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Abstract

Grazed and ungrazed sites subjected to different fire frequen-
cies were sampled on the Konza Prairie Research Natural Area
in northeast Kansas after 4 years of bison grazing (1987-1991).
The objective was to study effects of bison grazing on plant
species compesition and diversity components (plant species rich-
ness, equitability, and spatial heterogeneity) in sites of contrast-
ing fire frequency. Cover and frequency of cool-season
graminoids (e.g. Poa pratensis L., Agropyron smithii Rydb., Carex
spp.) and some forbs (e.g. Aster ericoides [A. Gray] Howell, and
Oxalis stricta L.) were consistently higher in sites grazed by bison
than in ungrazed exclosures, whereas the dominant warm-season
grasses (Andropogon gerardii Vitman, Sorghastrum nutans [L.]
Nash, Panicum virgatum L., Schizachyrium scoparium [Michx.]
Nash) and other forbs (e.g. Solidago missouriensis Nutt.)
decreased in response to bison. Plant species diversity (H') and
spatial heterogeneity in all areas sampled were significantly
increased by bison. Increased heterogeneity and mean species
richness in grazed prairie (40 species per sample site) compared
to ungrazed prairie (29 species per site) were likely a result of
greater microsite diversity generated by bison, whereas preferen-
tial grazing of the dominant grasses and concomitant increases in
subordinate species resulted in an increase in equitability of
species abundances. Species/area relationships indicated greater
effects of bison on plant species richness with increasing sample
area. Increases in plant diversity components associated with
bison grazing were generally greater in annually burned than in
4-year burned sites. Effects of ungulate grazers on floristic diver-
sity have important implications given recent evidence that plant
species diversity and the compesitional and production stability
of grassland plant communities are positively related.
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In North America tallgrass prairie, large ungulate grazers and
periodic fire historically have had major roles in shaping plant
community structure and the evolution of its component species
(Axelrod 1985, Dyksterhuis 1958, Risser et al. 1981, Weaver
1968). Although effects of fire and cattle grazing have been
examined (Collins 1987, Collins and Wallace 1990, Gibson and
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Hulbert 1987, Herbal and Anderson 1959, Kucera 1956), the
influence of native grazers on tallgrass prairie plant community
structure has not been studied. Furthermore, few studies on
responses to grazers have examined the multiple taxonomic, spa-
tial, and structural components of grassland biodiversity. Recent
evidence suggests that biodiversity components strongly influ-
ence structural and functional attributes of grassland ecosystems
(Archer and Smeins 1991, Tilman and Downing 1994, Frank and
McNaughton 1991), yet the factors affecting these different com-
ponents of biodiversity in rangelands remain poorly understood
(West 1993).

Both selective and non-selective grazing or soil disturbance
associated with grazer activity can potentially increase or
decrease plant species diversity (Huntly 1991). Theoretical mod-
els (e.g., Milchunas et al. 1988) predict greater plant species
diversity under moderate grazing than under ungrazed conditions
in sub-humid grasslands. Furthermore, grazers may interact with
other processes operating at different spatial and temporal scales,
such as fire, drought, or other species interactions (Coppock and
Detling 1986, Grime et al. 1987), resulting in scale-dependent
effects. For example, fire-induced spatial and temporal variation
in vegetation composition may determine both the pattern of
grazing (Coppock and Detling 1986, Vinton et al. 1993) and plant
species responses following defoliation (Collins 1987, Pfeiffer
and Hartnett 1995).

The objective of this study was to assess the effects of bison
grazing on the composition and biodiversity (plant species rich-
ness, equitability, and spatial heterogeneity) of tallgrass prairie
plant communities in sites of contrasting prescribed fire regimes
and topographical positions. Based on theoretical predictions for
sub-humid grasslands and greater annual use of recently burned
as compared to unburned tallgrass prairie by bison (Vinton et al.
1993), we hypothesized that floristic diversity would be greater
under moderate bison grazing than in ungrazed prairie and that
this enhancement in floristic diversity would be greater in annual-
ly burned than in less frequently burned prairie.

Materials and Methods

The study was conducted on the Konza Prairie Research
Natural Area, a 3,487 ha tallgrass prairie in the northern Flint
Hills region of northeastern Kansas (39°05'N, 96°35'W). Average
monthly temperature ranges from a January low of -2.7° C to a
July high of 26.6° C. Average annual total precipitation is 835
mm with 75% falling during the growing season (Bark 1987).

