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Abstract
Grazed and ungrazed sites subjected to different fire frequencies 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 composition and diversity components (plant species richness, equitability, and spatial heterogeneity) in sites of contrasting 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 preferential 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 diversity have important implications given recent evidence that plant
species diversity and the compositional and production stability
of grassland plant communities are positively related.
Key Words: biodiversity, plant communities, species diversity
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, spatial, and structural components of grassland biodiversity. Recent
evidence suggests that biodiversity components strongly influence 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 components 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 models (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 richness, equiitability, 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 bumed
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 annually 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 northeasternKansas (39?05'N, 96?35'W). Average
monthly temperature ranges from a January low of -2.7? C to a
July high of 26.60 C. Average annual total precipitation is 835
mm with 75% falling during the growing season (Bark 1987).
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The FlintHills regionencompassesover 1.6 millionha extending
throughout much of eastern Kansas from near the KansasNebraskabordersouthinto northeasternOklahoma,and contains
the largestremainingareasof unplowedtallgrassprairiein North
America.
The vegetationof KonzaPrairieis dominatedby warm-season
perennialgrasses,i.e., big bluestem(AndropogongerardiiVit.),
indiangrass (Sorghastrumnutans [L]. Nash), little bluestem
(Schizachyrium scoparium [Michx.] Nash-Andropogon scopar-

ius Michx.), switchgrass(PanicumvirgatumL.), with numerous
subdominantC3 and C4 grasses,composites,legumes,and other
forbs (Kuchler1967, Freemanand Hulbert1985). A few woody
species such as leadplant(AmorphacanescensPursh),buckbrush
(Symphoricarpos orbiculatus Moench.), New Jersey tea
(Ceanothus herbaceous Raf.), and smooth sumac (Rhus glabra

L.) are locally common. The vascularflora of Konza includes
over 500 species representingover 60 families (Freemanand
Hulbert1985). The residualsoils are Chase silt loams and silty
clay loams derivedfrom Permianlimestones,shales, and cherty
limestones (Clayey-skeletal, montmorillonitic, mesic, Udic
Arguistolls, and Fine mixed, mesic, Pachic Arguistolls).
Americanbison (Bison bison) were the dominantlarge native
herbivorein this regionuntil Europeansettlersestablishedcattle
grazingas the primarylanduse in the latterhalf of the nineteenth
century.
Fifty bison were stockedin a 469-ha portionof KonzaPrairie
in 1987 at 9 ha AU-'. The stockingrategraduallyincreasedto 5
ha AU-'by 1992 throughnaturalherdgrowth.The areagrazedby
bison was expandedto includean additional480 ha in May 1992.
The animalsare free to move among 10 watersheds(avg. size =
100 ha) thatare subjectedto prescribedburningin Aprilat 1-yr,
2-year,4-year,or 20-yearintervals.Before 1987, the watersheds
had not been grazedsince the late 1960's andhadbeen subjected
to theirprescribedburningintervalssince the mid-1970's.Before
the bison re-introduction
in 1987, 8 permanent5 m X 5 m exclosures were erected at different sites within each of the grazed
watersheds.The exclosureswere randomlylocatedbut stratified
betweenupland(shallowFlorencechertysilt loam) and lowland
(Tullysilt clay loam)topographical
positions.
Forthis study,we sampledgrazedandungrazedvegetationat 6
exclosuresites in an annuallyburnedwatershedand 6 sites in a
watershedburnedat 4-year intervals.The sites were sampled3
times duringthe 1991 growingseason (earlyJune,mid-July,and
late September),the fourthyear following stocking with bison.
Thus,our samplingassessedthe cumulativeeffects of 4 yearsof
absence or presence of bison grazing. Sampling at 3 times
throughoutthe season was necessarybecause the plant species
vary in theirgrowthand floweringphenologyand a single sampling would introducesignificant bias in abundanceestimates
againstthose species not growing actively duringthe sampling
period.
At each of the 6 replicatesites, vegetationwas sampledwithin
the 5 m X 5 m permanentexclosureandalonga nearbyrandomly
placedtransectwithinthe surroundinggrazedvegetation.Four1m quadratswere located within each exclosureand along each
nearbytransect.Withineach quadrat,the cover and frequencyof
each plant species was estimatedusing a modifiedpoint-frame
method (Cook and Stubbendieck 1986). A 10-pin frame was
placed systematicallyat 4 locations (each 25 cm apart)within
each 1 m2quadrat(4 frames= 40 pins per m2quadrat).Fromthe
pin-contactdata,the relativecover (total numberof 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 maximum 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 frequency 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 (percentage 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 placement of exclosures and pre-treatmentvegetation sampling within
each site conducted in 1986 (Konza LTER program data set
PVC02, unpublished) confirmed no initial differences in vegetation 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 replication 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 abundance of each plant species between grazed and ungrazed sites
were analyzed via a separate one-way ANOVA for each topographical position within each watershed.
Plant species richness (S = number of species encountered per
unit area) and evenness or equitability of species' relative abundances (E = H'/InS) were calculated for grazed and ungrazed sites
in each watershed. Species diversity, which includes both richnesss and evenness components, was calculated for grazed and
ungrazed sites using the Shannon index (H' = - Xpi.Inp1),where
pi = relative frequency [or cover] of species i (Magurran 1988).
Spatial diversity (heterogeneity) of the plant community was calculated for each grazed and ungrazed site following the method
of Collins (1992) as the mean % dissimilarity in species composition for all pairwise comparisons of 1 m2 quadrats at each sampling site within each watershed. Percent dissimilarity was
defined as 1 - Czeckanowski's similarity index [2 min (xij,
(=
xk)], where xij and xik are the frequencies of species i
in quadratsj and k respectively (Collins, 1992). Rank transformations of these diversity components were analyzed using
ANOVA (Conover and Iman 1981), with grazing as the main factor and topographic position as a blocking factor. Statistical differences 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 frequency 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 rhizomatous grasses, the frequency of big bluestem did not differ among
treatments, whereas the frequencies of indiangrass and switchgrass were greater in ungrazed then grazed sites (Fig. 1). The
cover of big bluestem, indiangrass, switchgrass, and rough

