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Abstract

Community heterogeneity in tallgrass prairie was analyzed at regional and local levels to assess the effects
of disturbances on community structure at different spatial scales. The sites were part of NASA's First
ISLSCP Field Experiment (FIFE) in Kansas, and were located on grassland treatmentsthat were undisturbed,
and burned-only on Konze Prairie Research Natural Area, and grazed-only and grazed +burned on adjacent
ranch land. Sites in grazed-only or grazed +burned treatments were less similar to each other, on a regional
scale (15 x 15km), than were burned-only or undisturbed sites. Grazing reduced the cover of dominant spe-
cies, making space available for the establishment of immigrants from the region. Each site was different
because of establishment by different species from the large regional species pool. At the local scale (0.1 ha),
the most homogeneous treatments were those that were most heterogeneous at the regional scale. Un-
disturbed treatments at the local scale were the most heterogeneous compared to sites under other treatments.
Therefore, regional responses to disturbances were more variable than local responses, and were not predicta-

ble from within-site analyses.

1. Introduction

The interpretation of patterns in natural communi-
ties is clearly scale dependent because processes
may act differently when viewed from different
spatial or temporal scales (Allen and Starr 1982).
Local scale is defined as within a site or community
and regional scale is between-sites or communities.
Observed patterns may not always be consistent at
different scales. Because the effects of scale may
not always be predictable, an understanding of pat-
tern and process at one hierarchical level may not
provide useful information about pattern and
process at other hierarchical levels (Hengeveld
1987).

Although there are an increasing number of
studies on the effects of disturbance on community
structure, logistic constraints often limit analysis of
disturbance at different spatial scales. However,
several studies have noted that the effects of dis-
turbances on community structure are scale-depen-
dent. For example, high levels of disturbances
decreased diversity at local scales in tropical rocky
intertidal communities, but the resultant local scale
patchiness resulted in long-term increases in diversi-
ty at larger spatial scales (Menge et al. 1985).
McGuinness (1987a,b) reported that the effects of
disturbances in the rocky intertidal were confound-
ed by the particular species present and interactions
of other factorsat different scales, such as substrate
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heterogeneity. Other studies of disturbances have
addressed effects on community heterogeneity.
Community heterogeneity is defined as the dis-
similarity in species composition between samples.
Beatty (1988) noted that mass movement of soil in
grasslands increased local heterogeneity, but soil
movement had little effect on regional heterogenei-
ty. In Arizona, ungrazed, semi-desertgrassland was
more heterogeneous than grazed grasslands (Bock
et al. 1984), however, in Argentina, grazed grass-
lands were more diverse than ungrazed grasslands
at local scales, but less diverse at regional scales
(Facelli et al. 1989). North American mixed-grass
prairie that was burned in the spring or fall was less
heterogeneous at a local scale and more heterogene-
ous at a regional scale than unburned or summer
burned prairie (Biondini et a/. 1989). Therefore,
disturbance effects on community heterogeneity
may vary with the scale of analysis.

In North American grasslands, disturbances oc-
cur over a variety of spatial and temporal scales
(Collinsand Glenn 1988)and different kinds of dis-
turbances often interact to affect community struc-
ture (Collinsand Barber 1985; Collins 1987). Previ-
ous research indicated that tallgrass prairies in Ok-
lahoma were more heterogeneous on small soil
disturbances than on undisturbed sites, but un-
disturbed sites were more heterogeneous than
burned sites (Collins 1989). However, fire had no
effect on heterogeneity between the highly variable
soil disturbances (Collins 1989). Two disturbances
that commonly occur over broad spatial scales in
grasslands are fire and grazing. However, there
have been no studies that have considered the inter-
active effects of fire and grazing in grasslands at
both the local scale (0.1 ha) and regional scale (15
X 15 km).