413

T



The Flint Hills region encompasses over 1.6 million ha extending
throughout much of eastern Kansas from near the Kansas-
Nebraska border south into northeastern Oklahoma, and contains
the largest remaining areas of unplowed tallgrass prairie in North
America.

The vegetation of Konza Prairie is dominated by warm-season
perennial grasses, i.e., big bluestem (Andropogon gerardii Vit.),
indiangrass (Sorghastrum nutans [L]. Nash), little bluestem
(Schizachyrium scoparium [Michx.] Nash—Andropogon scopar-
ius Michx.), switchgrass (Panicum virgatum L.), with numerous
subdominant C3 and C, grasses, composites, legumes, and other
forbs (Kuchler 1967, Freeman and Hulbert 1985). A few woody
species such as leadplant (Amorpha canescens Pursh), buckbrush
(Symphoricarpos orbiculatus Moench.), New Jersey tea
(Ceanothus herbaceous Raf.), and smooth sumac (Rhus glabra
L.) are locally common. The vascular flora of Konza includes
over 500 species representing over 60 families (Freeman and
Hulbert 1985). The residual soils are Chase silt loams and silty
clay loams derived from Permian limestones, shales, and cherty
limestones (Clayey-skeletal, montmorillonitic, mesic, Udic
Arguistolls, and Fine mixed, mesic, Pachic Arguistolls).
American bison (Bison bison) were the dominant large native
herbivore in this region until European settlers established cattle
grazing as the primary land use in the latter half of the nineteenth
century.

Fifty bison were stocked in a 469-ha portion of Konza Prairie
in 1987 at 9 ha AU™.. The stocking rate gradually increased to 5
ha AU by 1992 through natural herd growth. The area grazed by
bison was expanded to include an additional 480 ha in May 1992.
The animals are free to move among 10 watersheds (avg. size =
100 ha) that are subjected to prescribed burning in April at 1-yr,
2-year, 4-year, or 20-year intervals. Before 1987, the watersheds
had not been grazed since the late 1960’s and had been subjected
to their prescribed burning intervals since the mid-1970’s. Before
the bison re-introduction in 1987, 8 permanent 5 m X 5 m exclo-
sures were erected at different sites within each of the grazed
watersheds. The exclosures were randomly located but stratified
between upland (shallow Florence cherty silt loam) and lowland
(Tully silt clay loam) topographical positions.

For this study, we sampled grazed and ungrazed vegetation at 6
exclosure sites in an annually burned watershed and 6 sites in a
watershed burmed at 4-year intervals. The sites were sampled 3
times during the 1991 growing season (early June, mid-July, and
late September), the fourth year following stocking with bison.
Thus, our sampling assessed the cumulative effects of 4 years of
absence or presence of bison grazing. Sampling at 3 times
throughout the season was necessary because the plant species
vary in their growth and flowering phenology and a single sam-
pling would introduce significant bias in abundance estimates
against those species not growing actively during the sampling
period.

At each of the 6 replicate sites, vegetation was sampled within
the 5 m X 5 m permanent exclosure and along a nearby randomly
placed transect within the surrounding grazed vegetation. Four 1-
m? quadrats were located within each exclosure and along each
nearby transect. Within each quadrat, the cover and frequency of
each plant species was estimated using a modified point-frame
method (Cook and Stubbendieck 1986). A 10-pin frame was
placed systematically at 4 locations (each 25 cm apart) within
each 1 m® quadrat (4 frames = 40 pins per m® quadrat). From the
pin-contact data, the relative cover (total number of pin-contacts
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made by individuals of species x/total number of pin-contacts of
all species) was calculated for each plant species, and the maxi-
mum species cover value attained among the 3 sample dates was
retained for analyses. Canopy cover reflects effects of current
herbivory on each species in the plant community. Species fre-
quency is much less sensitive to year-to-year climatic variability
and current grazing, and thus is a better integrated measure of
changes in species composition over time. Thus, frequency (per-
centage of 10-pin-frames in which species x was encountered)
was estimated for each plant species in addition to its cover and
both were used in the analyses. Both the stratified random place-
ment of exclosures and pre-treatment vegetation sampling within
each site conducted in 1986 (Konza LTER program data set
PVCO02, unpublished) confirmed no initial differences in vegeta-
tion composition between exclosures and nearby grazed transects
within each watershed.