JOURNAL OF RANGE MANAGEMENT49(5), September 1996

100

Ab

Burned uplands

4-year

Annually Burned Uplands
a

1

4.

100

'r
~~~~~~~3

00

4..

*1

'bb
.3

4

8.

4

*73
40

.C,'

816
60

660

I

810

20

?6

~40

?1

20

0

"

20

A

0

20

40

60

80

.t

Burned

4.

80

*

80

100

Lowlands

.
.41
60

~

20

=anulfob

0

20

*

~~~~~~~~%3

.~40

rss

60

Burned

4-year

*
0X
~~~~~*14
80~~~~~~~.1

? S.

?12

peenii

40

1100

60

b

20

1

.3

80

an

?

Frequency In Grazed Prairie

Lowlands

100

1

0

100

Frequency in Grazed Prairie
Annually

*
??

6

~~~~~~~~~~~~~~~~~~~~~~~~8

.~40

7~?
oAhefguein2de
Aprenalfrb
40
60

9

=

*2

20

60

=sru.Seete
100

Frequency in Grazed Prairie

4

peis
0

ubee
40
20

60

A=bg
80

le6e
100

Frequency in Grazed Prairie

Fig. 1. Mean frequency (%) of plant species in grazed and ungrazed sites in upland and lowland topographicalpositions in annually burned
and 4-year burned prairie. Each data point representsa species.LIl= C3 annual grass.E0 C3 perennialgrass. 0 = C4 annual grass. * = C4
perennial grass. A = annual forb. A perennial forb. + = shrub. Selected species numbered on the figure include: 1 = big bluestem
(Andropogongerardi,),2 = switchgrass(Panicumvirgatum),3 =Indiangrass(Sorghastrumnutans),4 = whorled milkweed (Asckepiasverticillata), 5 = prairie goldenrod (Solidago missouriensis),6 = white aster (Asterericoides),7 = sedges (Carex spp.), 8 = white sage (Artemisia
ludoviciana),9 = Kentuckybluegrass (Poapratensis),10 = leadplant (Amorphacanescens),11 = sideoats grama (Boutelouacurtipendula),12
scoparium) 14 = rough dropseed (Sporobolusasper), 15
= western ragweed (Ambrosiapsilostachya),13 = little bluestem (Schizachyriuim
western wheatgrass (Agropyronsmithii), 16 = Scribner's dichanthelium(Dichantheliumoligosanthesvar. scribneranium).17 = yellow wood
sorrel (Oxalisstricta).

