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SHEEP BEDDING IN THE CENTENNIAL MOUNTAINS OF
MONTANA AND IDAHO: EFFECTS ON VEGETATION
Steven. S. Seefeldt1 and April B. Leytem2
ABSTRACT.—In summer, bands of sheep are grazed in western North American mountains. At night the sheep are concentrated into bedding areas. In the study area, each bedding area is only utilized by sheep for one night a year for 2 out
of 3 years. Vegetation in the bedding areas was compared to vegetation outside these areas. Both perennial forb cover
and total perennial cover were greater outside (48% and 61%, respectively) than inside (29% and 36%, respectively) the
bedding areas. Annual forb cover one year after sheep grazing was greater inside (17%) bedding areas than outside (5%).
Immediately after sheep bedding, total forb cover was greater outside the bedding areas. Forb and grass biomass were
greater outside the bedding areas compared to inside. Total vegetation biomass outside (240 g ⋅ m–2) the bedding areas
was more than double the amount inside (86 g ⋅ m–2) immediately after bedding. In the year after bedding, vegetation
biomass inside the bedding areas increased, but was still less than outside. Sheep bedding areas were not invaded by
nonnative plants. Sheep bedding reduced vegetation quantity and changed relative abundance of annual forbs. Vegetation
in the bedding areas was resilient to grazing impacts, and long-term use of sites in this ecosystem does not significantly
degrade vegetation.
RESUMEN.—En el verano, se pastorean manadas de ovejas en las montañas de Norteamérica. De noche se concentran en ciertas áreas de reposo. En el área de estudio, las ovejas sólo utilizan estos lugares 1 día al año en 2 de cada 3
años. Comparamos la vegetación en estas áreas de reposo con la vegetación fuera de ellas. La cobertura de plantas herbáceas perennes y la cobertura total de plantas perennes fueron mayores afuera (48% y 61%, respectivamente) que
adentro (29% y 36%, respectivamente) de las áreas de reposo. La cobertura de plantas herbáceas anuales un año después
del pastoreo de ovejas fue mayor adentro (17%) de estas áreas de reposo que afuera (5%). Inmediatamente después de que
las ovejas habían dormido en determinados lugares, la cobertura total de plantas herbáceas fue mayor fuera de estas áreas.
La biomasa de plantas herbáceas y gramíneas fue mayor fuera de estas áreas que dentro de ellas. La biomasa total de
vegetación fuera de las áreas donde duermen (240 g ⋅ m–2) fue más del doble de la biomasa total dentro de ellas (86 g ⋅ m–2),
inmediatamente después de que durmieron allí. El año después que durmieron en estas áreas, aumentó la biomasa de
vegetación dentro de ellas, pero aún así fue menor que afuera. Las áreas de reposo de las ovejas no se vieron invadidas
por plantas exóticas, pero en ellas se vio reducida la cantidad de vegetación y se cambió la abundancia relativa de
plantas herbáceas anuales. La vegetación en estas áreas se mostró resistente al impacto del pastoreo, y el uso a largo
plazo de sitios en este ecosistema no está degradando la vegetación de forma apreciable.

Sheep and lamb production is an important
industry in the state of Idaho, as it is in other
states and provinces in North America. During summer months in western North America, many bands of sheep are grazed in the
mountains. Sheep bands generally contain
1000 ewes with over 1000 lambs, and they are
accompanied by a shepherd with a horse and
dogs to move and protect them. At night the
sheep are concentrated in an area typically
less than 0.5 ha to guard them from theft and
predation. Bedding on high ground in concentrated groups is also part of their natural behavior (Bowns 1971). These sheep bedding areas
are often located on open sites with shallow
soils and few, if any, trees or shrubs (Knight

