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Abstract. A common explanation for the changes in species
abundance following a fire is a shift in competitive ranking.
However, experimental tests have been inconsistent and gen-
erally do not support this explanation. I examined the competi-
tive ability of an abundant C4 grass, Andropogon gerardii, and
a C3 forb, Ratibida pinnata, in a prairie remnant in northern
Ohio, USA, for each of three years following a spring burn in
1996. While the abiotic environment directly influenced both
species similarly, relative competitive abilities in terms of
growth changed markedly: in 1996 Andropogon was less inhib-
ited by neighbors; in 1997 both Andropogon and Ratibida had
similar competitive abilities; and in 1998 Ratibida was less
inhibited by neighbors. This shift in competitive response rank-
ing paralleled the changes in relative abundance for the two
species. In contrast, the effect of neighbors on survival changed
markedly over time but did not differ among the two species.
Thus, fire may influence species abundance through changing
species competitive response ranking, at least in terms of growth.

Keywords: Andropogon gerardi; Climate variation; Fire;
Ratibida pinnata; Species abundance;Tall-grass prairie plant
community.

Nomenclature: Voss (1972, 1985, 1996).

Abbreviations: RGR = Relative growth rate; RR = Response
ratio.

Introduction

Periodic fire is essential for the development and
maintenance of many plant communities (e.g. Collins &
Wallace 1990; Belsky 1992; Noy-Meir 1995; Morgan
1998). Species abundance often changes following fire
(Gibson & Hulbert 1987; Turner et al. 1995; Morgan
1998), and a common explanation for the changes is that
competitive interactions shift (Belsky 1992; Gurevitch
& Collins 1994; Whelen 1995; Vilà & Sardans 1999).
Two types of evidence indirectly support this explana-
tion. First, changes in physiology and growth often

parallel changes in species relative abundance (e.g.
Moreno & Oechel 1992; Turner et al. 1995; Turner &
Knapp 1996). Second, changes in total biomass, pre-
sumably related to overall competitive intensity, are
associated with changes in species relative abundance
following burning (e.g., Old 1969; Gibson & Hulbert
1987; Abrams 1988; Lloret 1998).

Aside from indirect support, however, there are few
direct experimental tests of changes in competitive in-
teractions following fire, and among these, results are
inconsistent. One study (Wilson & Shay 1990) found
that burning did not influence species relative competi-
tive abilities or their relative abundances, consistent
with the competition hypothesis. However, contrary to
expectations, several studies found that burning did not
change relative competitive abilities, although it did
change species relative abundance (Vilà & Terradas
1995; Brewer 1999; Quintana-Ascencio & Menges 2000;
Vilà & Lloret 2000). Also contrary to expectations,
Inchausti (1995) found a shift in relative competitive
rankings, but this did not correspond to the change in
relative abundances. Taken together, this work lends
little support to the general hypothesis that changes in
species relative abundances following burning reflect
changes in competitive interactions.

At least three other factors could explain the changes
in species abundances following fire. First, fire has been
found to enhance plant productivity (Ojima et al. 1994;
Briggs & Knapp 1995), increase microbial activity
(Ojima et al. 1994) and release nutrients (Marion et al.
1991; Turner et al. 1997). Plants that are more abundant
soon after a fire may be more successful under these
changed conditions, irrespective of the influence of
competitive interactions. Alternatively, change in spe-
cies abundance following fire could reflect differences
in species maximal growth rates: slower-growing spe-
cies could simply take a longer time to accumulate
biomass, increasing in relative abundance over time.
Thirdly, post-fire reduction in herbivores or pathogens
may allow susceptible species to escape enemies, and as
enemies recolonize the burned areas, more tolerant plant
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species may become more abundant (Moreno & Oechel
1991; Tyler 1996; Ford & Grace 1998).

In this paper the assumption is tested that changes in
competitive ability are responsible for changes in abun-
dance of two prairie plant species following fire. The
competitive response ability is assessed of juveniles of
two tall-grass prairie species, a C4 grass, Andropogon
gerardii and a C3 forb, Ratibida pinnata, in each of three
years following a spring burn in 1996. In North Ameri-
can tall-grass prairies, C4 grasses, such as Andropogon,
tend to increase in relative abundance immediately fol-
lowing a fire and then decline as forb species, like
Ratibida, become relatively more abundant (Turner et
al. 1995; Gibson & Hulbert 1987). If changes in competi-
tive response ability are responsible for changes in
abundance, then (1) in a recently burned prairie, Andropo-
gon should become less inhibited by neighbors than
Ratibida and (2) as the community recovers from the
burning, Ratibida should become less suppressed by
competition compared to Andropogon.