dropseed(Sporobolusasper [Michx.] Kunth)decreasedconsistentlyin responseto bison grazing(Tables I and 2). However,in
the annuallyburnedwatershedthis negativeeffect of bison on the
cover of tallgrass species was greaterin upland sites for most
species (Table 1), whereasin the 4-yearburnedwatershedeffects
of bison were greaterin the lowlandsites for most species (Table
2). The bunchgrasslittle bluestemshowed a significantresponse
to bison only in the 4-yearburnedlowlandsites whereits cover
and frequencywere greaterin grazedsites (Table2, Fig. 1). The
mid-grass sideoats grama and the cool season graminoids
Kentuckybluegrassand westernwheatgrass,increasedin cover
and frequencyin responseto bison, and moresignificantlyin the
4-year burnedwatershedthan in the annuallyburnedwatershed
(Tables I and 2, Fig. 1). Forb species that showed increased
cover in responseto bison includedleadplant,white aster(Aster
ericoides L.), western ragweed (Ambrosia psilostachya DC.), yellow wood sorrel tOxalis stricta L.), fringeleaf ruellia (Ruellia
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humilisNutt.),andprairiegroundcherry(PhysalispumilaNutt.).
Leadplant,white aster, and yellow wood sorrel also showed
greaterfrequiencyin grazedsites than in ungrazedsites (Fig. 1).
For many of these forbs, the magnitudeand statisticalsignificance of tht.,increasein cover in grazedareasdifferedbetween
the 2 fire regimes(Tables 1 and 2). The only forb thatdecreased
in cover andfrequencyin responseto bisonwas prairiegoldenrod
(Solidago inissouriensisNutt.) on uplandprairiesites (Table 1,
Fig. 1). Canadagoldenrod(Solidago canadensis L.) showed a
similartrendin lowlandsites but its abundancewas too variable
to detect an effect of bison grazing.Responsesof severalother
grass and forb species to grazingwere significant,but theirpatternsdiffereddependingupontopographicposition.
Theanalysisof varianceof eachof theplantdiversitycomponents
(S, E, H')revealeda significantmaineffectof grazing(p< 0.05) and
a significantgrazingX topographyinteraction(p <0.05). Thus,the
meansfor diversitycomponentsin grazedversusungrazedsitesare
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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
Grazed

big bluestem
Indiangrass
roughdropseed
little bluestem
side oats grama
Kentuckybluegrass
Scribner'sdicanthelium
sedges
leadplant
white aster
westernragweed
yellow wood sorrel
Pitcher'ssage
prairiegroundcherry
westernironweed
plantains
prairiegoldenrod
fringeleafruellia
buckbrush

34.5?3.9
3.7?1.2
15.3?2.7
3.7?1.0
1.6?0.9
1.2?0.7
3.5?0.4
7.5?1.4
6.0?2.1
11.8?2.3
0.6?0.2
0.9?0.8
2.3?1.6
0.04?0.03
1.1?0.4
0.04?0.04
0.4?0.4
0.7?0.3
0.1?0.1

AnnuallyBurned
Ungrazed

55.1?4.5
13.4?4.9
6.4?1.0
2.4?0.7
0.6?0.2
0.2?0.1
2.8?0.8
4.9?1.6
1.3?0.6
4.9?2.3
0.8?0.2
0.08?0.03
0.7?0.6
1.04?0.04
0.8?0.5
0.0?0.0
0.6?0.3
0.02?0.01
0.0?0.0

Prob.

Grazed

0.01
0.09
0.01
ns1
ns
ns
ns
ns
0.06
0.05
ns
ns
ns
0.05
ns
ns
ns
0.05
ns

37.7?1.7
4.1?1.0
8.7?1.1
3.6?0.4
3.5?0.9
7.9?1.8
3.2?0.5
2.5?0.8
0.8?0.2
9.0?1.5
7.5?1.3
1.7?0.6
2.3?1.1
0.3?0.3
0.07?0.04
0.04?0.04
0.01?0.1
0.12?0.1
0.06?0.03

4-Year Burn
Ungrazed

47.9?3.5
5.9?1.4
8.1?1.3
4.2?0.8
0.9?0.3
6.7?1.7
2.6?0.5
1.0?0.2
0.8?0.4
10.8?2.5
4.7?0.6
0.2?0.1
0.4?0.2
0.0?0.0
0.0?0.0
0.0+0.0
0.7?0.2
0.07?0.06
0.0?0.0

Prob.