The 6 sites were the experimental sampling units in this study.
The experimental design included 6 replicate grazed transects and
ungrazed exclosures within each large watershed, but no replica-
tion of the annually burned or 4-year burned watersheds. At each
site, the sampling (number of pin frames and their spacing) was
the same for each exclosure and its adjacent grazed area. Some
species occurred at only upland or only lowland topographical
positions within each watershed. Thus, differences in the abun-
dance of each plant species between grazed and ungrazed sites
were analyzed via a separate one-way ANOVA for each topo-
graphical position within each watershed.

Plant species richness (S = number of species encountered per
unit area) and evenness or equitability of species’ relative abun-
dances (E = H'/InS) were calculated for grazed and ungrazed sites
in each watershed. Species diversity, which includes both rich-
nesss and evenness components, was calculated for grazed and
ungrazed sites using the Shannon index (H' = — Xp;*Inp;), where
p; = relative frequency [or cover] of species i (Magurran 1988).
Spatial diversity (heterogeneity) of the plant community was cal-
culated for each grazed and ungrazed site following the method
of Collins (1992) as the mean % dissimilarity in species composi-
tion for all pairwise comparisons of 1 m* quadrats at each sam-
pling site within each watershed. Percent dissimilarity was
defined as 1 - Czeckanowski’s similarity index [23, min (xij,
X/ Z(xj5 = X)), where x;; and x; are the frequencies of species i
in quadrats j and k respectively (Collins, 1992). Rank transforma-
tions of these diversity components were analyzed using
ANOVA (Conover and Iiman 1981), with grazing as the main fac-
tor and topographic position as a blocking factor. Statistical dif-
ferences in S, E, H' and heterogeneity between grazed sites (n =
6) and exclosures (n = 6) within each watershed were further
assessed with a Mann-Whitney U-test (Sokal and Rohlf, 1981).

Results

Differential plant species responses to bison grazing were
clearly evident at all sample sites (Fig. 1). Several species were
more frequent on grazed transects, some showed higher frequen-
cy in ungrazed exclosures, some showed no response, and others
varied in their responses between topographical positions and fire
regimes (Fig. 1, Tables 1 and 2). Among the dominant rhizoma-
tous grasses, the frequency of big bluestem did not differ among
treatments, whereas the frequencies of indiangrass and switch-
grass were greater in ungrazed then grazed sites (Fig. 1). The
cover of big bluestem, indiangrass, switchgrass, and rough
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Fig. 1, Mean frequency (%) of plant species in grazed and ungrazed sites in upland and lowland topographical positions in annually burned
and 4-year burned prairie. Each data point represents a species. 0 = C3 annual grass. B = C3 perennial grass. O = C4 annual grass. ® = Cy
perennial grass. A = annual forb. A perennial forb. + = shrub. Selected species numbered on the figure include: 1 = big bluestem
(Andropogon gerardii), 2 = switchgrass (Panicum virgatum), 3 =Indiangrass (Sorghastrum nutans), 4 = whorled milkweed (Asclepias verticil-
lata), 5 = prairie goldenred (Solidago missouriensis), 6 = white aster (Aster ericoides), 7 = sedges (Carex spp.), 8 = white sage (Artemisia
ludoviciana), 9 = Kentucky bluegrass (Poa pratensis), 10 = leadplant (Amorpha canescens), 11 = sideoats grama (Bouteloua curtipendula), 12
= western ragweed (Ambrosia psilostachya), 13 = little bluestem (Schizachyrium scoparium), 14 = rough dropseed (Sporobolus asper), 15 =
western wheatgrass (Agropyron smithii), 16 = Scribner’s dichanthelium (Dickanthelium oligosanthes var. scribneranium). 17 = yellow wood

sorrel (Oxalis stricta).