The purpose of this study was to determine the
effects of fire, grazing, and the two in combination
on heterogeneity within and between communities
in the tallgrass prairie landscape. Using tallgrass
prairie in northeastern Kansas, we tested the
hypothesisthat regional (between-site)heterogenei-
ty would be greater in grazed versus ungrazed sites
and lower on burned versus unburned sites. We also
tested the hypothesis that grazing alters fire effects
suchthat heterogeneity will be highest between sites
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Fig- | . Map of relative positions of sample sites in northeastern
Kansas. Triangles represent undisturbed sites (ungrazed and un-
burned), black circles represent burned sites, and open circles
represent grazed sites.

that are both grazed + burned. Finally, we tested
the hypothesis that regional patterns of hetero-
geneity would be similar to local patterns.

2. Methods
2.1. Field methods

Twenty-eight sites were sampled within a 15 by 15
km area on and to the south and east of Konza
Prairie Research Natural Area, a Long Term Eco-
logical Research Site in the Flint Hills of Kansas
(Fig. 1). This area is within the largest expanse of
unplowed tallgrass prairie remaining in the United
States (Reichman 1987). Tallgrass prairie in this
area is not a successionalcommunity, but is partial-
ly determined by climate, soils, and disturbance
(Axelrod 1985). The siteswere established as part of
the First ISLSCP Field Experiment (FIFE) (Sellers
et al. 1988). Experimental treatments included sites
with different disturbance regimes: 4 sitesgrazed by
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Table . Treatment, slope, aspect (N = north, S = south, E = east, W = west, TOP = crest of hill, BOTTOM = bottom of slope),
elevation, and grazing pressure (O = ungrazed on Konza Prairie, 1 = low grazing pressure with no sign of grazing or trampling, 2 =
medium grazing pressure with chewed ends of leaves but grasses greater than 20 cm tall, and 3 = high grazing pressure with chewed
leaves and grasses less than 20 cm tall) of each site in northeast Kansas.

Treatment Slope (°) Aspect Elevation (m) Grazing
Undisturbed 2 N 415 0
1 TOP 405 0
18 N 415 0
11 NW 410 0
5 E 405 0
Burned 1 TOP 445 0
5 NE 430 0
1 BOTTOM 410 0
3 SwW 385 0
Grazed 1 BOTTOM 385 1
3 NE 390 2
1 TOP 440 3
2 N 350 3
Burned * grazed 4 E 415 1
2 N 445 1
2 N 385 ]
4 SwW 410 1
3 NE 440 3
1 TOP 420 1
18 W 350 3
6 NE 415 3
1 TOP 415 3
1 TOP 420 1
13 SE 420 2
4 NE 365 3
1 TOP 415 3
9 N 400 2
10 S 405 3

cattle, 4 burned sites, 15 sites both grazed and
burned, and 5 undisturbed (not grazed and burned)
sites. All burned sites had been burned in late
March or early April 1987. Sites were placed on a
variety of slopes (1-18°) and aspects in each graz-
ing and burning treatment (Table 1, Sellers et al.
1988)in order to incorporate the variability of abi-
otic factors in each treatment. Ungrazed sites were
confined to Konza Prairie because this was the only
areareleased from cattle grazing in the region. The
logistic constraint of accessibility was also a factor
in site location.

Each site was sampled using 10 permanently lo-
cated 2m?* circular plots arranged inacircleina0.1
ha area. Canopy cover of species was visually esti-
mated in each plot using the Daubenmire (1959)

scale in May, June, August, and November, 1987.
Only species resonsible for greater than 5% live
cover ina quadrat were sampled. Cover class values
were converted to percent cover using class mid-
points for analysis (Abrams and Hulbert 1987).
One site was moved from a shrub dominated slope
in May to a grass dominated upland in June, there-
fore, the May sample from this site was not used in
this study. Therefore, 27 sites were sampled in May
and 28 sites were sampled in June, August, and
November. Tallgrass prairie is a variable communi-
ty but all sites had at least 20% cover of Andropo-
gon gerardii, a common tallgrass species. Over 100
additional species were sampled.