1994). Many of these sites are considered historic in that they have been bedded on for up
to a century. Consequently, vegetation adaptation to increased nutrients, utilization, and
trampling may have occurred.
There have been no published studies in
North America concerning the impact of sheep
bedding areas on vegetation diversity and vegetative biomass. However, as part of this research project, inputs of sheep bedding on soil
nutrients have been determined; specifically,
NO3–N, NH4–N, and total soluble nitrogen
increase after bedding and then decrease to
background levels after the following winter
(Leytem and Seefeldt 2008). Additionally, there
was a reduction in total carbon, nitrogen, and
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organic carbon and an increase in soluble phosphorous and nitrogen inside bedding areas
compared with outside bedding areas. In eastern Africa, the study of bomas, which are
somewhat equivalent to bedding areas, has
shown that, following abandonment, bomas
often support a unique plant community and
potentially alter the spatial pattern of nutrient
cycling within the ecosystem (Augustine 2003).
In northern Kenya, old bomas contained 6–9
times more soil nitrogen and phosphorus than
surrounding habitats and supported thickets
of regenerating umbrella thorn (Acacia tortilis
[Forssk.] Hayne; Reid and Ellis 1995). In southern Kenya, abandoned bomas were dominated
by a lawn of African bermudagrass (Cynodon
nlemfuensis Vanderyst) with enriched concentrations of nutrients in both soils and grasses
(Stelfox 1986). In these African environments,
abandoned bomas supported vegetation that is
beneficial to grazing and wild animals, whereas
the majority of the surrounding areas were
nutrient-poor and did not support as much
vegetative biomass. In the semiarid regions of
the northwestern United States, the impact of
sheep bedding areas on soil nutrient cycling
and vegetation may or may not be similar to
the bomas of eastern Africa, as these bedding
areas are used for much shorter periods of time.
There have been studies documenting the
impacts of sheep grazing pressure on vegetation
productivity and diversity (Craddock and Forsling 1938, Ellison 1954, Bowns and Bagley 1986,
Scimone et al. 2007), but these studies all involve many days of seasonal grazing at various
rates of intensity over a period of years, which
does not reflect the same type of usage that bedding areas receive. Because of the concentration
of sheep in bedding areas, more trampling and
breakage of vegetation would be expected. Earlier research conducted in the same grazing
range as this study and using confined sheep
determined that 14%–40% of vegetation loss
could be due to trampling (Laycock et al. 1972).
Our hypothesis is that long-term sheep bedding areas have a different vegetation community than adjacent areas. The objectives of this
study were to determine whether vegetation
cover, biomass, and species composition differ
between sheep bedding areas and adjacent
nonbedded areas; whether time since bedding
resulted in changes in vegetation composition
and biomass; and whether bedding areas were
susceptible to invasion by nonindigenous plant
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species. Understanding these impacts will assist
land managers in making informed decisions
concerning sheep grazing practices and the
use of bedding areas on rangelands.
STUDY AREA
This study was conducted in August and
September 2004 and in July and August 2005
in the summer range of the U.S. Sheep Experiment Station (USSES), which is located in the
Centennial Mountains of Montana and Idaho
(Fig. 1). Vegetation was measured on 11 longterm sheep bedding areas. Sheep used these
areas for one night in 2003, 2004, and/or 2005
(Table 1). Sheep band size in this study ranged
from 800 ewes with 1200 lambs to 900 ewes
with 1300 lambs. All sites were on mountain
ridges from 2380 m to 2570 m elevation.
The USSES summer-range grazing areas are
predominantly a tall-forb community (Buchanan
et al. 1972). In these higher elevation sites, the
predominant tree is lodgepole pine (Pinus contorta Douglas ex Louden var. latifolia Engelm.
ex S. Watson), with scattered Douglas-fir (Pseudotsuga menziesii [Mirb.] Franco var. glauca
[Beissn.] Franco) and Engelmann spruce (Picea
engelmannii Parry ex Engelm.). The ridge areas
where sheep bedding occurs are a mixed forb
and grass community. Plant species inside and
outside the bedding areas are listed in the
Appendix.
Precipitation averages 80 cm per year with
more than 50% falling as snow. Summer high
temperatures rarely reach 33 °C (Anonymous
1999). The soils in this area are not wellmapped, but consist mainly of forested Agric
Cryoborells, forested Typic Cryoborells, and
Typic Cryorthents (Youngblood et al. 1985).
According to our conversations with staff at
the USSES, all sites have been used for sheep
bedding for more than 50 years. There are 3
summer grazing allotments and 2 bands of
sheep using the USSES summer range. Sheep
grazing management is a rest rotation with 2
summers of sheep grazing following a year of
rest. Sheep grazing on these allotments occurs
during July and August. This level of management is slightly less intensive than the current
United States Forest Service sheep grazing
permit standards for the region, which state
that sheep bedding should only occur once
per year on any given site (Scott McCoy, personal communication).
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Fig. 1. Area of sheep bedding study in the Centennial Mountains of Montana and Idaho. 1 cm = 3.3 km.
TABLE 1. Sheep bedding and sampling information for sites studied in the U.S. Sheep Experiment Station summer
range in the Centennial Mountains of Idaho and Montana.
Sitea
2
3
4
5
6
7
8
9
10
13
14

Sheep on
2003 & 2005
2003 & 2005
2003 & 2005
2003
2003
2003
2003 & 2005
2003 & 2005
2004
2003 & 2004
2003 & 2004

Dates sampledb

Slope
(%)

Aspect

Elevation
(m)

Size
(ha)

19 Aug 2004 (1), 7 Jul 2005 (2), 30 Aug 2005 (0)
19 Aug 2004 (1), 7 Jul 2005 (2), 30 Aug 2005 (0)
1 Sep 2004 (1), 6 Jul 2005 (2), 30 Aug 2005 (0)
1 Sep 2004 (1), 6 Jul 2005 (2)
1 Sep 2004 (1), 6 Jul 2005 (2)
1 Sep 2004 (1), 6 Jul 2005 (2)
1 Sep 2004 (1), 6 Jul 2005 (2), 30 Aug 2005 (0)
1 Sep 2004 (1), 6 Jul 2005 (2), 30 Aug 2005 (0)
19 Aug 2004 (0), 7 Jul 2005 (1)
2 Sep 2004 (0), 7 Jul 2005 (1)
2 Sep 2004 (0), 7 Jul 2005 (1)

6–20
0–18
6–15
6–15
5–15
6–15
6–15
5–15
0–10
4–15
0–15

S & SE
NW & SW
E
NW
N
S
SE
N
NE
NW
SE

2399
2389
2547
2565
2416
2384
2394
2412
2440
2471
2467

0.09
0.32
0.32
0.12
0.14
0.28
0.31
0.26
0.08
0.21
0.10

a Site numbers correspond to sites in Leytem and Seefeldt (2008).
bNumber in parentheses is time (years) since sheep bedding.