Predictions were tested using temporal comparisons
over three years following a fire. It is often difficult to
randomize burned and unburned areas without utilizing
unnaturally small burns where fire may not influence
ecosystem dynamics as it would over a larger spatial
scale (Glenn-Lewin et al. 1990; Collins 1992). Instead,
I examined how interactions vary as a function of time at
one location, initiating separate experiments immedi-
ately, one year, and two years following a spring burn.
Because this approach cannot separate the influence of
time since disturbance from climatic variation, I also
examined the effect of climate variability on species
response. In addition, I test the alternative hypotheses
that direct environmental effects and differences in maxi-
mal growth are associated with the changes in relative
abundance of Andropogon and Ratibida following fire.

Material and Methods

This study was performed in a grassland at the
Resthaven Wildlife Area (Ohio Department of Natural
Resources) near Castalia, Ohio, USA. The site is a 100-
acre remnant of the prairie peninsula, part of the eastern-
most extension of tall-grass prairie in North America.
The area was acquired by the state of Ohio in 1942 and
has been managed by burning every 2 - 3 yr since 1972.

Climate information

Climate data (Midwestern Climate Center, Cham-
paign, IL) from the weather station closest to the site
(Sandusky, OH, ca. 20 km northeast from the prairie)
were used to determine how the climate differed among

the three experimental years and from the historical
average (1961 to 1990). Average daily temperature for
each month and total monthly precipitation were ana-
lyzed using one-way ANOVA models with year as a
fixed factor. Days between precipitation events (drought
length) was calculated throughout each growing season.

Abundance and production patterns

To determine whether above-ground biomass pro-
duction followed patterns typically found after burning,
in each year five to eight plots, 50 cm in diameter, were
selected at random, each adjacent to one block of the
competition experiment (see below). At peak biomass,
all above-ground biomass originating within the plot
was clipped and separated into live vegetation and dead
litter. Further the ‘dominant’ grasses (Andropogon
gerardii and Sorghastrum nutans) were sorted from the
rest of the vegetation. The biomass was dried to constant
mass and weighed. In 1996 and 1998 cover of all species
was visually estimated in 0.5 m diameter unmanipulated
plots throughout the study site. A one-way ANOVA
model with year as a fixed factor was used to analyse
vegetation mass and species relative abundance. A
Kruskal-Wallis model was used for litter mass because
it did not satisfy the assumptions of equal variances.

Potential performance and competitive response

To assess the direct effect of the environment and
competitive response ability for each species following
burning, I conducted three separate experiments each
lasting a single growing season. On 26 April 1996, the
prairie was burned. The first experiment was estab-
lished 28 May 1996 and harvested 5 October 1996. A
second experiment, established 30 May 1997 and har-
vested 27 September 1997, and a third experiment,
established 1 June 1998 and harvested 20 September
1998, followed similar protocols. In each year, the ex-
periment had five (in 1996) or eight (in 1997 and 1998)
replicate blocks. Each experiment (i.e. each year) had a
separate block layout, although all blocks for all years
were located in same area of the prairie and interspersed
with no systematic spatial bias. Experimental plots were
0.5 m in diameter with, for the no neighbor treatments, an
additional 0.3 m buffer zone of clipped vegetation around
the edge. Plots were spaced at two-meter intervals.

Neighbors (both vegetation and litter) were either
removed or left intact, and one of the target species was
outplanted in each plot, for a total of four treatment
combinations. Above- and below-ground vegetation was
killed using the systemic herbicide Roundup (Monsanto,
St. Louis, Missouri), and then the above-ground portion
was removed by clipping. The minimal regrowth that
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occurred was weeded weekly. Individuals of Andropogon
gerardii and Ratibida pinnata were grown from seed at
the Matthaei Botanical Gardens (Ann Arbor, MI) for 18
to 22 days prior to transplanting. Seed was collected at
the prairie each Fall. In the 1996 experiment, one indi-
vidual was planted in the center of each experimental
plot. In the 1997 and 1998 experiments, three targets
were planted in the center of the plot, 12 cm apart.
Analysis indicates multiple targets were spaced far
enough apart to not affect each others’ growth (Suding
1999). The initial number of leaves, basal diameter, and
height of the planted targets and other representative
seedlings were measured, and then the other seedlings
were dried to constant mass and weighed. Regressions
of above-ground biomass of these weighed seedlings on
the non-destructive size measures were used to estimate
the initial biomass of the planted targets.