dropseed (Sporobolus asper [Michx.] Kunth) decreased consis-
tently in response to bison grazing (Tables 1 and 2). However, in
the annually burned watershed this negative effect of bison on the
cover of tallgrass species was greater in upland sites for most
species (Table 1), whereas in the 4-year burned watershed effects
of bison were greater in the lowland sites for most species (Table
2). The bunchgrass little bluestem showed a significant response
to bison only in the 4-year burned lowland sites where its cover
and frequency were greater in grazed sites (Table 2, Fig. 1). The
mid-grass sideoats grama and the cool season graminoids
Kentucky bluegrass and western wheatgrass, increased in cover
and frequency in response to bison, and more significantly in the
4-year burned watershed than in the annually burned watershed
(Tables 1 and 2, Fig. 1). Forb species that showed increased
cover in response to bison included leadplant, white aster (Aster
ericoides L.), western ragweed (Ambrosia psilostachya DC.), yel-
low wood sorrel (Oxalis stricta L.), fringeleaf ruellia (Ruellia
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humilis Nutt.), and prairie ground cherry (Physalis pumila Nutt,).
Leadplant, white aster, and yellow wood sorrel also showed
greater frequency in grazed sites than in ungrazed sites (Fig. 1).
For many of these forbs, the magnitude and statistical signifi-
cance of the increase in cover in grazed areas differed between
the 2 fire regimes (Tables 1 and 2). The only forb that decreased
in cover and frequency in response to bison was prairie goldenrod
(Solidago missouriensis Nutt.) on upland prairie sites (Table 1,
Fig. 1). Canada goldenrod (Solidago canadensis L.) showed a
similar trend in lowland sites but its abundance was too variable
to detect an effect of bison grazing. Responses of several other
grass and forb species to grazing were significant, but their pat-
terns differed depending upon topographic position.

The analysis of variance of each of the plant diversity components
(S, E, H') revealed a significant main effect of grazing (p <0.05) and
a significant grazing X topography interaction (p <0.05). Thus, the
means for diversity components in grazed versus ungrazed sites are
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Table 1. Canopy cover (mean + 1SE) of plant species on upland tallgrass prairie sites. Probability values shown are for comparison of grazed versus

ungrazed quadrats.

Species Annually Burned 4-Year Burn

Grazed Ungrazed Prob. Grazed Ungrazed Prob.

---------- (%)---------- S T L LYY () EE TP

big bluestem 34.5+3.9 55.1+4.5 0.01 37717 47.9+3.5 0.02
Indiangrass 3.7£12 13.4+4.9 0.09 4.1+1.0 59+14 n
rough dropseed 153227 6.4+1.0 0.01 8.7+1.1 8.1+13 ns
little bluestem 3.7£1.0 2407 ns' 3.6:0.4 421038 ns
side oats grama 1.6+0.9 0.6+0.2 ns 3.5+0.9 0.9+0.3 0.03
Kentucky bluegrass 1.2:0.7 0.240.1 ns 7.9+1.8 6.7x£1.7 ns
Scribner’s dicanthelium 3.5+04 2.8+0.8 ns 3.240.5 2.6+0.5 ns
sedges 7514 49+1.6 ns 2.5+0.8 1.0£0.2 0.1
leadplant 6.0+2.1 1.310.6 0.06 0.8+0.2 0.8+0.4 ns
white aster 118423 49+23 0.05 9.0+15 10.842.5 ns
western ragweed 0.6£0.2 0.8+0.2 ns 7.5+13 4.7:0.6 0.05
yellow wood sorrel 0.9:0.8 0.08+0.03 ns 1.740.6 0.2+0.1 0.04
Pitcher’s sage 2.3+1.6 0.7+0.6 ns 2.3z1.1 0.4+0.2 ns
prairie ground cherry 0.04+0.03 1.04+0.04 0.05 0.320.3 0.0£0.0 ns
westem ironweed 1104 0.8£0.5 ns 0.07+0.04 0.0+0.0 ns
plantains 0.04+0.04 0.0£0.0 ns 0.04+0.04 0.0£0.0 ns
prairie goldenrod 04104 0.6£0.3 ns 0.0110.1 0.7£0.2 0.05
fringeleaf ruellia 0.7+0.3 0.02+0.01 0.05 0.1210.1 0.07+0.06 ns
buckbrush 0.1x0.1 0.0£0.0 ns 0.060.03 0.0£0.0 ns

"ns = not significant at the p < 0.1 level.