METHODS
Eleven bedding sites were selected for this
study based on ease of access and timing of
sheep bedding. In 2004, all sites were sampled after the grazing season although not all

sites were bedded on. In 2005, all sites were
sampled before sheep bedding, and those sites
that sheep bedded on were sampled again
within 2 weeks of bedding (Table 1). Sampling
conducted soon after sheep bedding was considered year 0. Sampling conducted one year
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TABLE 2. Probability of a greater F test statistic for the influence of time since sheep bedding (repeated measure), location
(inside and outside bedding area), and the time × location interaction on cover of plant functional types on the U.S. Sheep
Experiment Station summer range in the Centennial Mountains of Idaho and Montana.
Source

_______________________________________________________

Mean cover (SE)a
_________________________________________

Effect

Time

Location

Time × Location

Inside area

Outside area

Perennial forb
Annual forb
Total forb
Perennial grass
Total perennial
Shrub

0.762
0.163
0.700
0.125
0.482
0.907

0.009
0.038
0.104
0.024
0.001
0.994

0.82
0.003
0.041
0.231
0.146
0.268

2.27 (0.13)
1.77 (0.12)
2.63 (0.06)
1.09 (0.10)
2.43 (0.08)
0.36 (0.18)

2.58 (0.13)
1.56 (0.11)
2.70 (0.06)
1.38 (0.12)
2.74 (0.07)
0.36 (0.20)

aNumbers are from arcsine square-root transformed data.

after the sheep bedding event was considered
year-1 sampling, and in cases where the allotment was rested for a year, a year-2 sampling
occurred before the next sheep bedding event.
The perimeter of each site was mapped using
a Trimble GeoXT GPS unit (Trimble Navigation
Limited, Sunnyvale, CA). The perimeters of
these bedding areas are distinct, with a sharp
change in vegetation usually occurring within
1 m. At each site, 3 quadrats (30 × 60 cm) were
randomly located inside the bedding area. Three
additional quadrats were placed outside the bedding area in locations that were 10–20 m away
from the perimeter but at similar elevations,
aspects, and soil types. Randomization was
achieved by tossing the plot frame. Data collected before bedding (years 1 and 2) included
the cover for each plant species and biomass of
forbs and grasses. Visual estimates of percent
cover (+
– 5%) were determined for each plant species, bare ground, litter, and rock. All plants
within a quadrat were clipped at ground level,
separated into forb or grass fractions, dried at
60 °C for 2 days, and weighed. Data collected
1–2 weeks after sheep bedding (year 0) were
similar to the data collected before bedding,
except that cover of plants was estimated by
functional grouping (annual forb, perennial forb,
perennial grass, or shrub) because species identification was not possible for most plant species.
For the analyses, the quadrat was the experimental unit (n = 48 for year 0 and 2, n = 66 for
year 1; Table 1). After an arcsine square-root
transformation of cover data and a squareroot transformation of the biomass data, the distribution of model residuals did not deviate significantly from normality based on the Shapiro–
Wilk statistic (SAS Institute, Inc., Cary, NC
[2004]). The sites were up to 30 km from each
other, resulting in differences in elevation, soils,
and aspect. A randomized block design was

used with site as the block. Location (inside or
outside the bedding area), time since bedding,
and the time × location interaction were the
independent variables (fixed effects), and time
since bedding was a repeated measure. Data
were analyzed using MIXED procedures of SAS
(SAS Institute, Inc., Cary, NC [2004]), with site
as a random variable.
Annual grass was not included in the functional group analyses for cover due to its low
frequency. Although cover data were collected
for individual plant species before bedding, cover
analyses were not conducted at the species level
because assumptions of normality could not be
met. The groups analyzed were perennial forb,
annual forb, perennial grass, and shrub. For
additional analyses, the above groups were combined into total forb and total perennial cover.
Biomass functional groups for analyses were
forb, grass, and total. Except for Tables 1 and 2,
means and standard errors are presented in
measured units, although mean separation tests
were performed on transformed data. Speciesbased cover values, when combined into functional groups, increase the percent cover compared to a visual estimate of the aerial cover of
the functional groups alone, because the cover
values of understory plants are ignored. In a
study such as this, where species succession is
important, ignoring the cover of these developing plants could lead to incorrect conclusions
(Lavorel et al. 2008). Additionally, the sum of
species cover values in quadrats in this study
rarely reaches 75%, indicating that the majority
of the cover was from overstory plant material.
RESULTS
Cover
Perennial forb cover was greater outside
than inside sheep bedding areas (Table 2). On