At each site, the grazing pressure in 1987was esti-
mated qualitatively and independent of composi-
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tion (Table 1). Fire intensity was not measured but
may be negatively correlated with grazing pressure
because grazing reduces available fuel. Unfor-
tunately, grazing and burning histories are not
available for all sites, but it is likely that historical-
ly, all sites have experienced different management
practices which include both periodic fire and graz-
ing by cattle. Lack of similar historical landuse is a
problem commonly encountered in field experi-
ments at this spatial scale, and the between site
variability is a real phenomenon in these communi-
ties. Therefore, there may be no true replicates in
broad-scale ecological studies: a situation that
would be consistent with middle number systems as
opposed to statistical systems (Allen and Starr
1982).

2.2. Numerical analyses

2.2.1. Regional heterogeneity
Average cover of each species was determined for
each site at each sampling time. Percent dissimilari-
ty between pairs of sites was used as a measure of
regional heterogeneity (McNaughton 1983; Belsky
1988)and was calculated based on average cover of
all species at each site (Poole 1974). Average per-
cent dissimilarity was calculated for each distur-
bance treatment, and pairwise t-tests were used to
determine if there were significant differences in
regional heterogeneity between treatments.
Regional spatial autocorrelation was assessed us-
ing the Mantel test (Mantel 1967; Sokal 1979;
Schnell et al. 1985). For this test, regional heter-
ogeneity was compared to the physical spatial dis-
tances between sites measured on 7.5’ topographic
maps. This test was used to determine if sites that
were physically close to each other had more similar
composition than sites that were further apart. The
Mantel test is a non-parametric comparison of dis-
tance or dissimilarity matrices to determine if there
is a statistical association between corresponding
elements (Schnell et al. 1985). If a positive associa-
tion occurs between 2 variables (p < 0.05), such as
between heterogeneity and distance, then between-
site heterogeneity is a function of distance. Mantel
tests were done at each sample time in each
treatment.

BOTTOM

Fig. 2. Aspect categories used to determine differences in aspects
of two sites. Eight possible directional slope aspects (N, NE, E,
SE, S, SW, W, NW) were coded with one unit difference be-
tween adjacent aspects and one unit between a slope aspect and
a top or bottom aspect. For example, N and SW were three units
apart, and N and top had a one unit difference. Thetop and bot-
tom aspects were coded as being two units apart.

Mantel’s tests were also used to determine if
differences in slope, aspect (Fig. 2), elevation, or
grazing intensity were consistent with regional het-
erogeneity within a treatment.

2.2.2. Local heterogeneity

Local heterogeneity of plots within a site at each
time was also calculated using percent dissimilarity.
Percent cover of all species was used to calculate
percent dissimilarity between each pair of plots at
a site. These percent dissimilarity values were aver-
aged over all pairs of plots at a site as a measure of
local heterogeneity (Collins 1989). Average local
dissimilarity was averaged over each disturbance
treatment and between treatment comparisons were
made using pair-wise t-tests.
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Fig. 3. Regional percent dissimilarity between tallgrass prairie
sites with different burning and grazing treatments in north-
eastern Kansas. Different letters at the top of bars within a sam-
ple time indicate treatments that were significantly different us-
ing t-tests @ > 0.05).

3. Results
3.1. Regional heterogeneity

Percent dissimilarity between sites was not signifi-
cantly different between treatments in May (Fig. 3).
In June, grazed-only treatments and grazed +burn-
ed treatments were more heterogeneous than other
treatments. By August, heterogeneity was signifi-
cantly greater between sites with grazing compared
to sites that were ungrazed, regardless of burning
treatment. In August and November, heterogeneity
was significantly lower between undisturbed sites
than between sites with other treatments. There-
fore, throughout the year, sites that were un-
disturbed were regionally more similar to each
other than sites that were disturbed, especially by
grazing (Fig. 3).

