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Fig. 7.ÑPercentage reproductive biomass (reproductive/total
aboveground biomass) in New Jersey (NJ) and Oklahoma (OK)
high- and low-nutrient populations in the combined light-nutrient
experiment. Symbols denote means. Bars indicate mean! 1 SE.

Fig. 8.ÑDate of ßowering (days after Þrst ßowering in the ex-
periments) in New Jersey (NJ) and Oklahoma (OK) high- and low-
nutrient populations in the combined light-nutrient experiment. Sym-
bols denote means. Bars indicate mean! 1 SE.

treatments (Tables 2, 6). These separate light and nutrient
experiments were more sensitive in producing differences
between treatments than were combination treatments in a
factorial design (Table 8). This result is probably due to the
greater overall variation in the combined light-nutrient ex-
periment, interactive effects between light and nutrients, and
the use of only three genotypes per population.

Oklahoma populations were consistently more plastic than
NJ populations, and differences were also found between
high- and low-nutrient populations in each region (Tables 4,
5, 7, 9). In all cases where signiÞcant differences between
populations in plasticity were found, the region with the
greatest amount of plasticity was OK (Tables 5, 7, 9). Pop-
ulations were more likely to differ in plasticity across re-
gions (by 23 to 1) (Table 4). Half of the signiÞcant differ-
ences in plasticity resulted in a change in the rank order of
the populations, i.e., a crossing of their reaction norms.

The second objective of this study was to determine if life
history traits and plasticity correlate with expectations based
on the populationÕs ecological history (habitat, community
type, and local environmental predictability). Populations
that differed in habitat and site factors did have variable life
history strategies, including differences in trait means and in
plasticity. New Jersey populations ßowered earlier and al-
located more resources to reproduction (Fig. 2Ð5, 7, 8).
These differences can be partially explained using traditional
r-K selection theory and subsequent models (Abrahamson
and Gadgil 1973; Roos and Quinn 1977; Taylor et al. 1990).
New Jersey successional populations could be considered to
be r-selected for earlier ßowering and greater reproductive
allocation, while OK populations were K-selected in allo-
cation strategies (greater vegetative allocation and delayed
reproduction) for superior competitive ability. The popula-
tion (NJ low) with the greatest history of disturbance (fre-
quent Þres of the Pinelands), the lowest nutrient levels (Table
1), and a loamy sand soil of low moisture-holding capacity
consistently showed the greatest percentage allocation to re-

production (Fig. 2, 4, 7) and the earliest ßowering (Fig. 3,
5, 8).

High-nutrient site plants were generally more responsive
to nutrient treatments than low-nutrient site plants; NJ low
displayed less plasticity for total biomass, and OK low dis-
played less plasticity for tiller number (Table 7). Soil nutrient
levels are generally higher in OK than in NJ (Table 1), even
at the low-nutrient location. Elevated nutrients resulted in
the largest differences between the populations in total bio-
mass (Fig. 6). The OK high- and low-nutrient populations
were not signiÞcantly different, but OK populations had
more total biomass than NJ populations (Table 3, Fig. 6).
This was primarily due to the inability of the NJ low pop-
ulation to respond to elevated nutrient levels (Fig. 6). Plants
from unproductive habitats have been predicted to be less
plastic and show allocation to maintenance and defense rath-
er than to growth (Grime 1977; Taylor et al. 1990).

The greater plasticity of OK populations correlates with
an ecological history of greater unpredictability of environ-
mental conditions. Temperature and precipitation are espe-
cially unpredictable factors in OK, which is subject to
droughts and high temperatures. For example, in Canadian
County, OK (location of OK high and low), May has an
average monthly rainfall of 13 cm, but one year in every ten
will have less than 4 cm and one year in every ten will have
rainfall greater than 26 cm (Fisher and Swafford 1976).
While temperatures and rainfall also ßuctuate in NJ, the sea-
sonal pattern is more consistent. Standard deviations for the
Palmer drought severity index range monthly from 2.31 to
2.55 in central OK, but only 1.78 to 1.98 in southern NJ
(Karl et al. 1983a, b). The annual rainfall total in OK is only
68% of that in NJ (1961Ð1990 normals, National Oceanic
and Atmospheric Administration 1993a, b). Temperatures
are hotter and more variable in OK, averaging 4.4"C higher
than NJ on a monthly basis, with mean monthly standard
deviations of 1.8"C as opposed to 1.5"C in NJ (Karl et al.
1983a, b).

This relation of greater plasticity for the OK populations
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subjected to greater unpredictability of environmental con-
ditions corresponds to prior research on 15 populations of
Panicum virgatum L. and 16 populations of Sporobolus
cryptandrus (Torr.) A. Gray (Quinn and Wetherington 2002),
where there was a significant correlation of plastic variation
with an environmental index.

The OK high population was influenced by a history of
competition with a diverse assemblage of tallgrass species
not present at any of the other locations, due to its relatively
high soil nutrient concentrations, loam soil, and late succes-
sional status. This population showed the greatest ability to
maintain its reproductive allocation under low-light condi-
tions (Fig. 2), and the greatest ability to respond to higher
nutrients (Fig. 4, 6, 7). Plant species of high-resource, com-
petitive habitats are often highly plastic in their foraging
responses to environmental conditions, maximizing resource
capture (Grime et al. 1986).

Implications and Significance

A native grass population is more than just a Latin bino-
mial; Antonovics (2003) has even suggested that it ‘‘may be
salutary for ecologists to preface (at least in their thoughts)
any Latin binomial that they use by the qualifier ‘the quasi-
species . . .’.’’ Evolutionary forces frequently create an eco-
logical unit unique and irreplaceable at the local level. Un-
fortunately, ecologists (e.g., Pigliucci 2001) continue to per-
sist in their use of an outmoded ecotype terminology devel-
oped in the 1920s that has no consistent usage and does not
adequately recognize the significant genetic variability
among the genotypes and populations of a species, even
those populations of a locality or specific habitat-type
(Quinn 1987). In our study, the two OK populations should
not be considered an OK ecotype even though they are in
close geographic proximity, as they differ significantly in life
history traits and plasticity. Likewise, our study illustrates
that a low-nutrient ecotype (or high-nutrient ecotype) may
consist of populations profoundly different in life history
traits, morphology, and plasticity. Each population is the
unique end product of its genetic and ecological histories,
and, as such, the population should be the focal unit for the
ecologist and the evolutionary biologist (Quinn 1987).

It follows that seed sources for little bluestem in recla-
mation/restoration should not only be local but site-specific,
e.g., high vs. low fertility, especially if specific goals are the
maintenance of local genetic integrity and/or local adaptation
(Knapp and Rice 1996). Only 21 km separated the high- and
low-nutrient populations in each region in our study, but in
each case there were significant differences in their growth
and plastic responses. Dyer and Rice (1997) suggested care
in transferring germplasm for the purposes of conservation
when little is known about how local selection gradients re-
lated to topography and soil depth might affect small scale
genetic differentiation.
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