reported for lowland and upland topographical positions separately
(Table 3). In both the annually burned and 4-year burn watersheds,
mean plant species diversity (H) was consistently higher (p < 0.05)
in grazed areas relative to nearby exclosures. Mean plant species
richness also was higher (p < 0.05) for grazed sites (38 species per
transect) than for ungrazed areas (28 species per exclosure). The
increase in species richness associated with bison was generally
greater in the annually bumned watershed, and greatest in the low-
land sites (54% increase), The smallest increase in floristic diversity
due to bison grazing occurred in the upland sampling sites in the 4-
year burn watershed (19% increase). The evenness of species abun-
dances was greater (p <0.05) in grazed relative to ungrazed prairie
in all except lowland sites in the annually burned watershed (Table
3). These differences in species richness, evenness, and H' between

grazed and ungrazed sites are evident in the species,relative abun-
dance distributions (Fig. 2). In all sites, the relative abundance dis-
tributions indicated strong dominance by a few species (with big
bluestem the most dominant in all sites) and a significant number of
rare and sub-dominant species. In all sites studied, the abundance-
rank curves indicate reduced abundance of the dominant species
(greater evenness) and increased species richness in grazed prairie
compared to ungrazed areas, but the general shape of the distribu-
tions did not vary visually (Fig. 2).

Spatial diversity (community heterogeneity) was significantly
greater in grazed sites of both the annually burned and 4-year
burned watershed than in ungrazed sites, with the exception that
there was no significant effect of bison on heterogeneity in the
lowland sites in the 4-year burn watershed (Table 3). The highest

Table 2. Canopy cover (mean + ISE) of plant species on lowland tallgrass prairie sites, Probability values shown are for comparison of grazed versus

ungrazed quadrats.

Species Annually Bumned 4-Year Burn

Grazed Ungrazed Prob. Grazed Ungrazed Prob.

---------- %)---------- R et ¢/ EEEE P

big bluestem 22.5+34 23.5+4.2 ns! 33.1£2.1 59.1+£7.9 0.01
indiangrass 15.4+7.3 9.7+2.1 ns 0.34+1.7 2.9+1.1 0.05
little bluestem 2.2¢1.0 2.110.7 ns 21474 0.5£0.2 0.05
sideoats grama 15.624.1 10.113.7 ns 0.840.3 0.1+0.1 0.04
switchgrass 8.412.7 31.5+5.2 0.01 1.3x1.3 9.7£3.7 0.05
Kentucky bluegrass 0.34+0.23 0.03+0.03 ns 14.913.1 5.8£1.9 0.02
western wheatgrass 0.1110.11 0.0+0.0 ns 0.61+0.21 0.0:0.0 0.02
sedges 1.7£1.0 0.3:0.1 0.1 24104 0.5+0.2 0.01
western ragweed 2.8+14 1.840.5 ns 9.1+2.1 2.8+0.7 0.02
white aster 3.3x1.0 0.06+0.04 0.01 16.4+1.9 3.7+1.0 0.01
violet wood sorrel 0.15+0.10 0.03+0.03 0.01 0.04+0.04 0.0z£0.0 ns
prairie ground cherry 1.5:04 0.5+0.3 0.05 0.1940.15 0.17+0.10 ns
fringeleaf ruellia 0.55+0.35 0.0£0.0 0.1 0.28+0.16 0.2210.10 ns
prairie wild rose 0.7£0.3 0.0+0.0 0.05 0.310.2 0.0+0.0 0.1

Yns = not significant at the p < 0.1 level.
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Fig. 2. Rank-abundance diagrams for plant communities in annually burned and 4-year burned tallgrass prairie. Open symbols = grazed by

bison. Closed symbols = ungrazed sites.

community heterogeneity (0.82) occurred in the grazed sites of
the annually burned watershed, whereas the minimum hetero-
geneity (0.40) was measured in ungrazed lowland sites in the 4-
year burn watershed.

Increased species richness associated with bison grazing was
greater with increasing sample area (Fig. 3). A similar pattern in
species-area relationships was evident in the annually burned and
4-year burn watersheds; however, the effects of bison on cumula-
tive species richness at larger spatial scales were generally greater
in the annually burned watershed (Fig. 3).

Discussion

Consistent differential plant species responses to bison grazing
occurred in both the annually burned and 4-year burn prairie, The
dominant perennial tallgrasses were reduced in abundance in the
grazed sites, whereas several of the shorter-statured subordinate
grasses, sedges, and some forbs showed greater relative abun-
dance in grazed sites. The changes in species abundances
observed here in response to bison were consistent with “increas-
er”, “decreaser”, and “invader” species responses to livestock .