Target individuals were harvested at the end of one
growing season by clipping above-ground biomass. In a
related study, Suding & Goldberg (2001) found that root
allocation of these species was not affected by competitive
environment, indicating that above-ground response should
be an appropriate measure of competition here. All har-
vested targets were dried to a constant mass and weighed.

To assess the direct effect of the environment on
target response across the three years, two measures of
absolute performance in the absence of neighbors were
calculated: relative growth rate (RGR; growth/initial
biomass/day) and (proportional) survival. Then, abso-
lute measures with and without neighbors were com-
pared to quantified relative measures of response com-
petitive ability (Hedges et al. 1999). These natural-log
transformed response ratios (ln RR) were calculated for
each replicate block as follows:

Ln RR RGR= ln (RGR with neighbors present / RGR
with neighbors removed) (1)

Ln RR Survival = ln (( Survival with neighbors present + 1)
/ (Survival with neighbors removed +1)) (2)

Ln RR values are symmetrical around 0, with posi-
tive values indicating facilitation and negative values
indicating competition. Because the survival data con-
tained zeros, one was added to both the numerator and
denominator. Absolute growth rate values, as well as all
response ratios, were natural log transformed to satisfy
the assumptions of normality and homogeneity. I ana-
lyzed absolute growth and survival in the absence of
neighbors, as well as competitive response ratios for
growth and survival, in ANOVA models with target
species (Andropogon and Ratibida) and experimental
year (1996, 1997, and 1998) as fixed factors. Because
blocks only contained treatments for a single year, a
block factor was not included in the analysis. Values
were tested for whether they differed from zero using
Dunnett’s one-sided test. This experiment measures the

competitive response, but not the competitive effect, of
these species. Competitive response is thought to indi-
cate long-term persistence of populations in perennial,
size-structured communities such as this grassland (Wil-
son & Tilman 1995; Goldberg 1996).

Results

Climate variation

Average daily temperatures were similar among the
experimental years except in the month of August (Fig.
1a). The average daily temperature in August was sig-
nificantly lower in 1997 compared to 1996 or 1998 by
more than two degrees. Rainfall also varied among the
years; 1996 was about 35% drier during the summer
months in comparison to 1997 and 1998, which were
almost identical in summer rainfall (Fig. 1b). This dif-
ference was almost entirely due to the lack of rainfall in
August 1996, when the prairie received only 1 cm of
precipitation during the entire month. Three extended
drought periods, with no rainfall for over 10 days,
occurred during the experiment (Fig. 1c). Two of these
droughts, one 12 days long and one 16 days long,
occurred in 1996. The other drought, lasting for 12 days,
occurred in 1998.

Biomass production

Biomass production and litter mass accumulation
significantly differed among experimental years (Fig. 2)
and appear more related to burning than climate. De-
spite the much lower summer rainfall and two of the
three longest droughts, vegetation mass was signifi-
cantly greater in 1996 compared to 1998. This decline is
typical following burning in North American tall-grass
prairie. Also as expected, the relative biomass of the
dominant grasses (Andropogon and Sorghastrum) fol-
lowed a similar pattern, significantly declining from
1996 to 1998 (Fig. 2). Relative cover of Ratibida was
2.2 ± 0.5% (mean ± SE) in 1996 and increased to 4.1 ±
0.7% in 1998, while the relative cover of Andropogon
was 29.5 ± 3.2% in 1996 and decreased to 21.1 ± 2.2%
in 1998. Litter mass showed the opposite pattern, in-
creasing from almost none in 1996 to more than the live
vegetation mass in 1998.