Annual
forb (%)
cover (%)
Cover
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Fig. 2. Change in annual forb cover inside (dashed line)
and outside (solid line) historic sheep bedding areas of the
U.S. Sheep Experiment Station summer range over time.
Error bars represent standard error.
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Fig. 3. Change in total forb cover inside (dashed line) and
outside (solid line) historic sheep bedding areas of the U.S.
Sheep Experiment Station summer range over time. Error
bars represent standard error.

average there was 48% (SE = 5.7) perennial
forb cover outside compared to 29% (SE =
5.7) inside.
The time × location interaction for annual
forb cover was significant (Table 2, Fig. 2).
Sheep consumed or trampled most of the annual forb component inside and outside the
sheep bedding areas. Annual forb cover, which
was measured soon after sheep bedding, decreased from about 10% to 3% (Fig. 2). At year
0, the only 2 annual forb species found in more
than one plot and both inside and outside the
bedding areas were basin nemophila (Nemophila breviflora A. Gray) and Douglas’ knotweed
(Polygonum douglasii Greene). One year after
sheep bedding, annual forb cover increased
inside the bedding areas and then remained at
that level in the second year; whereas, outside
the bedding areas in the first and second year
after bedding, annual forb cover increased
slowly. The first year increase in annual forb
cover inside the sheep bedding area after
sheep bedding was not tied to an increase in
the number of annual forb species inside the
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sheep bedding areas compared to outside.
There were 11 annual forb species inside the
bedding areas and 11 outside. The dominant
annual forb species inside and outside the bedding areas one year after bedding were Douglas’ knotweed and tiny trumpet (Collomia linearis Nutt.). One additional abundant annual
forb species found inside, but not outside, the
bedding areas was unpalatable mountain tarweed (Madia glomerata Hook.). The second
year after bedding, annual forb cover inside
and outside the bedding areas was similar.
Three annual forb species were no longer apparent inside and 5 annual forb species were
no longer apparent outside the bedding areas.
However, flatspine stickseed (Lappula occidentalis [S. Watson] Greene) appeared both
inside and outside the bedding areas. Tiny
trumpet was the dominant annual forb species
in both areas 2 years after bedding.
The time × location interaction for total
forb cover was significant (Table 2, Fig. 3).
Immediately after sheep bedding, total forb
cover inside the bedding areas was half the
amount measured outside the bedding areas.
In the first and second year after bedding, the
forb cover component was similar both inside
and outside the bedding areas.
Perennial grass cover was greater outside
(10%, SE = 1.1) the bedding area compared
to inside (5%, SE = 1.6; Table 2). Total perennial cover was also greater outside bedding
areas (61%, SE = 5.0) compared to inside (36%,
SE = 5.1; Table 2). Shrub cover was the same
across time and location (Table 2), averaging
2.5%.
Biomass
Forb biomass was greater outside (178 g ⋅
m–2, SE = 13) than inside (112 g ⋅ m–2, SE =
13) the sheep bedding areas (Table 3, Fig. 4).
Forb biomass increased at similar rates inside
and outside the bedding areas the first year
after bedding and then declined at similar
rates the following year. The time × location
interaction for grass biomass was significant
(Table 3, Fig. 5). Sheep bedding reduced grass
biomass inside the sheep bedding areas to
<25% of outside biomass. A year later there
was 50% less grass biomass inside, but by the
second year, grass biomass was similar inside
and outside the bedding area. The time ×
location interaction for total biomass was significant (Table 3, Fig. 6). Within 2 weeks after
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TABLE 3. Probability of a greater F test statistic for the influence of time since sheep bedding (repeated measure), location
(inside and outside bedding area), and the time × location interaction on biomass of plant functional types on the U.S. Sheep
Experiment Station summer range in the Centennial Mountains of Idaho and Montana.
Source
______________________________________________

Mean cover (SE)a
_______________________________

Effect

Time

Location

Time × location

Inside area

Outside area

Forb
Grass
Total

<0.001
0.044
<0.001

<0.001
0.002
<0.001

0.265
0.042
0.007

4.18 (0.25)
1.53 (0.23)
4.59 (0.20)

5.18 (0.25)
2.33 (0.23)
6.07 (0.20)

Total forb biomass (g ⋅ m−2)

Total plant biomass (g ⋅ m−2)

aNumbers are from square-root transformed data.

Years since sheep bedding

Fig. 4. Change in total forb biomass inside (dashed line)
and outside (solid line) historic sheep bedding areas of the
U.S. Sheep Experiment Station summer range over time.
Error bars represent standard error.

Years since sheep bedding

Fig. 6. Change in total plant biomass inside (dashed line)
and outside (solid line) historic sheep bedding areas of the
U.S. Sheep Experiment Station summer range over time.
Error bars represent standard error.