Table 3. Plant diversity components in tallgrass prairie sites. Grazed = sites grazed year-round by bison. Ungr. = ungrazed sites. S = species richness
(mean number of species per sampling site). E = evenness index = H'/H' ), = H'/InS) H' = Shannon species diversity index (H' = -Xp; . In p;, where
p; = the relative cover of species #). Heterogeneity = spatial diversity = mean percent dissimilarity in species composition among plots within a site

(see text for details).
S E H Heterogeneity
Ungr. Grazed Ungr. Grazed Ungr. Grazed Ungr. Grazed

Annually burned prairie
upland sites 27 35 042 0.53* 1.40 1.87* 041 0.44
lowland sites 28 43* 0.51 0.49* 1.70 1.82% 0.48 0.59*
4-year burn prairie
upland sites 27 32% 0.53 0.59* 1.76 2.03* 0.33 0.38*
lowland sites 29 41* 0.38 0.50 1.29 1.85 0.40 0.39

* = significantly different from ungrazed sites at the p < 0.05 level (Mann Whitney U test),
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Fig. 3. Species-area relationships for plant communities on annually burned and 4-year burned watersheds on the Konza Prairie Research
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bars= % 1SE.

grazing in tallgrass prairie (Dyksterhuis 1958, Voigt and Weaver
1951, Weaver and Hanson 1941, Weaver 1968). These workers
interpreted these changes as resulting from preferential grazing of
the palatable dominant grasses and decrease in their cover, con-
comitant competitive release and increased abundance of unpalat-
able subordinate species, and eventual colonization by ruderal
species with prolonged or severe grazing (Weaver 1968). In the
present study, however, many species could not easily be separat-
ed into these distinct classes, because their response to bison
grazing differed between watersheds and topographical position.
For example, little bluestem, classified as a decreaser under live-
stock grazing, showed increased abundance with bison grazing in
the 4-year burn watershed, and no significant response to bison in
the annually burned prairie. This response is consistent with
recent studies on Konza Prairie that showed that bison avoid
grazing little bluestem relative to neighboring warm-season tall-
grasses in unburned prairie, but that they grazed it in equal fre-
quency to these neighboring grasses in burned prairie (Pfeiffer
and Hartnett 1995). Also, the patterns of species responses to
bison grazing are influenced by the ways in which the abundance
data were collected. For many species, estimation of both canopy
cover and frequency indicated similar effects of bison on changes
in abundance. For a few species, however, significant differences
in cover but not frequency between grazed and ungrazed sites
indicate an effect of current year’s level of herbivory on the
aboveground canopy but no significant longer-term population
change. Because frequency estimates were based on occurrence
of a species contact with the pin frame rather than rooted plant
frequency, they may also be influenced by effects of current
year’s herbivory on plant size. However, sampling was done on
multiple dates beginning early in the growth period of the domi-
nant grasses and, for each species, the maximum relative frequen-
cy value for the 3 sampling dates was used in the analyses. Thus,
any potential influence of current year’s herbivory on species fre-
quencies was minimized.

The net effect of these differential plant species responses was
a significant increase in several components of plant diversity on
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sites grazed by bison over the 4-year period. In both watersheds,
plant species richness, evenness, species diversity, and spatial
diversity (heterogeneity) were higher in grazed compared to
ungrazed areas. Greater plant species diversity on sites moderate-
ly grazed by bison relative to ungrazed sites supports specific
predictions of the intermediate disturbance hypothesis and the
generalized model of Milchunas et al. (1988) for grasslands. In
the absence of grazing, a few tallgrass species dominate the com-
munity, whereas moderate grazing results in a more species rich
mosiac pattern of shortgrasses, tallgrasses, and forbs and a mosa-
ic pattern of canopy structure (Milchunas et al. 1988). These
models make further predictions concerning the form of relation-
ship between grazing intensity and plant species diversity, how-
ever, our study included only a pairwise moderately
grazed/ungrazed comparison and was unable to test these specific
relationships for tallgrass prairie.

Studies in different grasslands have documented significant
effects of large grazers on plant species diversity (Cid et al. 1991,
Dyer et al. 1982, Heady 1967, Noy-Meir et al. 1989, Whicker and
Detling 1988). In a short-term experiment in Oklahoma tallgrass
prairie, Collins (1987) found higher plant species diversity in
sites grazed seasonally by cattle, and a significant interaction
between grazing and fire effects on species diversity. In contrast,
(Kucera 1956) found decreased plant species diversity in
Missouri tallgrass prairie sites that were grazed intensively for
many years, and a significant drought-grazing interaction affect-
ing trends in plant community composition. Smart et al. (1985)
showed that long-term exclusion of grazers from east African
grasslands resulted in a floristically poor plant community heavi-
ly dominated by just 2 grasss species.