Performance in the absence of neighbors

In contrast to the results for total vegetation mass in
unmanipulated plots, the potential performance of iso-
lated individuals in the absence of interactions was
positively related to precipitation. Relative growth rate
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was slowest for both species in 1996 (Fig. 3a) when
precipitation was much lower than 1997 and 1998.
Species also differed from one another in growth: iso-
lated individuals of Ratibida grew significantly faster
(as much as 18 ¥ faster) than Andropogon in each year
(Fig. 3a). Survivorship significantly differed among

years, but not between species: survival was highest in
1997, the coolest summer, and lowest in 1998, the
warmest summer (Fig. 3a). Thus, time since fire was not
related to performance in the absence of interactions,
inconsistent with the prediction that the direct effect of
environmental changes may drive changes in relative
abundance following fire.

Response competitive ability

Although neighbors generally inhibited the relative
growth of target seedlings (lnRR significantly less
than zero), the magnitude of this effect differed sub-
stantially among experimental year and target species
(significant species ¥ year effect, Fig. 3b). Consistent
with the hypothesis that competitive rankings drive the
pattern of relative abundance following fire, the re-
sponse to neighbors of Andropogon seedlings became
increasingly stronger with time since burning, while
the response to neighbors of Ratibida seedlings dimin-
ished (Fig. 3b). Hence, in terms of relative growth,
Andropogon was least affected by neighbors in 1996,
both were competitively equivalent in 1997, and
Ratibida was least affected by neighbors in 1998. The
pattern of climate variation does not match these pat-
terns, except for a possible effect of drought on the
competitive response in 1996, when Andropogon was
least affected by competition.

Fig. 2. Changes in vegetation and litter mass (left axis, mean ±
1 SE) and the relative abundance of the C4 grasses (Andropogon
and Sorghastrum)(right axis, mean ± 1 S.E.). All three vari-
ables significantly differed among years (P < 0.05); different
letters indicate significant differences (P > 0.05, Tukey multi-
ple comparisons).

Fig. 1a. Average daily temperature (mean ± 1
SE) for each month of the growing season in
1996, 1997 and 1998, and the historical average
(1961-1990). Different letters indicate significant
differences among years for the month of Au-
gust (P < 0.05, Tukey multiple comparisons);
the average daily temperature in June and July
did not differ among years. b. Total precipitation,
by month, for each year and the historical aver-
age (left bar; 1961-1990). c. The frequency of
drought (< 0.1 mm rainfall) duration for the
three experimental years. The three longest
droughts are indicated.
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Compared to the dramatic change in rankings for
RGR, the two targets responded similarly to neighbors
in terms of survival (Fig. 3b). Also in contrast to results
for growth, neighbors generally facilitated rather than
inhibited survival. It appears that the overall facilitative
effect of neighbors increased from 1996 to 1998, al-
though the survival response ratio was only signifi-
cantly facilitative (Ln RR survival different from zero)
in 1998, the warmest of the three years. Hence, the
effect of neighbors on the survival of the two species
was not related to time since burning, inconsistent with
the competition hypothesis.

Discussion

Results support the assumption that competitive inter-
actions in terms of growth change with time since fire
and are correlated with post-fire changes in species
relative abundance. The C4 grass, Andropogon, was less
inhibited by neighbors than the C3 forb species, Ratibida,
in the first growing season after a spring burn. As the
community recovered from the burn Ratibida seedlings
were less inhibited than the Andropogon seedlings by
neighbors and the relative abundance of the C4 grasses
declined. In contrast, competitive response in terms
of survival did not differ among species and interac-
tions became increasingly facilitative over three years
following the burn.

Fig. 3a. Relative growth and survival in the absence of neighbors and b. the effect of neighbors (ln RR) on relative growth and
survival of Andropogon (dark circles) and Ratibida (grey circles) seedlings (mean ± 1 SE). Statistical results are from two-way
ANOVA models with year and species as fixed factors (* = P < 0.05, ** = P < 0.01, *** = P < 0.005; ns = non-significant). Ln RR
values in b. that are near zero (the dashed line) indicate little effect of neighbors, increasingly negative values indicate competitive
effects and increasing positive values indicate facilitative effects. A species is considered a good response competitor if neighbors
inhibit it less than they inhibit other species.
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Both alternative predictions were not supported. First,
the direct effects of abiotic change following fire (mea-
sured by target performance in the absence of neigh-
bors) did not correspond with changes in relative abun-
dances of the two species. Maximal growth rates did not
appear to be responsible either for changes in abundance
following fire. Another alternative, concerning the ef-
fects of other trophic levels of patterns of species abun-
dance, was not tested.