0.02
n
ns
ns
0.03
ns
ns
0.1
ns
ns
0.05
0.04
ns
ns
ns
ns
0.05
ns
ns

Ins = not significantat the p < 0.1 level.

positionsseparately
reportedfor lowlandanduplandtopographical
(Table3). In boththe annuallyburnedand4-yearburnwatersheds,
meanplantspeciesdiversity(H')was consistentlyhigher(p < 0.05)
in grazedareasrelativeto nearbyexclosures.Meanplantspecies
richnessalso was higher(p < 0.05) for grazedsites (38 speciesper
transect)thanfor ungrazedareas(28 species per exclosure).The
increasein species richnessassociatedwith bison was generally
greaterin the annuallyburnedwatershed,and greatestin the lowlandsites (54%increase).The smallestincreasein floristicdiversity
due to bisongrazingoccurredin the uplandsamplingsitesin the4yearbumwatershed(19%increase).The evennessof speciesabundanceswas greater(p < 0.05) in grazedrelativeto ungrazedprairie
in all exceptlowlandsites in the annuallyburnedwatershed(Table
3). Thesedifferencesin speciesrichness,evenness,andH'between

grazedandungrazedsites are evidentin the speciesrelativeabundancedistributions
(Fig. 2). In all sites, the relativeabundancedistributionsindicatedstrongdominanceby a few species (with big
bluestemthemostdominantin all sites)anda significantnumberof
species.In all sites studied,the abundancerareandsub-dominant
rankcurvesindicatereducedabundanceof the dominantspecies
(greaterevenness)and increasedspeciesrichnessin grazedprairie
comparedto ungrazedareas,but the generalshapeof the distributionsdidnotvaryvisually(Fig.2).
Spatialdiversity(communityheterogeneity)was significantly
greaterin grazed sites of both the annuallyburnedand 4-year
burnedwatershedthanin ungrazedsites, with the exceptionthat
there was no significanteffect of bison on heterogeneityin the
lowlandsites in the 4-yearbum watershed(Table3). The highest

Table 2. Canopy cover (mean + 1SE) of plant species on lowland taligrass prairie sites. Probability values shown are for comparison of grazed versus
ungrazed quadrats.
Species
Grazed
big bluestem
indiangrass
little bluestem
sideoats grama
switchgrass
Kentuckybluegrass
westernwheatgrass
sedges
westernragweed
white aster
violet wood sorrel
prairiegroundcherry
fringeleafruellia
prairiewild rose

22.5?3.4
15.4?7.3
2.2?1.0
15.6?4.1
8.4?2.7
0.34?0.23
0.11?0.11
1.7?1.0
2.8?1.4
3.3?1.0
0.15?0.10
1.5?0.4
0.55?0.35
0.7?0.3

AnnuallyBurned
Ungrazed
23.5?4.2
9.7?2.1
2.1?0.7
10.1?3.7
31.5?5.2
0.03?0.03
0.0?0.0
0.3?0.1
1.8?0.5
0.06?0.04
0.03?0.03
0.5?0.3
0.0?0.0
0.0?0.0

Prob.

Grazed

nsi
ns
ns
ns
0.01
ns
ns
0.1
ns
0.01
0.01
0.05
0.1
0.05

33.1?2.1
0.34?1.7
2.1?7.4
0.8+0.3
1.3?1.3
14.9?3.1
0.61?0.21
2.4?0.4
9.1?2.1
16.4?1.9
0.04?0.04
0.19?0.15
0.28?0.16
0.3?0.2

4-Year Burn
Ungrazed

Prob.