Total grass biomass (g ⋅ m−2)

Plant Species

Years since sheep bedding

Fig. 5. Change in total grass biomass inside (dashed line)
and outside (solid line) historic sheep bedding areas of the
U.S. Sheep Experiment Station summer range over time.
Error bars represent standard error.

bedding, total plant biomass inside the bedding areas was nearly a third of that outside
the bedding areas. Total plant biomass doubled inside the bedding areas the first year
after bedding but did not increase outside the
bedding areas. In the second year, total biomass declined 20% inside and outside the
bedding areas. At all times, total biomass was
less inside the bedding areas than outside.

Four nonnative plant species were identified in this study. Smooth brome (Bromus inermis Leyss.) was identified inside 2 and outside
5 sheep bedding areas. It had <1% cover in
year 0 and increased to 2.5% and 6% in years
1 and 2, respectively. Smooth brome is widely
planted throughout the region and is considered a desirable forage species. Kentucky bluegrass (Poa pratensis L.) consisted of 2–5 plants
found in one quadrat outside a bedding area
2 years after bedding. Common dandelion
(Taraxacum officinale F. H. Wigg.) consisted of
a single plant found in 6 quadrats and was
evenly split between inside and outside the
bedding areas 1–2 years after bedding, with
<1% cover. Common dandelion is widespread
in the area, and no increased concentration of
this species was observed inside the bedding
area. Cheatgrass (Bromus tectorum L.) was
found in one quadrat inside the bedding area
one year after sheep bedding.
Although we were not able to analyze the
composition of perennial forb and grass species,
it appeared that there were 2 more plant species
per plot outside the bedding areas compared to
inside the bedding areas. Of all the perennial
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grass and forb species, the only plant species
that was more abundant inside (40 sample plots)
the bedding areas compared to outside (17
sample plots) was Wyeth biscuitroot (Lomatium
ambiguum [Nutt.] J.M. Coult. & Rose).
DISCUSSION
Perennial Forb Cover
Throughout the cycle of grazing and rest,
the perennial forb cover was less inside than
outside the sheep bedding areas. As perennial
forb cover typically accounts for over half the
cover in this research area, the reduction in this
component makes identification of the boundary of the sheep bedding areas easily discernible. However, the reduction in cover was not
reflected in a difference in plant species composition (Appendix), even though there was an
expectation that the higher grazing pressure and
increased trampling inside the sheep bedding
areas would result in a loss of the highly preferred plant species and an increase in grazing
and disturbance-tolerant perennial forb species.
Annual Forb Cover
Sheep bedding areas are classic ruderal sites,
sensu Grime (1979), with high levels of disturbance and low levels of environmental stress.
The annual forb species that responded positively 1 or 2 years following sheep grazing are
native species that possess the characteristics
of ruderal plants (Grime 1979). Douglas’ knotweed, for example, has been observed to respond rapidly the first year after fire in both
mountain big sagebrush (Artemisia tridentata
Nutt.) and threetip sagebrush (Artemisia tripartita Rydb.) ecosystems (Harniss and Murray
1973, Seefeldt and McCoy 2003, Seefeldt et
al. 2007) and to also respond rapidly to disturbances such as those caused by pocket gophers
(Ellison 1946, Ellison and Aldous 1952). Flatspine stickseed populations increased in the
second year after bedding, when these sites
would be bedded on again. This appearance of
flatspine stickseed may be part of a natural
selection process, because the plant has a spiny
seed that readily attaches to sheep wool, resulting in transport to other bedding areas (Whitson et al. 1996).
Total Forb Cover
Our measured grazing pressure on annual
and perennial forbs highlights sheep preference
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or forbs during the summer grazing season
(Pickford and Reid 1943, Stevens 1966, Laycock et al. 1972, Olson 1999). The increase of
grazing pressure and trampling in the sheep
bedding areas is reflected in the overall reduction of total forb cover inside compared with
outside the sheep bedding areas, and in the
temporary reduction of total forb cover inside
the bedding areas just after bedding (Fig. 3). On
high-elevation Montana rangeland, summer
sheep diets were 70% forbs (Stevens 1966).
Similarly, Pickford and Reid (1943) determined
that the diets of sheep on subalpine summer
range in northeastern Oregon were 66% forbs,
33% graminoids, and 1% browse. In a study
that measured the botanical composition of diet
using sheep with an esophageal fistula, forbs
were 84% of the diet (Laycock et al. 1972).
These summer rangelands provide high-quality
forage as evidenced by consistent lamb weight
gains from 1 July to 7 September at the
USSES summer range. These weight gains
averaged 215 g ⋅ day –1 over a 4-year period (Q.
Jacobsen personal communication). Although
there were some species differences in annual
forbs in the first and second year after bedding, there were no differences in the numbers
of perennial forb species, and total forb species
were the same inside and outside the bedding
areas. The forb community in this area seems
to be quite resistant to current grazing pressure,
unlike the heavily sheep-grazed pastures described near Cedar City, Utah (Ellison 1954,
Bowns and Bagley 1986), where a previously
forb-dominated range was converted to a grassdominated range. After years of heavy, seasonlong grazing, many of the higher-preference
forbs, and those not resistant to grazing pressure,
were quite rare compared to their abundance on
adjacent cattle-grazed allotments.
Perennial Grass Cover
Our visual estimation of perennial grass cover
was not precise enough to determine differences between inside and outside the sheep
bedding areas. Recovery rates of grasses after
defoliation correlated with the availability and
activity of meristems following defoliation and
the interaction of environmental variables and
resources (Richards and Caldwell 1985). In this
study, the remnant cover of perennial grass
was similar inside and outside the bedding
