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EFFECTS OF URINE DEPOSITION ON SMALL-SCALE PATCH
STRUCTURE IN PRAIRIE VEGETATION!

E. M. STEINAUER AND S. L. COLLINS?
Department of Botany/Microbiology, University of Oklahoma, Norman, Oklahoma 73019 USA

Abstract. Large grazing mammals contribute to the species diversity of grasslands via
direct and indirect effects of defoliation and urine deposition. We examined the influence
of one and two applications of simulated bovine urine on vegetation structure on (1) tallgrass
prairie burned either every 2 or 4 yr at Konza Prairie Research Natural Area (KPRNA),
Kansas, and (2) unburned sandhills prairie at the Niobrara Valley Preserve, Nebraska. We
also examined the influence of urine and the clipping of graminoids on an annually burned
site at KPRNA.

Plant abundance in general increased on urine patches but the response appeared de-
pendent on litter accumulation. C, grasses increased at the annual burn and Niobrara sites
where litter levels were low. C, forbs increased at the 2- and 4-yr burn sites where litter
levels were high. Urine treatment significantly affected community composition at all but
the 2-yr burn site. Alpha-diversity decreased on urine patches at the annual and 4-yr burn
sites but increased on urine patches at the Niobrara site. Beta-diversity increased on urine
patches at the annual burn and Niobrara site but decreased on urine patches at the 4-yr
burn site. The clipping of graminoids at the annual burn site reduced both a- and B-diversity
and graminoid abundance while forb abundance was not affected.

Key words: a-diversity; B-diversity; clipping; nitrogen; sandhills prairie; simulated bovine urine;

tallgrass prairie.

INTRODUCTION

Grassland vegetation is spatially and temporally
variable (Weins 1976, Collins 1992, Glenn and Collins
1992, Seastedt and Knapp 1993). This variability or
“patchiness’” may result from several factors including
immigration and extinction (Glenn and Collins 1992),
competitive interactions (Tilman 1985), topography
(Barns and Harrison 1982), climate (Gibson and Hul-
bert 1987, Tilman and El Haddi 1992), and disturbance
(White 1979, Sousa 1984). More importantly these fac-
tors interact in a complex fashion to affect patch dy-
namics at multiple spatial and temporal scales (Collins
and Uno 1983, Collins and Barber 1985, Collins 1987,
Allen and Hoekstra 1992). Patchiness is important in
providing a variety of habitat types for maintaining
species diversity (Connell 1978, Huston 1979).

Large grazing animals contribute directly to patch-
iness in grasslands through defoliation, trampling (Wal-
lace 1987), and excretion (McNaughton 1983). Urine
deposition, for example, creates patches with elevated
nitrogen (N) levels (Jaramillo and Detling 1992a), in-
creased rates of nutrient cycling (Woodmansee 1978,
Floate 1981) and altered species composition (Norman
and Green 1958, Day and Detling 1990). In most stud-
ies of nutrient addition to grasslands, commercial fer-
tilizer, typically ammonium nitrate, is broadcast on

! Manuscript received 11 April 1994; revised 31 October
1994; accepted 2 November 1994.

2 Present address: Ecological Studies Program, National
Science Foundation, 4201 Wilson Boulevard, Arlington, Vir-
ginia 22230 USA.