Thus, change in relative abundance of these two
species following fire are most closely related to shifts
in species growth competitive response ranking, lend-
ing support for the common explanation why species
relative abundances change due to fire. However, this
relationship is potentially influenced by life history stage,
climate variation, and species choice. Variation in these
other factors, as well as the characteristics of the burns
themselves, may explain why other studies have not
found such a strong relationship between competitive
response rankings and relative abundance following fire.

Fire and competitive rankings

Abundance patterns were correlated with the effect
of neighbors on the growth, but not on the survival, of
the two species. Other studies have also found that
survival and growth responses are not correlated (e.g.
De Steven 1991; Gill & Marks 1991; Burton & Bazzaz
1995; Goldberg et al. 1999; Suding & Goldberg 2001),
although it is unclear which parameter more closely
controls the population consequences of these inter-
actions. Short-term competitive responses to disturbance
may be dominated by the growth rates of individuals
while responses of survival to competition may influence
community structure over a longer time period. For in-
stance, the presence of neighbors facilitated the survival
of Andropogon minimally, but consistently, more than
Ratibida. These slight differences in the survival re-
sponse to neighbors may explain why Andropogon was
always more abundant than Ratibida at the study site.

Although these results broadly support the compe-
tition hypothesis, this conclusion assumes that fire af-
fects the competitive abilities of seedlings and adults
similarly. Increased competitive response rankings of a
species at the seedling life history stage could not imme-
diately translate into increased abundance of that spe-
cies in the adult community unless adult competitive
ability was affected similarly. The conditions under
which competitive ability is correlated among life his-
tory stages are unclear (Grime 1979; Goldberg 1996;
Howard & Goldberg 2001), and it is also unclear how
competitive effect ability is related with competitive
response ability in adult vegetation (Goldberg & Landa
1991; Keddy et al. 1994).

Differing effects of fire and climate

Climate variation appeared to affect seedling perfor-
mance in the absence of neighbors, while burning more
strongly influenced adult vegetation as well as seedling
competitive responses to neighboring vegetation. These
differences may be attributable to the degree to which
climate and neighbors affect resources. Adult plants that
are deeply rooted, and seedlings that are buffered by
shading by adults, may not respond as strongly to short-
term changes in water availability compared to distur-
bance-induced changes in soil nutrient and light avail-
ability. In contrast, shallow-rooted seedlings without
neighbor shade may respond more strongly to changes
in climatic variables such as air temperature or water
availability.

Although this hypothesis is potentially quite general,
it is difficult to evaluate. The few relevant data concern
climate and fire effects on total adult productivity and
are only partially consistent. Dhillion & Anderson (1994)
compared the effects of burning in two drought years
(50 % less precipitation) with two non-drought years
and found that burning had a greater impact on produc-
tivity than did drought, consistent with the idea that the
benefits of release of nutrients and light due to burning
outweigh the negative impacts of low water availability.
In contrast, Gibson & Hulbert (1987) found that
Andropogon cover was not affected by burning regime
but rather only by year-to-year climatic variation, and a
model developed by Seastedt et al. (1994) identified
photosynthetic pathway and precipitation, but not burn-
ing regime, as the most important variables affecting
plant production.

Conclusion

Although changes in plant species competitive abil-
ity following fire have often been assumed to be respon-
sible for changes in relative abundances of species fol-
lowing fire, this study presents experimental evidence
to support this assumption. However, fire events vary
widely and further experiments are needed to deter-
mine which types of burn will most likely shift species
competitive rankings. Suding & Goldberg (2001) found
that abiotic changes associated with soil mound distur-
bance (specifically decreased compaction and lower soil
moisture), rather than changes in neighborhood charac-
teristics such as biomass and neighbor identity, were
responsible for shifts in competitive rankings. Likewise,
burns that strongly influence soil characteristics may be
more likely to change species competitive rankings than
burns that predominately affect vegetation structure.
Identifying the relationships among specific types of
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post-disturbance changes and competitive dynamics may
help explain why experimental work examining changes
in species competitive rankings due to fire has obtained
inconsistent results.
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