area. However, an increase in the number of
sheep per unit area combined with the time
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the sheep were inside the bedding areas could
have resulted in increased damage to perennial grass meristematic tissues inside compared
to outside the bedding areas. At the same time,
inside the bedding areas the year after sheep
bedding, fertility increased due to the presence of the sheep (Leytem and Seefeldt 2008).
This fertility could have increased or decreased
perennial plant growth depending on nutrient
concentration. The composition of perennial
grass species was the same inside and outside
the bedding areas.
Shrub Cover
Shrubs were a minor component inside
and outside the sheep bedding areas. There
were 6 shrub species measured (Appendix).
Sheep will consume brush, especially later
in the autumn when other vegetation has
senesced (Bork et al. 1998, Snowder et al. 2001).
And some brush species, such as sagebrush,
have branches that are easily broken when
bent, especially when temperatures are below freezing (Seefeldt 2005). The increase in
sheep density inside the bedding areas could
result in increased opportunities for branch
breakage, resulting in decreased brush cover.
However, sheep bedding occurred before
autumn senescence and freezing temperatures.
Overall Perennial Cover
Perennial species are the dominant plant
cover component in this ecosystem. Long-term
sheep bedding has resulted in a decrease in
perennial cover inside compared to outside the
sheep bedding area. This reduction of cover
was not associated with a change in perennial
plant species, in contrast to results from research on bomas in Africa (Augustine 2003). In
bomas, animals are penned for protection at
nights and they will use these pens for an
entire grazing season, resulting in considerably
more utilization and fertilization than occurred
in this study.
Plant Biomass
Plant biomass inside and outside the bedding areas increased one year after sheep
bedding, then declined slightly in the second
year. Although plant biomass inside the sheep
bedding areas was less than plant biomass outside, the difference between them was less in
the first and second years than immediately
after sheep bedding. The increase in biomass
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inside the bedding areas the first year after
sheep bedding may be a reflection of the increased annual forb component, and/or it may
be due to a response to an increase in nutrients derived from urine and manure that results in larger plants, increased germination,
or greater seedling establishment (Leytem and
Seefeldt 2008). The second-year decline in biomass was probably an artifact of an earlier
sampling date, which occurred well before peak
biomass. If biomass samples had been taken at
the end of August, then second-year biomass
amounts might be equal to, if not greater than,
those of the first year.
Plant Species
Even though the sheep used in this study
have exposure to over 20 nonnative plant species during spring grazing on the Upper Snake
River Plain, few of these species have seeded
before the sheep head to the mountain ranges.
In this study, there is no evidence that sheep
are spreading nonnative plant species to these
high mountain pastures. In the Centennial
Mountain range, cheatgrass, Canada thistle (Cirsium arvense [L.] Scop.), leafy spurge (Euphorbia esula L.), and spotted knapweed (Centaurea stoebe L.) are found at these elevations,
but typically they occur along roads (improved
and unimproved) and railroads.
The recovery of vegetation inside the bedding areas appears to follow a transition that
is somewhat similar to transitions occurring
in other disturbed ecosystems in the area—
namely, a flush of annual forbs followed by
growth of vegetation more similar to that of lessdisturbed areas (Seefeldt and McCoy 2003).
This research is the first detailed study explicitly examining the impact of sheep bedding
on vegetation dynamics; therefore, generalizations are limited, or cannot be made.
Conclusions
We were able to determine that sheep bedding reduced the quantity of vegetation inside
the bedding areas compared to vegetation outside the bedding areas; that there was a differential response of annual forbs and total forbs
in the first and second year after bedding inside and outside the sheep bedding areas and
among the bedding areas; and that these bedding sites were not invaded by nonindigenous
plant species. After 2 years, there remained a
difference in vegetation biomass inside the
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bedding areas compared to outside the areas.
There was an increase in annual forb cover
and biomass inside the bedding areas the first
year after sheep bedding, and an increase in
total forb cover the first year after sheep bedding. However, it appears that, although sheep
bedding reduces vegetation quantity and
changes the relative abundance of annual forbs,
it does not result in nonnative plant invasions.
It appears that long-term use of these sites as
sheep bedding areas in this ecosystem is not
significantly degrading the vegetation.
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Native annual forbs
Chenopodium fremontii S. Watson
Collinsia parviflora Lindl.
Collomia linearis Nutt.
Cordylanthus ramosus Nutt. Ex Benth.
Descurainia pinnata (Walter) Britton
Floerkia proserpinacoides Willd.
Gayophytum racemosum Torr. & A. Gray
Lappula occidentalis (S. Watson) Greene
Madia glomerata Hook.
Nemophila breviflora A. Gray
Polygonum douglasii Greene
Native perennial forbs
Achillea millefolium L.
Agastache urticifolia (Benth.) Kuntze
Agoseris glauca (Pursh) Raf.
Antennaria luzuloides Torr. & A. Gray
Arabis drummondii A. Gray
Arabis holboellii Hornem.
Arenaria congesta Nutt.
Artemisia ludoviciana Nutt.
Asclepias engelmanniana Woodson
Astragalus miser Douglas ex. Hook.
Calochortus eurycarpus S. Watson
Calochortus nitidus Douglas
Castilleja linariifolia Benth.
Claytonia lanceolata Pall. Ex Pursh
Clematis hirsutissima Pursh
Delphinium bicolor Nutt.
Delphinium glaucescens Rydb.
Delphinium occidentale Wats.
Eriogonum heracleoides Nutt.
Eucephalus engelmannii (D.C. Eaton) Greene
Eurybia integrifolia (Nutt.) G.L. Nesom
Fritillaria pudica (Pursh) Spreng.
Geranium viscosissimum Fisch. &
C.A. Mey. Ex C.A. Mey.
Geum triflorum Pursh