large areas, often with repeated applications (e.g., Ow-
ensby et al. 1970, Tilman 1987) resulting in increased
productivity, and in the abundance of C; grasses and
forbs (Huffine and Elder 1960, Owensby et al. 1970).
In contrast, urine patches are small (=0.25 m?), and
spatially and temporally stochastic. Approximately
75% of the N in urine is urea, which is rapidly trans-
formed to ammonia in the soil (Stillwell and Wood-
mansee 1981). Nutrient inputs as urine patches may
occur at spatial and temporal scales more in concor-
dance with those that occurred historically in grazed
North American grasslands (Mack and Thompson
1982, Milchunas et al. 1988). Indeed, Smith and Rice
(1983) have shown that late successional grass species
in tallgrass prairie utilize N applied in the form of urea
more effectively than when applied as nitrate.
Ungulates preferentially graze vegetation on urine
patches because of increased quantity and quality of
nutrients compared to off-patch locations (Day and
Detling 1990, Jaramillo and Detling 1992b). Grazing
alters community composition by selective removal of
certain species, which contributes to the increase in
diversity on moderately grazed grasslands (Collins
1987). Bison diet, for example, typically includes
~90% graminoids (Krueger 1986, Plumb and Dodd
1993), while many forbs are avoided (Ward et al. 1991).
Thus, urine patches provide initiation points for grazing
events that further impact local species composition.
This study was undertaken to address the role of
urine patches and grazing on small-scale patch struc-
ture and dynamics in tallgrass and sandhills prairies.
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Specifically, we examined the effects of urine treatment
and the clipping of graminoids on (1) community com-
position, (2) a- and B-diversity, and (3) plant species
and functional group abundance. Because plant growth
is typically N limited in mesic North American grass-
lands (Tilman 1984, 1987, Seastedt et al. 1991), we
predicted that production would increase on urine
patches. Production and species richness are often in-
versely related (Grime 1973, Al-Mufti et al. 1977, Til-
man 1993). Therefore, we predicted a decline in species
richness and a-diversity on urine patches. Because spe-
cies will likely respond differentially to urine treat-
ment, and competitive interactions may be altered fol-
lowing N addition (Tilman 1985), we expected
community composition to shift on urine patches. Be-
cause diversity is often increased by grazing (Collins
1987, Collins and Glenn 1988), we predicted that forb
abundance, species richness, and diversity would in-
crease on clipped plots and that the greatest increase
in diversity would occur on fertilized and clipped plots.

MATERIALS AND METHODS
Study sites

The study was conducted during 1990 and 1991 in
tallgrass prairie at Konza Prairie Research Natural Area
(KPRNA) in Riley County, Kansas, and in sandhills
prairie at the Niobrara Valley Preserve (NVP) in Brown
County, Nebraska. Dominant plant species at both sites
are C, grasses: Andropogon gerardii, A. scoparius, Sor-
ghastrum nutans, Bouteloua curtipendula, Panicum
virgatum, and Sporobolus asper at KPRNA and A. hal-
lii, A. scoparius, P. virgatum, Calamovilfa longifolia,
B. hirsuta, and Sporobolus cryptandrus at NVP. No-
menclature follows Flora of the Great Plains (Great
Plains Floral Association 1986).

KPRNA is managed as a series of permanent, rep-
licated burn units subjected to a variety of fire regimes.
Fire was not a part of the management on our sites at
NVP during this study. The climate is continental at
both sites. Mean annual temperature is =~13°C at
KPRNA and 8.8°C at NVP. Mean annual precipitation
is 835 mm at KPRNA and 483 mm at NVP, 72 and
79% of which occurs from April to September at the
two locations, respectively. April to September rainfall
at KPRNA was 117 and 69% of the long-term average
in 1990 and 1991, respectively, and 120 and 102% of
average at NVP. Study sites at KPRNA were on Flor-
ence soils, which are dark, fertile, cherty silt or silty
clay loams derived from limestone bedrock (USDA
Soil Survey, Riley County, Kansas 1975). The study
site at NVP was on Valentine soil which is deep, fine-
grained eolian sand, low in nutrients and organic matter
(USDA Soil Survey, Brown County, Nebraska 1993).

Experiment 1

Data collection and analysis.—Thirty 0.25-m? cir-
cular plots were located at each of three study sites in
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TABLE 1. Chemical composition of simulated bovine
urine.*
Compound Amount (g/L)

Urea 13.648
MgCl,-6H,0 0.750
MgSO,-7H,0 0.725
CaCl,-2H,0 0.091

KC1 7.015

KHCO, 6.830

NaCl 1.210

* From Stillwell 1978.

1990. Two sites were at KPRNA on ungrazed upland
prairie; one site is burned every 2 yr (2-yr burn site)
and the other is burned every 4 yr (4-yr burn site). Both
sites were burned in 1989. One ungrazed upland site
was located at NVP. Plots at the 2- and 4-yr burn sites
were placed at 5-m intervals along parallel transects
spaced 5 m apart. We used three 45-m transects at the
2-yr burn site and two 70-m transects at the 4-yr burn
site. Because of considerable bare ground at NVP, the
plots were scattered and constrained to contain at least
20% cover of A. hallii.