Sites in undisturbed treatments and burned-only
treatments were all found on Konza Prairie, with
average distances between sites of 1.8 and 3.0 km,
respectively. Grazed-only sites and grazed *burned
sites were spread across the study area with average
distances between sites of 10.8 and 7.3 km, respec-
tively. However, spatial distances between sites and
percent dissimilarity were not significantly associat-
ed using the Mantel test (p > 0.05) at any sampling
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Fig. 4. Local percent dissimilarity between plots within sites in
tallgrass prairie sites with different burning and grazing treat-
ments in northeastern Kansas. Different letters at the top of bars
within a sample time indicate treatments that were significantly
different using t-tests (» > 0.05).

time within any grazing/burning treatment. There-
fore, sites that were close together did not consis-
tently have similar species compositions.

Differences in slope, aspect, elevation, or grazing
pressure were not significantly associated with per-
cent dissimilarity in any treatment at any sample
time when tested using the Mantel statistic (p >
0.05). Therefore, greater variation in these factors
in some treatments could not account for high per-
cent dissimilarity between sites.

3.2. Local heterogeneity

We analyzed local heterogeneity within sites with
different burning and grazing treatments. Un-
disturbed sites and burned-only sites were often the
most heterogeneous, and grazed-only sites and
grazed Thurned sites were often the least heter-
ogeneous (Fig. 4). Only in June were there no sig-
nificant differences between treatments (Fig. 4). In
general, patterns of local heterogeneity were oppo-
site to patterns of regional heterogeneity.
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4. Discussion

Regional responses to disturbance in tallgrass
prairie communities varied with type of distur-
bance. Species composition was more variable be-
tween sites with cattle grazing treatments than be-
tween sites that were undisturbed or sites with
burned-only treatments. The variability imposed by
grazing masked the effects of fire, because sitesthat
were both grazed and burned were very different in
composition while burned-only sites were relatively
homogeneous. Even though grazed-only sites and
grazed Tburned sites were spread across a larger
area and a greater variety of topographic positions
than burned-only and undisturbed sites, these fac-
tors did not explain the increased variability of
grazed-only treatments or grazed *hurned treat-
ments. Distance between sites and differences in
composition were not closely related; sitesthat were
very close together with similar slopes and aspects
often had different species composition.

The observed patterns in regional heterogeneity
may result from community response to distur-
bance. Community response following a distur-
bance depends on both initial conditions (Glenn-
Lewin 1980; Armesto and Pickett 1985) and in-
dividualistic responses of the species (Gibson and
Hulbert 1987). Spatial and temporal factors inter-
acting with successional processes may lead to com-
munities with different species composition. Graz-
ing is a relatively heterogeneous process at regional
scales (Bakker et al. 1984; Senft et al. 1987), and
often results in increased diversity (Peet et al. 1983;
Collins 1987)in tallgrass prairie. Diversity also in-
creased with clipping in a variety of grassland sys-
tems (Bobbink et al. 1987), even though clipping
may not accurately represent grazing (Facelli et al.
1988). Grazing reduces dominance of tall prairie
grasses and releases space for colonization by other
species (Collins 1987). Therefore, species that
colonize a grazed site will vary, depending on the
composition of the surrounding communities that
are the source of immigrants.

Local diversity is a direct function of regional
diversity (Ricklefs 1987). Variability in successful
immigrants from the surrounding region affects
community heterogeneity. At Konza Prairie, im-

migration was highly variable at scales ranging
from 50m? to all of Konza Prairie (Glenn and Col-
lins 1992). As noted by Hengeveld (1988), regional
immigration processes are often consistent with
predictions from stochastic models as opposed to
predictions from deterministic models. Thus, the
interaction between grazing and stochastic patterns
of immigration leads to high heterogeneity at a
regional scale. Therefore, immigration may ac-
count for high regional heterogeneity between sites
that were grazed *burned. Grazing of burned tall-
grass prairie increased species richness compared to
burning alone (Collins and Barber 1985; Collins
1987). Spring burning opens the canopy of
dominant grasses early in the growing season and
may enhance germination of the seed bank (Collins
1987). Grazing following burning then maintains
an open canopy which allows establishment of rarer
species, that would otherwise be competitively ex-
cluded in ungrazed prairies (Collins 1987). High
regional heterogeneity between sites that were
grazed, or grazed Thurned, was consistent with
non-equilibrium concepts of disturbance, where
diversity is enhanced by disturbance if species are
spatially and temporally dynamic (DeAngelis et al.
1985). On Konza Prairie, these dynamics of species
abundance and distribution are rapid (Collins and
Glenn 1990; Glenn and Collins 1990, 1992), with
approximately nine immigrations and nine extinc-
tions of species on each watershed per year (Collins
and Glenn 1991).