Scientific name

2, 6, 10, 13
6
2, 3, 4, 5, 7, 8, 9, 10, 13, 14
4, 5, 6, 7, 8, 9
5
4, 8, 9, 10
5
7
10, 13
8
4

2
3, 4, 5, 6, 7, 8, 9, 10, 13, 14
3, 8, 10, 14
2, 3, 4, 5, 7, 10, 13, 14
13

common yarrow
nettleleaf giant hyssop
pale agoseris
rush pussytoes
Drummond’s rockcress
Holboell’s rockcress
ballhead sandwort
white sagebrush
Engelmann’s milkweed
timber milkvetch
white mariposa lily
broadfruit mariposa lily
Wyoming Indian paintbrush
lanceleaf springbeauty
hairy clematis
little larkspur
smooth larkspur
duncecap larkspur
parsnipflower buckwheat
Engelmann’s aster
thickstem aster
yellow fritillary
sticky purple geranium
old man’s whiskers

10
7, 8
2, 5, 6, 9, 14
5, 8
10

2, 3, 5, 6, 9
3, 4, 6, 8, 13, 14
2, 3, 4, 5, 6, 7, 8, 9, 10, 13, 14
10, 7
2, 4, 9, 13
2, 3, 10, 13, 14
4, 5, 6, 9
4, 5, 7
4, 5, 8, 9, 13, 14
2, 3, 4, 9, 10
2, 3, 4, 5, 6, 7, 8, 9, 10

Inside

Fremont’s goosefoot
maiden blue eyed Mary
tiny trumpet
bushy bird’s beak
western tansymustard
false mermaidweed
blackfoot groundsmoke
flatspine stickseed
mountain tarweed
basin nemophila
Douglas knotweed