Ten plots at each site were systematically assigned
to one of three urine treatments. In treatment 1, 2 L of
simulated bovine urine (equivalent to 50.9 g N/m2,
Stillwell 1983 and Table 1) were applied in early June
1990 followed by 2 L of water (equivalent to 7.14 mm
of precipitation) applied in mid-July. In treatment 2, 2
L of simulated urine were applied on both the above
dates, and in controls, 2 L of water were applied on
both dates. Treatments were applied evenly and slowly
to the plot surface to prevent runoff. Canopy cover of
vascular plant species rooted in each plot was visually
estimated in 5% cover classes prior to urine application
in June and July and in mid-August of 1990, and in
late May, mid-July, and early September of 1991. Cov-
er values under 5% were estimated in 1% classes.

We compared plant community response among
treatment groups at each site using multi-response per-
mutation procedures (MRPP, Zimmerman et al. 1985,
Biondini et al. 1988) with canopy cover data. MRPP
is a bootstrapping technique that compares the mean
dissimilarity between members of predefined groups,
in this case samples (plots) within treatments, against
mean distances within groups created at random from
the same data set. The P value is the percentage of
distances within the groups created at random that are
equal to or smaller than distances within the treatment
groups. MRPP is appropriate for ecological data be-
cause it relaxes assumptions concerning normality of
the data structure and it appears to be as robust as the
traditional F test (Zimmerman et al. 1985).

We used percent dissimilarity (PD), a measure of
B-diversity, to assess compositional similarity of plots
within each treatment group at each site. PD is defined
as:
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where PS is percent similarity, p, is the proportional
cover of species p in quadrat a, p, is the proportional
cover of species p in quadrat b, and s is the total number
of species (Whittaker 1975).

Alpha-diversity (richness [S = the number of plant
species per plot], Shannon-Weiner diversity [H' = —%
pin p; where p; is the relative cover of species i, Greig-
Smith 1983], and evenness [equitability = H'/In(S),
Pielou 1969]) was calculated as a measure of within-
plot variability for each treatment group at each site.
Because of considerable variation in a-diversity pa-
rameters among plots prior to treatment application,
a-diversity values were standardized to reflect per-
centage change from pretreatment values on a plot-by-
plot basis as follows:

value at sample date — pretreatment value
pretreatment value

>

prior to performing statistical tests.

Canopy cover values for species and functional
group abundance were standardized in a similar manner
as with a-diversity parameters, with the resulting val-
ues then arcsine-transformed to normalize data. Treat-
ment effects on individual plant species and functional
groups (C, graminoids, C, grasses, all grasses, all forbs,
and all species), a-diversity, and PD were tested with
t tests for the July 1990 data, and with ANOVAs for
all subsequent sample dates. Data from treatment 1 and
2 plots for July 1990 at each site were combined prior
to analysis, since at this time only one urine treatment
had been applied to both sets of plots. Significance for
all statistical tests throughout this paper is at the 0.05
% level unless otherwise indicated.

Experiment 2

Preliminary results from the 1st yr of data collection
indicated that the number of plots per treatment was
insufficient to test for treatment effects on individual
species. Also, inconsistencies in species response to
urine treatment at the 2-yr burn site appeared related
to variation in soil depth among plots. In particular, the
C, grasses tended to respond positively to urine treat-
ment on relatively deep soils but negatively on shallow
soils, likely because shallow soil sites became droughty
early in the growing season. Because of these problems,
a second, one-season experiment was initiated in 1991
at KPRNA on an annually burned low terrace with
relatively deep Florence soil and lacking in obvious
vegetation gradients. An annually burned site was se-
lected for Experiment 2 because of the limited amount
of space made available at KPRNA.

Data collection and analysis.—Urine treatments
were the same as used in Experiment 1 but the number
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TABLE 2. Multi-response permutation procedures (MRPP)
test statistics comparing species composition among one
and two urine treatments and controls within each study
site for six sample dates (Experiment 1) using canopy cover
data. More negative test statistics indicate greater differ-
ences among treatments.

