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Losing a single species from an ecosystem may have large effects on community and
ecosystem properties, but this may depend on characteristics of the species and the
ecosystem. We examined the effect of losing a single species on productivity and
nitrogen retention in experimental grassland communities, concentrating on how
these effects varied with the functional identity of the species lost and the diversity
and composition of the community from which it was lost. In one experiment, we
constructed random plant assemblages that varied in species richness to measure the
effect of diversity alone on productivity and nitrogen retention. In another experi-
ment, we constructed plant assemblages to assess the effects of deleting an individual
plant species from assemblages differing in their functional and species richness and
composition. On average, as species richness declined, productivity decreased but
nitrogen retention was unaffected. However, the magnitude and direction of change
in ecosystem functioning with declining diversity depended on the identity of the
species deleted and the composition of the community from which it was deleted. The
functional identity of a species predicted the type of impact its loss had on
productivity, but not on nitrogen retention. -
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Several recent studies have shown a positive correlation
between plant species richness and ecosystem produc-
tivity, stability, and sustainability (Naeem et al. 1994,
1995, 1996, Tilman and Downing 1994, Tilman 1996,
Tilman et al. 1996). Because all species presumably
have some impact on the ecosystem in which they live,
it is not clear how much of this relationship is caused
by species number per se versus the effects of individual
species. The abundance of a single species may affect
community and ecosystem properties such as the abun-
dance of other species (e.g., Paine 1966, 1974, Power et
al. 1985), nutrient cycling (Vitousek and Walker 1989),
and susceptibility to disturbance (D’Antonio and Vi-
tousek 1992). The magnitude of these impacts, how-
ever, seems to vary enormously among species, from
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those with keystone effects (sensu Paine 1969, Power et
al. 1996) to those whose loss either has a negligible
effect or is compensated for by other species in its
functional group (Walker 1992, 1995, Lawton and
Brown 1993, Frost et al. 1995).

Here we systematically investigate all of the species in
an experimental community to determine individual
species’ impacts on ecosystem processes and how these
impacts are related to species and community charac-
teristics. Using a series of greenhouse grassland plant
communities, we determined the effect of losing a single
species on two ecosystem processes and investigated
how these effects varied with the functional identity of
the species and the diversity and composition of the
community from which it was lost.
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Table 1. Treatments and species in Experiment I.

Treatment Description Speciest Number of
replicates per
combination

A Monocultures of 16 species Pp, Ec, Es, Kp, Sts, Bd, Sn, Scs, Rh, Am, Ane, Le, Ame, 4

Vv, Dp, Lp
B All combinations of 4 species  Pp, Bd, Rh, Lc 4
taken 2 at a time
Species in full treatment
C3 grasses C4 grasses Forbs Legumes

C 4 species and all combinations  Pp Bd Rh Le 5

with one species deleted

D 8 species and all combinations  Pp, Ec, Es Bd Rh Le, Ame, Vv 5

with one species deleted

E 8 species and all combinations Pp Bd, Sn, Ses Rh, Am, Anc Lc 5

with one species deleted .

F 12 species and all combinations Pp, Ec, Es, Kp, Bd, Sn, Scs Rh, Ain, Anc  Lc 5

with one species deleted Sis

G 12 species and all combinations Pp Bd, Sn, Scs  Rh, Am, Anc  Le, Ame, Vo, 5

with one species deleted Dp, Lp

+ Abbreviations for species are as follows: Am = Achillea millefolium, Ame = Amorpha canescens, Anc = Anemone eylindrica,
Bd = Buchloe dactyloides, Dp = Dalea purpurea, Ec= Elymus canadensis, Es= Elvtrigia smithii, Kp = Koeleria pyrimidata,
Lc= Lespedeza capitata, Lp = Lupinus perennis, Pp = Poa pratensis, Rl = Rudbeckia hirta, Scs= Schizachyrium scoparium,
Sn = Sorghastrum nutans, Sts = Stipa spartea, Vv = Vicia villosa. Nomenclature follows Gleason and Cronquist (1991).

Materials and methods
Experimental design

We conducted two experiments, both using assemblages
of plants from a pool of 16 North American grassland
species (Table 1) consisting of four species in each of
four functional groups (C3 grasses, C4 grasses,
legumes, and other forbs). Experiment I assessed the
effects of losing an individual plant species from each
of several alternative assemblages that were designed to
differ in their functional and plant species richness and
composition. This experiment had 7 treatments. Treat-
ment A consisted of monocultures of the 16 species in
these experiments and had 4 replicates for each species.
Treatment B consisted of all pairwise combinations of 4
particular species, with 4 replicates of each unique
combination. The 4 species (Poa pratensis, Buchloe
dactyloides, Lespedeza capitata, and Rudbeckia hirta)
were chosen, one per functional group, by random
draw. These same 4 species also were used for treat-
ments C through G, which consisted of 4-, 8- or
12-species polycultures (the “full” assemblages) and all
possible deletions of one species from each of these full
assemblages (Table 1). There were 2 treatments each at
the 8- and 12-species levels, and these treatments dif-
fered in their species composition. Treatment D’s §
species consisted of a single C4 grass and a single forb

390

plus 3 species each of legumes and C3 grasses, while
treatment E had a single legume, a single C3 grass, and
3 species each of C4 grasses and forbs. The two 12-spe-
cies treatments differed with one having a single legume
species but 3 to 5 species in the other functional groups,
and the other having a single C3 grass species and 3 to
5 species in the other functional groups (Table 1). These
contrasting combinations allowed determination of the
effects of deleting a species from a species-rich versus a
species-poor functional group. For treatments C
through G, there were 5 replicates of each unique
combination of species.

Experiment II assessed the impact of species richness,
independent of community composition, on 2 ecosys-
tem processes. Only the 10 most productive species
from Experiment I (based on their biomass in monocul-
ture) were used. In order of decreasing abundance in
Experiment 1, these were Vicia villosa, Poa pratensis,
Rudbeckia hirta, Lespedeza capitata, Elymus canadensis,
Achillea millefolium, Schizachyrium scoparium, Koeleria
pyrimidata, Sorghastrum nutans, and Lupinus pereniis.
Each of the levels of diversity, from 1 to 9 species, had
10 replicates, but the identity of the species in each
replicate was determined by a separate random draw of
the appropriate number of species from the pool of 10
species. In addition, we planted 20 replicates of all 10
species together and maintained 10 pots of bare soil.
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