Although lack of replication of annually burned and 4-year
burn watersheds precluded statistical examination of fire X bison
grazing interactions in our study, consistent patterns among repli-
cate sites in each watershed suggest that plant community
responses to bison are influenced by fire frequency. Bison caused
greater increases in species richness and heterogeneity in the
annually burned watershed than they did in the 4-year burn
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watershed. This is likely the result of the greater use of annually
burned sites by bison on Konza Prairie (Vinton et al., 1993), and
relatively larger shifts in the competitive balance between the
dominant grasses and subordinant species in annually burned
prairie where, in the absence of grazing, the tallgrasses typically
exert stronger competitive effects.

Herbivores can influence the composition and diversity of plant
communities via a variety of mechanisms (Huntly 1991). The
species’ relative-abundance distributions indicated that bison
increase both the evenness and richness components of plant
species diversity, however, similar shapes of the distributions in
grazed versus ungrazed sites suggests that moderate bison graz-
ing does not significantly alter the fundamental processes orga-
nizing tallgrass prairie plant communities. The increase in species
evenness or equitability is a result of the preferential grazing and
reduced dominance of big bluestem, resulting in an increase in
the relative abundances of several subordinate species that
receive little grazing pressure and experience competitive release
from the effects of big bluestem (Fahnestock and Knapp 1993).
The increase in species richness and spatial diversity components
is likely due to the generation of greater habitat heterogeneity.
The mosaic of habitat patches generated by bison grazing and
non-grazing activities likely increase the diversity of colonization
and establishment opportunities for several species that are other-
wise excluded from the community by the strong competitive
dominance of the matrix grasses.

Native ungulate grazers and cattle may differ in their effects on
tallgrass prairie vegetation composition and biodiversity.
Although both bison and cattle display generalist food habits,
bison select almost exclusively graminoids (Krueger 1986, Peden
et al. 1974, Plumb and Dodd 1993, Schwartz and Ellis 1981) and
thus may reduce dominance by matrix grasses and increase
species equitability to a greater degree than cattle. Furthermore,
bison display other behaviors such as wallowing, they are capable
of grazing nearer to the ground than cattle, and their spatial and
temporal patterns of grazing activity differ from cattle (e.g.
Reinhardt 1985, Polley and Collins 1984). Thus, bison may differ
from cattle in their effects on plant species richness and spatial
heterogeneity components of grassland biodiversity.

Differences in management may also contribute to differences
in vegetation responses to cattle and bison. In tallgrass prairie
managed for livestock production, grazing is often seasonal,
whereas systems managed with native ungulates such as the
Konza Prairie typically involve year-round grazing with minimal
grazing management. Thus the temporal and spatial patterns of
defoliation may differ considerably. For example, the lack of sig-
nificant increase in the abundance of cool-season C; grasses
observed in this study compared to their increase under cattle
grazing is likely due to greater cumulative grazing pressure C;
grasses experience under year-round compared to seasonal graz-
ing. Also, many practices employed in the management of
domestic cattle on tallgrass prairie, such as intensive-early stock-
ing or other high intensity-short duration grazing systems are
designed partially to reduce spatial heterogeneity in grazing
intensity, which will affect vegetation spatial diversity. Collins
(1987) showed that seasonal cattle grazing at moderate stocking
rates increased local plant species richness by 2 to 15% in
Oklahoma tallgrass prairie. In our study, moderate year-long
bison grazing increased local plant species richness by 19 to 54%.
This further suggests that native and domestic grazers managed in
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different ways may differ significantly in their influence on tall-
grass prairie plant community structure and biodiversity.

Results of this study clearly indicate that bison grazing increas-
es various components of floristic and spatial diversity in tall-
grass prairie. Increasing empirical evidence indicates that
increased floristic diversity confers greater ecological stability in
grasslands, including greater year-to-year stability in the net pri-
mary productivity and species composition in response to drought
or other stresses (Frank and McNaughton 1991, Tilman and
Downing 1994). Thus, effects of native and domestic ungulate
grazers on components of grassland biodiversity have important
potential implications for grassland ecosystems and range man-
agement.
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