Date 2-yr burn 4-yr burn Niobrara
Jun 1990 0.789 -1.014 -0.620
Jul 1990 0.705 —2.119% —0.937
Aug 1990 —0.634 —2.095* —2.506*
May 1991 -0.119 —6.567%* —2.251%*
Jul 1991 0.986 —8.306%* —3.097**
Sep 1991 1.307 —3.572%* -0.579

*P = 0.05, ** P =< 0.01, n = 10 for all treatment and
control plots.

of plots per treatment was increased to 50. Plots were
arranged in a rectangular 5-m grid pattern to which
treatments were randomly applied in mid-May and
mid-July 1991. Canopy cover was visually estimated
prior to urine applications in May and July and again
in early September in the same cover classes as used
in Experiment 1. Graminoid species were clipped to 5
cm in height to simulate grazing in 25 plots per treat-
ment following canopy cover estimation and prior to
the second urine treatment in July. All species were
clipped to 5 cm in height in all plots following cover
estimation in September. Clipped herbage was col-
lected, air dried, sorted by species, oven dried for 24
h at 65°C, and weighed.

Treatment effects on community composition were
tested with MRPP and PD using canopy cover data as
in Experiment 1. Alpha-diversity was calculated with
actual canopy cover data rather than relative values.
Differences in functional group and individual species
abundance were assessed using biomass for graminoids
in July and for all species in September, but as canopy
cover for forbs in July, because forbs were not clipped
at the July sample date. Prior to statistical analysis of
the July diversity and abundance data the values for
treatment 1 and 2 plots were combined as in Experi-
ment . Differences between urine treated and control
plots were determined by ¢ tests for July diversity and
abundance data. Differences in diversity and abun-
dance among urine treatments and between clipping
treatments were compared using ANOVAs for Septem-
ber data.

RESULTS
Experiment 1

Community composition.—We found no significant
differences in community composition (MRPP) among
treatment groups at any site prior to urine application,
or at the 2-yr burn site at any time following urine
treatments (Table 2). There were significant treatment
effects on composition in several subsequent sample
periods at the 4-yr burn and Niobrara sites (Table 2).
Differences peaked in July 1991 at both sites as indi-
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FiG. 1. Percent dissimilarity among plots within urine

treatments at (A) the 2-yr burn, (B) the 4-yr burn, and (C)
the Niobrara site (Experiment 1). Significant differences
among treatments on the same date are indicated by different
letters (¢ test for July 1990, ANOVA for all other dates, P =
0.05). T1 = one urine treatment (n = 10), T2 = two urine
treatments (n = 10), Control (n = 10).

cated by the most negative MRPP test statistics (Table
2).

There were significant differences in percent dissim-
ilarity (PD, B-diversity) among the three treatment
groups prior to urine application at the 2- and 4-yr burn
sites (Fig. 1a, b). PD varied widely in subsequent sam-
ple periods at the 2-yr burn site with no seasonal pattern
or consistent relationship to urine treatment. Plots of
PD values among treatments at the 4-yr burn site dis-
played similar patterns but diverged during the course
of the study. PD values at this site were greatest on
control followed by treatment 1, then treatment 2 plots.
At the Niobrara site PD increased on all plots during
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the course of the study (Fig. 1C) but was greatest on
treatment 2 plots in all but the initial and final sample
periods.

Alpha diversity was little affected by urine treatment
at the 2-yr burn site. The only significant response to
urine treatment was in August 1990 when Shannon-
Weiner diversity was greater on treatment 1 plots rel-
ative to treatment.2 and control plots (Fig. 2a—c). Both
richness and Shannon-Weiner diversity decreased with
treatment at the 4-yr burn site (Fig. 2d—f), while even-
ness was not affected by treatment. Richness increased
on treatment 2 plots at the Niobrara site, but signifi-
cantly so in only two of five sample periods (Fig. 2g—
i). Evenness decreased on treatment 2 plots at the Ni-
obrara site but the only significant response was in May
1991. Shannon-Weiner diversity was not affected by
treatment at the Niobrara site.

Functional group response.—We analyzed urine
treatment effects on canopy cover for four plant func-
tional groups: C; graminoids, C, graminoids, all gra-
minoids, and all forbs. C, grasses averaged 82% of total
graminoid cover, and thus their response to urine treat-
ment closely paralleled that of total graminoid cover
at all study sites. In addition, C; graminoid cover was
not affected by urine treatment at any site or date.
Therefore, we present results for total graminoid and
total forb cover only.

Graminoid response to urine treatment varied among
study sites. Graminoid cover was not affected by urine
treatment at the 2-yr burn site at any sample date (Fig.
3a). Urine treatment reduced graminoid cover at the
4-yr burn site in both July and September 1991 (Fig.
3b). In contrast, graminoid cover increased with urine
treatment at the Niobrara site on all post-treatment sam-
ple dates (Fig. 3c).

