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TABLE 2 Factors influencing drought resistance

Partial
correlation
Variable coefficient P
Field A intercept -0.39 <0.0001
Field B intercept =30 <0.0001
Field C intercept —-0.20 0.003
In (SR1ag9) 0.18 0.009
SRes -0.18 0.012
Biomass of Schizachyrium (1989) -0.16 0.027
SReca -0.14 0.042

Partial correlations of each listed variable with deviation from pre-
drought biomass, holding other listed variables constant. These seven
variables were retained in multiple regression analysis of 1992 devia-
tion from pre-drought biomass against the same candidate variables
used in Table 1, but using 1989 values. Backwards elimination, with
residual analysis, was used to retain only significant (P < 0.05) variables.
The overall regression had F=14.0, n=2086, R?=0.33, P<0.0001.
SRcs is the number of C3 species and SRe. is the number of C4 species
in plots in 1989. The significantly positive slope for In (SRysgs) and the
significantly negative intercepts for fields A, B and C indicate that
species-poor plots in these fields have not yet attained pre-drought
biomass, whereas more species-rich plots have. Field D, a native grass-
land, recovered most rapidly, followed by field C, then B, then A, in
order of successional age.

natural logarithm of 1989 species richness. These indicate that
species-poor plots were still further from their pre-drought
biomass than were species-rich plots in each of the four post-
drought years.

By 1992, species-rich plots had returned to pre-drought
biomass, but the most depauperate plots still had significantly
less biomass than their pre-drought average (Fig. 2). When
potentially confounding variables were controlled for, there was
a significant partial correlation between drought recovery and
the natural logarithm of 1989 species richness (rpaniai=0.184,
P <0.01, n=207). Moreover, when all redundant, nonsignificant
variables were removed, species richness was retained, and its
partial correlation was highly significant (Table 2). Thus,
species-poor plots were both more greatly harmed by drought
(Fig. 1 and Table 1) and took longer to return to pre-drought
conditions (Fig. 2 and Table 2). The stand of native prairie was
significantly more resilient than the three successional grasslands
(Table 2).

Our results and earlier studies support the diversity—
stability hypothesis®’, and show that ecosystem functioning is
sensitive to biodiversity. Our results do not support the species-
redundancy hypothesis because we always found a significant
effect of biodiversity on drought resistance and recovery even
when we controlled statistically for the abundances of C3 (often
drought sensitive) and C4 (often drought resistant) plant func-
tional groups (Table 1).

Our results show that ecosystem resistance to drought is an
increasing but nonlinear function of species richness. This is
expected from the mechanism underlying the diversity-stability
hypothesis. Functional diversity should be a saturating function
of species richness because, in species-rich ecosystems, additional
species are more likely to be similar to existing species’’. Thus,
the progressive loss of species should have progressively greater
impacts on ecosystem stability.

In addition to drought, grassland ecosystems experience peri-
odic invasions of insect or mammalian herbivores, unusually late
or early frosts, unusually wet or cool years, hail, fire, and other
perturbations. Because different species are likely to perform
best for particular combinations of these disturbances, the long-
term stability of primary production in these and other'”
grasslands should depend on their biodiversity. Although we
do not know how the stability of other ecosystems depends on
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biodiversity, these results lend further urgency to pleas for the
conservation of biodiversity. O
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