Burning alone enhanced the growth of dominant
grasses, such as Andropogon gerardii, and resulted
in similar community composition and reduced het-
erogeneity because of deterministic competitive in-
teractions (Collins 1987, 1992). In tallgrass prairie,
species richness initially increased in the year fol-
lowing a spring fire; however, annual burning
decreased species richness (Collins 1987; Collins
and Gibson 1990) probably as a function of a
smaller seed bank (Abrams 1988)and decreased soil
nutrient availability (Seastedt and Ramundo 1990).
The regional analyses reported here indicated that
burned-only treatments were not significantly more
homogeneous than undisturbed treatments (Fig. 3).

It is interesting to note that the effects of distur-
bance treatments at the local scale were opposite



those found at the regional scale. Plots within
grazed-only sites and grazed +burned sites tended
to be more homogeneous than those within burned-
only sites or undisturbed sites (Fig. 4). Variation in
fire temperatures may account for within-site heter-
ogeneity in burned grasslands (Gibson et a/. 1990).
Interactions between fine-scale disturbances, such
as gopher mounds, and the time of year of burning
may also contribute to increases in heterogeneity
with burning (Collins and Barber 1985, Biondini et
al. 1989). Grazing is considered a patchy phenome-
non (Bakker etal. 1984), that tends to increase com-
munity diversity (Collins and Barber 1985; Collins
1987). However, sites with high grazing pressure
are thoroughly and consistently grazed, which may
mask environmental heterogeneity and produces
grazing lawns that reduce within-site heterogeneity
(McNaughton 1984; Facelli et al. 1989). Therefore,
the entire sample area could fall in one grazing
patch, and local extinction of palatable grasses
would occur over the entire site. Similar mechan-
isms have been shown to account for decreased
diversity at high predation levelsin a rocky interti-
dal community (Menge et al. 1985)and are incorpo-
rated in the intermediate disturbance hypothesis
(Connell 1978). These results are also consistent
with disturbance models in which large distur-
bances result in low probabilities of coexistence
among species with dispersal distances that are
smaller than the disturbance size (Armstrong 1988).

In summary, disturbances in tallgrass prairies ef-
fect community heterogeneity differently at differ-
ent spatial scales. The local and regional scales of
this study reflect patterns seen at the ‘local’ and
‘community’ scales of Collins and Glenn (1990).
Few species were found at all sites at the regional
scale, but many species were found in all plots at a
local scale (Collins and Glenn 1990). Scale-
dependent effects found in this study may have
resulted from interactions between scale-dependent
patterns in both species dispersal and disturbances.
Establishment of immigrants in space made availa-
ble by disturbances is more variable at a regional
scalethan at a local scale. Locally, dispersal is con-
sidered to be a function of distance from the parent
plant, but regionally, dispersal is more variable be-
cause the scale is beyond the influence of the in-
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dividual plant. Burning appears more heterogene-
ous at a local scale and grazing appears more heter-
ogeneous at a regional scale. The regional effects
observed were not predictable from within-site ana-
lyses and vice versa. Perhaps the diverse scale-
variant interactions of disturbance, immigration,
competition and extinction resulted in interference
patterns which enhance the unpredictable nature of
grassland community structure (Hoekstra et al.
1991). This understanding of community structure
will be facilitated by analysis of patterns at a series
of scales of resolution.
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