Forb cover increased with urine treatment at the
2-yr burn site in July and September 1991 (Fig. 3d),
and at the 4-yr burn site in August 1990 and in all 1991
sample dates (Fig. 3e). Three common perennial forb
species: Aster ericoides, Ambrosia psilostachya, and
Artemisia ludoviciana accounted for most of the in-
crease at the 4-yr burn site. There was no significant
treatment effect on forb cover at the Niobrara site dur-
ing the course of the study (Fig. 3f).

Experiment 2

Community composition.—There were no significant
differences in community composition among plots as-
signed to treatment groups prior to the May treatment
application (Table 3). Community composition was sig-
nificantly affected by urine treatment at both the July
and September sample dates. Because MRPP has no
multiple comparison procedure analog, we performed
two-way comparisons for September data using MRPP
between all urine/clipping treatment combinations (15
total), as recommended by Zimmerman et al. (1985).
All comparisons between clipped and unclipped treat-
ments were significant regardless of urine treatment
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(Table 3), likely because of greatly reduced graminoid
cover on clipped plots. Composition on both unclipped
treatment 1 and 2 plots was significantly different from
that on unclipped control plots, while only clipped
treatment 2 plots were significantly different from
clipped control plots (Table 3). '

There were small but significant differences in per-
cent dissimilarity (PD, B-diversity) among treatment
groups in May prior to urine application (Fig. 4). PD
decreased on all treatments between May and July,
though, on average, the decrease was greater on urine-
treated plots. PD increased between July and Septem-
ber for all clipped treatments. For both clipped and
unclipped plots the greatest increase in PD between

July and September was on treatment 2 plots. For all
urine treatments, PD was greater on clipped plots than
on the corresponding unclipped plots, and significantly
so for all but control plots.

Neither richness, evenness, nor Shannon-Weiner di-
versity were significantly different among plots assigned
to treatment groups in May prior to urine application
(Fig. 5). Both urine treatment and clipping reduced
a-diversity. In July both Shannon-Weiner diversity and
evenness but not richness were significantly lower on
urine-treated than on control plots (Fig. 5b and c). In
September all three parameters decreased significantly
with both urine treatment and clipping. The species lost
following urine treatment varied unpredictably among
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plots but were generally forbs with low initial abundance
values on the plots from which they were lost. In con-
trast, species lost following clipping tended to be grass
species with initially low abundance values.

Species and guild abundance.—There were no sig-

TaBLE 3. MRPP statistics of community composition for all

. Treatments are as indicated in Fig. 1.

nificant differences in the percent cover of common
graminoid or forb species or of all graminoid or forb
species combined among plots assigned to the various
treatment groups in May prior to treatment application
(ANOVA, P = 0.05). Nine graminoid species occurred

two-way comparisons among urine/clipping treatment com-

binations in September using canopy cover data. More negative test statistics indicate greater differences among treatments.

T1C T2C CCL TINCL T2NCL
T2CL —1.40
CCL —1.47 —3.18%
TINCL —27.11% —27.30% —25.68*
T2NCL —22.20%* —22.89% —21.29% —1.48
CNCL —24.00%* —24.52% —21.37* -6.71% —5.06*

* P = 0.01, n = 25 for each treatment in all comparisons. T1 = one urine treatment, T2 = two urine treatments, C =

Controls, CL = Clipped, NCL = Not Clipped.
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in a sufficient number of plots in July to test for treat-
ment effects on biomass. Of these, A. gerardii, B. cur-
tipendula, and S. nutans, as well as all graminoids com-
bined, had significantly greater biomass on treated
compared to control plots (Fig. 6). All except S. nutans
had approximately double the biomass on treated com-
pared to control plots. This trend continued on unclip-
ped plots into September when A. gerardii, B. curti-
pendula, Eragrostis spectabilis, S. nutans, and all
graminoids combined again had approximately double
the biomass on treated compared to control plots (Fig.
7a). In contrast, on clipped plots, the biomass of A.
gerardii, B. curtipendula, and S. asper, and all grass
species combined was significantly greater on control
and treatment 1 plots than on treatment 2 plots (Fig.
7b). Note that little growth of graminoids occurred on
either clipped or unclipped plots between July and Sep-
tember (Fig. 7b and compare Figs. 6 and 7a).