59.1?7.9
2.9?1.1
0.5?0.2
0.1?0.1
9.7?3.7
5.8?1.9
0.0?0.0
0.5?0.2
2.8?0.7
3.7?1.0
0.0?0.0
0.17?0.10
0.22?0.10
0.0?0.0

0.01
0.05
0.05
0.04
0.05
0.02
0.02
0.01
0.02
0.01
ns
ns
ns
0.1

ns = not significantat the p < 0.1 level.
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Fig. 2. Rank-abundancediagrams for plant communitiesin annually burned and 4-year burned tallgrass prairie. Open symbols grazed by
bison. Closed symbols = ungrazedsites.

communityheterogeneity(0.82) occurredin the grazedsites of
the annuallyburnedwatershed,whereas the minimumheterogeneity (0.40) was measuredin ungrazedlowlandsites in the 4yearburnwatershed.
Increasedspecies richnessassociatedwith bison grazingwas
greaterwith increasingsamplearea(Fig. 3). A similarpatternin
species-arearelationshipswas evidentin the annuallyburnedand
4-yearburnwatersheds;however,the effects of bison on cumulative species richnessat largerspatialscales weregenerallygreater
in the annuallyburnedwatershed(Fig. 3).

Discussion
Consistentdifferentialplantspecies responsesto bison grazing
occurredin boththe annuallybumedand4-yearbum prairie.The
dominantperennialtallgrasseswere reducedin abundancein the
subordinate
grazedsites, whereasseveralof the shorter-statured
grasses, sedges, and some forbs showed greaterrelative abundance in grazed sites. The changes in species abundances
observedherein responseto bison were consistentwith "increaser", "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'max= H'/InS) H' = Shannon species diversity index (H' = -p1i . In pi, where
Pi = the relative cover of species i). Heterogeneity = spatial diversity = mean percent dissimilarity in species composition among plots within a site
(see text for details).
H'

E

S

Heterogeneity
Grazed
Ungr.

Ungr.

Grazed

Ungr.

Grazed

Ungr.

Grazed

Annuallyburnedprairie
uplandsites
lowland sites

27
28

35
43*

0.42
0.51

0.53*
0.49*

1.40
1.70

1.87*
1.82*
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Fig. 3. Species-arearelationshipsfor plant communitieson annually burned and 4-year burned watersheds on the Konza Prairie Research
Natural Area. Open symbols and dashed lines = ungrazedsites (exclosures).Closed symbolsand solid lines = sites grazed by bison. Vertical
bars = ? 1SE.
grazing in tallgrass prairie (Dyksterhuis 1958, Voigt and Weaver
1951, Weaver and Hanson 1941, Weaver 1968). These workers
interpretedthese changes as resulting from preferential grazing of
the palatable dominant grasses and decrease in their cover, concomitant competitive release and increased abundance of unpalatable 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 separated 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 livestock 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 tallgrasses in unburned prairie, but that they grazed it in equal frequency 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 dominant grasses and, for each species, the maximum relative frequency value for the 3 sampling dates was used in the analyses. Thus,
any potential influence of current year's herbivory on species frequencies 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 moderately 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 community, whereas moderate grazing results in a more species rich
mosiac pattern of shortgrasses, tallgrasses, and forbs and a mosaic pattern of canopy structure (Milchunas et al. 1988). These
models make further predictions concerning the form of relationship between grazing intensity and plant species diversity, however, our study included only a pairwise moderately
grazed/ungrazedcomparison 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 affecting 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 heavily 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 replicate sites in each watershed suiggest 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
bumed 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 grazing does not significantly alter the fundamental processes organizing 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 otherwise 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 significant increase in the abundance of cool-season C3 grasses
observed in this study compared to their increase under cattle
grazing is likely due to greater cumulative grazing pressure C3
grasses experience under year-round compared to seasonal grazing. Also, many practices employed in the management of
domestic cattle on tallgrass prairie, such as intensive-early stocking 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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differentways may differsignificantlyin their influenceon tallgrassprairieplantcommunitystructureandbiodiversity.
Resultsof this studyclearlyindicatethatbison grazingincreases variouscomponentsof floristic and spatial diversityin tallgrass prairie. Increasing empirical evidence indicates that
increasedfloristicdiversityconfersgreaterecological stabilityin
grasslands,includinggreateryear-to-yearstabilityin the net primaryproductivityandspeciescompositionin responseto drought
or other stresses (Frank and McNaughton 1991, Tilman and
Downing 1994). Thus, effects of native and domestic ungulate
grazerson componentsof grasslandbiodiversityhave important
potentialimplicationsfor grasslandecosystemsand range management.
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