to plant
communities and suggest, instead, that only nonequi-
librium theories can explain the patterns of species
richness observed in plant communities (Grubb 1977,
Connell 1978, Huston 1979).
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Alternatively, spatial and temporal resource parti-
tioning has often been proposed as an equilibrium so-
lution to the paradox of n plant species coexisting on
fewer than n limiting resources. Berendse (1979), for
example, has shown that stable equilibria in homo-
geneous environments are theoretically possible mere-
ly because of differentiation in rooting depths; logically,
the same principle should also apply to temporal dif-
ferentiation in resource use. There is, in fact, abundant
evidence that co-occurring plant species often differ in
rooting depth (Weaver and Darland 1949, Harris 1967,
Parrish and Bazzaz 1976, Yeaton et al. 1977, Berendse
1981), phenology (Gimingham 1978; Rogers and
Westman 1979, Turkington and Harper 1979, Kemp
and Williams 1980), or both depth and time of root
activity (Veresoglou and Fitter 1984, Fitter 1986).
However, these studies have not demonstrated wheth-
er such differences allow co-occurring species to “suf-
ficiently™ subdivide specific limiting resources. Thus,
serious doubts persist over the importance of spatio-
temporal niche differentiation as a mechanism for co-
existence in species-rich plant communities (Aarssen
1983, Fitter 1986).

In this paper, we explore the hypothesis that spatial
and temporal differences in the use of a single limiting
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