Percent change in canopy cover was used to assess
forb response to treatment in July as forbs were not
clipped at that time, while biomass was used in Sep-
tember. There were no differences in total forb cover
in July or total forb biomass in September among urine
or clipping treatments (Fig. 8). Nine forb species oc-
curred in enough plots to perform statistical tests but
few responded to urine treatment. Physalis pumila had
a marginal increase in cover on treated relative to con-
trol plots in July (mean increase in cover on treated
plots = 80%, on control plots = 13%, n = 13, P =
0.07, ¢t test). In September, A. psilostachya had signif-
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icantly greater biomass on clipped treatment 2 plots
than on either clipped treatment 1 or control plots, and
Aster oblongifolius had significantly greater biomass
on unclipped treatment 2 and control plots than on
unclipped treatment 1 plots.

DiscussioN

Urine treatment formed distinct patches on the prai-
rie landscape recognizable at the community, guild, and
individual species levels. Graminoid and total produc-
tion increased in response to urine treatment at the
annual burn and Niobrara sites, mostly as a result of
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Fic. 5. Alpha-diversity at the annual burn site (Experi-
ment 2). Significant differences among treatments on the same
date are indicated by different letters (¢ test for July, ANOVA
for September, P = 0.05, n = 25 for each treatment and
control group). § = species richness, H' = Shannon-Weiner
diversity. Treatments as in Table 3.
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graminoids combined (n = 50/25).

increased C, grass production. Forb production in-
creased on urine-treated plots at the 2- and 4-yr burn
sites, especially in the second season following appli-
cation, which was a drier than average year. A few
common perennial forb species accounted for the in-
crease at the 4-yr burn site, while a wide variety of
forbs increased at the 2-yr burn site. The variable re-
sponses of species and guilds to urine treatment among
study sites appears linked in a complex manner to site
environmental characteristics and disturbance history.

Our results contrast with those of most studies of
small-scale disturbance in grassland communities (e.g.,
animal mounds [Platt 1975, Foster and Stubbendieck
1980, Gibson 1989] or harvester ant mounds [Coffin
and Lauenroth 1990, Urbanhower 1992]). Such distur-
bances often result in a reduction or removal of estab-
lished, competitive, plant species and replacement by
successful colonizers (Platt 1975). Thus moderate lev-
els of disturbance may increase species diversity by
providing habitats for both late and early successional
species (Connell 1978). In contrast, on urine patches,
N levels are naturally increased but the vegetative
structure is left initially intact. Thus vegetation dynam-
ics on urine patches are likely driven by the ability to
compete for N rather than colonizing ability. However,
the focus of competition may shift if increases in bio-
mass following N addition limit availability of other
resources (e.g., light, water [Tilman 1985]). In this
study, species characteristic of mature prairie (e.g., A.
gerardii, A. ericoides) increased in abundance on urine
patches. Late successional grasses, in particular, have
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been shown to be strong competitors for N (Tilman and
Wedin 1991).

Fertilization of grasslands often results in an increase
in the abundance of C; relative to C, species (Owensby
et al. 1970, Day and Detling 1990). In this study, C;
and C, species response to urine treatment varied
among sites and appears to be mediated by site dis-
turbance history. The principal disturbance is fire at
KPRNA and gopher mounds at NVP (Steuter et al., in
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(ANOVA, P = 0.05) biomass response to urine treatment and
total graminoid biomass on unclipped (A) and clipped (B)
urine-treated and control plots at the annually burned site in
September (Experiment 2). Treatments as in Fig. 1. Species
names as in Fig. 6 and ERSP = Eragrostis spectabilis, SPAS
= Sporobolu:s asper. ANGE (n = 25/25-24/23-25/25 for un-
clipped/clipped treatment 1, treatment 2, and control plots,
respectively), BOCU (n = 25/22-24/21-24/23), ERSP (n =
4/Ns-3/Ns-5/Ns), SONU (n = 17/9-15/8-17/6), SPAS (n =
Ns/11-Ns/10-Ns/16), NS = non-significant response in treat-
ment group.
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press), both of which reduce litter and standing veg-
etation. The resulting increase in light and temperatures
at the soil surface (Hulbert 1969, Rice and Parenti
1978, Knapp 1984) favors C, grasses. Without distur-
bance, litter buildup increases shading and lowers soil
temperatures, which favors C, species (Weaver and Ro-
land 1952, Cristie and Detling 1982, Knapp and Seas-
tedt 1986). Eventually production is predicted to be-
come light-limited on undisturbed prairie and to
increase little following nutrient addition (Knapp and
Seastedt 1986). In this study, production of C, species
increased on urine-treated plots at the annual burn site,
which was the only site burned in the year of urine
application and at the Niobrara site. However, C, pro-
duction increased at the 4-yr burn site, especially in
the 2nd yr following urine application, which was the
3rd yr since the site was last burned. Therefore, the
results of this study suggest that N is a limiting nutrient
on both burned and unburned prairie, but that the func-
tional group which responds to N addition is deter-
mined by litter-mediated light and temperature regimes.