Common name

3.3

0.8
6.8
2.6
3.3
0.7
0.3
1.5
1.7
0.7
0.1
0.1
NO
0.7
0.2
1.0
0.2
0.4
NO
NO
0.3
4.9
0.2
4.1

0.3
1.0
5.2
1.0
0.2
4.4
0.2
0.7
0.5
1.3
5.4

Inside

1.7

1.6
2.9
3.6
2.9
NO
0.2
0.5
1.8
0.2
NO
0.1
0.1
0.3
0.4
0.1
0.1
NO
0.8
4.3
NO
6.7
0.5
10.2

0.1
0.7
2.7
NO
0.6
0.8
0.1
0.2
NO
1.1
1.4

Outside

% Covera
______________
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13

2, 3, 4, 5, 6, 7, 8, 9, 10, 14
10, 14
3, 4, 5, 6, 7, 8, 9, 10, 13, 14

2
2

4, 5, 6, 7
7
2, 3, 10, 13
4, 5, 7, 8
9
6, 13

2, 4, 5, 7, 8, 9, 10
5
5, 7
10

2, 3, 4, 5, 7, 9, 10, 13, 14
9
2, 3, 4, 5, 6, 7, 8, 9, 10, 13
5, 6, 7, 8, 9

2, 3, 4, 7, 8, 9, 10
2, 3, 4, 5, 6, 7, 8, 9, 10

2, 4, 5, 9, 13
2, 3, 4, 6, 10, 14
5, 6, 13
4, 5, 7

6
4, 5, 6, 7, 10, 14
2, 3, 4, 5, 6, 7, 8, 9, 10, 13, 14

Outside

Bedding sites
__________________________________________

APPENDIX. Plant species list, bedding sites where the species occurred, and percent cover inside and outside of the sheep bedding areas in the Centennial Mountains of Idaho and Montana.
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Hackelia floribunda (Lehm.) I.M. Johnst.
Helianthella uniflora (Nutt.) Torr. & A. Gray
Hydrophyllum capitatum Douglas ex Benth.
Lomatium ambiguum (Nutt.) J.M. Coult.
& Rose
Lupinus argenteus Pursh
Lupinus parviflorus Nutt. Ex Hook. & Arn.
Mertensia ciliata (James ex Torr.) G. Don
Osmorhiza occidentalis
(Nutt. Ex Torr. & A. Gray) Torr.
Pedicularis racemosa Douglas ex Benth
Plantago spp. L.
Potentilla glandulosa Lindl.
Potentilla gracilis Douglas ex Hook.
Saxifraga odontoloma Piper
Senecio serra Hook.
Silene parryi (S. Watson) C.L. Hitchc.
& Maguire
Valeriana occidentalis A. Heller
Viola nuttallii Pursh
Native perennial grass
Achnatherum nelsonii (Scribn.) Barkworth
Bromus marginatus Nees ex Steud
Calamagrostis rubescens Buckley
Carex douglasii Boott
Carex raynoldsii Dewey
Elymus trachycaulus (Link) Gould
ex Shinners
Festuca idahoensis Elmer
Koeleria macrantha (Ledeb.) Schult.
Melica bulbosa Geyer ex Porter &
J.M. Coult
Poa secunda J. Presl
Native shrubs
Artemisia tridentata Nutt.
Atriplex nuttallii S. Watson
Ligusticum filicinum S. Watson
Orobanche californica Cham. & Schltdl.

Inside

2, 10
7, 8, 9, 10
4, 7, 8, 10, 13, 14
6, 7, 14
2, 10
10
2, 3, 4, 10, 13, 14
3, 4, 7
4, 5, 6, 8
4
4, 7, 10
2, 3, 5, 6, 7, 8, 9, 10, 13
2
7
2, 3, 4, 5, 6, 7, 8, 9, 10, 13, 14
7, 10
5, 6, 9
10
5, 7, 8
8, 9

western valerian
Nuttall’s violet
Columbia needlegrass
mountain brome
pinegrass
Douglas’ sedge
Raynolds’ sedge
slender wheatgrass
Idaho fescue
prairie Junegrass
oniongrass
Sandberg bluegrass
big sagebrush
Nuttall’s saltbush
fern-leaf licorice-root
California broomrape

3, 5, 6, 8, 9

7, 10
4, 10

3, 4, 6
2, 3, 4, 5, 6, 7, 8, 9, 10, 13, 14

3, 4, 10

2, 3, 5, 10

0.5
0.2
0.9
1.4

0.6

0.1
0.1
1.0

0.5
0.2
1.1
2.6
NO
1.9

0.2
0.9

NO
1.2
0.9
3.9
0.8
0.9
NO

1.1
0.3
NO
3.1

0.8
NO
0.3
1.9

Inside

2.0
NO
3.5
NO

1.3

NO
0.1
1.1

0.4
0.7
2.2
5.6
0.4
0.6

1.0
0.9

1.0
NO
4.1
4.8
0.7
0.6
0.1

0.8
0.2
0.1
3.0

3.8
2.3
0.5
1.9

Outside

% Covera
______________

WESTERN NORTH AMERICAN NATURALIST

2, 5, 6, 9

4, 7, 9

3, 7, 8
2, 3, 4, 5, 6, 7, 8, 9, 10, 13, 14

2, 4, 6, 7, 9
4, 5, 6, 7, 8, 9
2, 4, 6, 7, 9
4, 5, 7, 8, 9
4, 7
2, 3, 4, 5, 6, 7, 8, 9, 10, 13, 14

13
2, 3, 4, 5, 6, 7, 8, 9, 10, 13, 14

4, 7, 8, 9
3, 4, 6, 7, 8, 9, 10, 13, 14
7, 9
8, 14
8

4

7, 8, 9, 10
6, 7, 8
8
4, 5, 8

2, 3, 4, 7, 9, 10, 13
2, 10
2, 4, 5, 6, 7, 8, 10
4, 5, 6, 9, 14

Outside

Bedding sites
__________________________________________

sickletop lousewort
plantain
sticky cinquefoil
slender cinquefoil
brook saxifrage
tall ragwort
Parry’s silene

silvery lupine
lodgepole lupine
tall fringed bluebells
western sweetroot

Common name
manyflower stickseed
oneflower helianthella
ballhead waterleaf
Wyeth biscuitroot

Scientific name
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2, 8
8
3, 10

mountain snowberry
alpine leafybract aster

common dandelion
cheatgrass
smooth brome
Kentucky bluegrass

Symphoricarpos oreophilus A. Gray
Symphyotrichum foliaceum (Lindl. Ex DC.)
G.L. Nesom
Introduced perennial forbs
Taraxacum officinale F.H. Wigg.
Introduced annual grass
Bromus tectorum L.
Introduced perennial grass
Bromus inermis Leyss.
Poa pratensis L.

Inside

aPercent cover is the average of the visual estimates of all sample plots in a bedding area (inside or outside) where the species was identified. NO = not observed.

6
10

Common name

2, 3, 10, 13, 14
5

4, 7, 9

2

Outside

Bedding sites
__________________________________________

Scientific name
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1.0
NO

<0.1

0.6

8.4
2.8

Inside

0.8
0.2

NO

0.4

NO
4.4

Outside

% Covera
______________

2011]
EFFECTS OF SHEEP BEDDING ON VEGETATION
373