We predicted that species richness would be reduced
on highly productive sites (e.g., urine patches) (Grime
1973, Huston 1979, Wilson and Shay 1990, Tilman and
OIff 1991) because of increased competition for re-
sources other than N (e.g., light). In accordance with
our prediction, richness decreased on urine patches at
the annual burn site where graminoid but not forb pro-
duction increased, and at the 4-yr burn site where forb
but not graminoid production increased. However, both
production and richness increased on urine patches at
the Niobrara site. Sparsely distributed vegetation at this
site may have minimized competitive interactions
among species despite increased production.
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Urine treatment increased percent dissimilarity (PD,
B-diversity) among plots at the annual burn and Nio-
brara sites, perhaps by enhancing initial differences
caused by local species rarity (Glenn and Collins 1992).
At the 4-yr burn site PD was relatively stable on urine-
treated plots but increased during the course of the
study on control plots. Urine treatment effects on plant
diversity appear scale dependent (Glenn et al. 1992),
since changes in a-diversity and B-diversity (PD) at a
given study site were not necessarily uni-directional.

Moderate levels of grazing have been shown to in-
crease diversity in tallgrass prairie (Collins 1987, Col-
lins and Glenn 1988). In this study, a single July
clipping of graminoids at the annual burn site reduced
a-diversity but increased PD at the September sample
period. However, our clipping treatment did not include
other impacts of grazers, e.g., trampling (Wallace 1987)
or wallowing (Collins and Uno 1983), which may in-
crease diversity by providing establishment sites for
ruderal species. The increase in PD in September on
clipped plots may have resulted from the decrease in
relative abundance of common C, grasses and an in-
crease in the relative abundance of forb species, which
varied substantially among plots. The increase in PD
was greatest among clipped urine-treated plots, indi-
cating that urine treatment compounded the effects of
clipping on species composition. Below-normal pre-
cipitation during the interval between clipping and
sampling may have contributed to low rates of species
establishment and limited resprouting of clipped gra-
minoids, especially on urine-treated plots, where salts
in the urine may have increased water stress.

Simulated bovine urine increased the dominance of
C, grass species, especially on recently burned sites
which are preferentially grazed by ungulates, including
bison (Shaw and Carter 1990, Vinton et al. 1993). The
positive response of C, grasses on urine patches may
provide a compensatory mechanism for the high levels
of herbivory that these species incur on burned sites.
However, urine patches are more likely to be grazed
than off-patch areas (Norman and Green 1958, Day and
Detling 1990, Jaramillo and Detling 19925). In a com-
panion study, we observed that simulated urine patches
and the areas immediately surrounding them in a re-
cently burned watershed at KPRNA experienced in-
creased herbivory by bison (Steinauer 1994). We also
noticed increased insect herbivory on urine-treated
plots (Heidorn and Joern 1987; E. M. Steinauer, per-
sonal observation). The combination of urine treatment
and grazing appears to impact vegetation to a greater
extent than either acting alone.

Urine patches produce a high intensity but short du-
ration nitrogen pulse in tallgrass and sandhills prairie,
which results in increased abundance of late succes-
sional species: C, grasses in sites recently burned or
with other canopy opening disturbances, or C; forbs in
undisturbed sites. Though species diversity was re-
duced on areas directly impacted by urine, the unique
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patches produced following urine treatment increased
overall heterogeneity. In addition, the increased like-
lihood of grazing on urine patches and the areas sur-
rounding them spreads the impact beyond the urine
patch boundary and has more profound effects on
small-scale patch dynamics in grasslands than do urine
patches alone.
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