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Abstract. Burning shrub and grassland communities often leads to increases in plant production

and nutritional quality that benefit herbivores, resulting in increased herbivore use of burned areas.

Increased use has been ascribed more specifically to changes in plant community structure, com-

munity composition and diversity, nutritional quality, and seasonal availability. These hypotheses

can be evaluated more precisely if changes in plant communities following burning are monitored

concurrently with changes in herbivore use, especially in longer-term studies. From 1988 to 1999, we

examined responses of elk (Cervus elaphus) following prescribed burning of areas burned in 1984 and

1988 that had been formerly dominated by mountain big sagebrush (Artemisia tridentata ssp. vas-

eyana) in south-central Montana (USA), with concurrent monitoring of changes in plant produc-

tion, nutritional quality, and community composition. Elk made increased use of burned sites up to

15 years after burning. Burning transformed big sagebrush-dominated communities into native

herbaceous communities that persisted for 15 years without sagebrush reinvasion. Forage biomass

and protein content remained higher on burned sites for 15 years, although differences were not

significant in every year and declined as time elapsed after burning. Forage production, forage

protein, and elk use were temporally correlated, suggesting the possibility that grazing by elk might

have contributed to persistence of elevated plant production and protein levels on burned sites.

Introduction

Fire is an ecological process that profoundly affects plant community com-
position, structure and function (Wright and Bailey 1982; Briggs and Knapp
2001). Burning removes litter (Antos et al. 1983; Redmann et al. 1993; Blair
1997; Tracy and McNaughton 1997), allowing more UV light to reach soil
surfaces and boost rates of photosynthesis and primary productivity (Blair
1997; Turner et al. 1997; Tracy and McNaughton 1997; Johnson and Matchett
2001). Burning also leads to increased soil temperatures that may enhance
earlier germination and growth in some species, particularly C4 grasses (Antos
et al. 1983). Together, these effects may lead to increases in aboveground net
primary productivity on burned sites, particularly in grasslands or in shrub-
lands that succeed to grasslands following burning (Blair 1997; Turner et al.
1997; Tracy and McNaughton 1997; Johnson and Matchett 2001). Thus,

Biodiversity and Conservation (2006) 15:4375–4398 � Springer 2006

DOI 10.1007/s10531-005-4383-3



managers often manipulate natural fires or apply prescribed burning to sites
where such increased production may benefit wild or domestic herbivores,
particularly grazing ungulates. These considerations may be particularly
important on western rangelands, where, in the absence of recurrent fire,
established communities of large shrubs such as big sagebrush (Artemisia
tridentata) produce conditions of water demand, litter accumulation, shading,
and possibly allelopathic inhibition that restrict the invasion, spread, or pro-
ductivity of grasses and forbs that may be of greater forage value for grazers.
Grazing ungulates have been observed to make increased use of burned sites

(Hobbs et al. 1991; Vinton et al. 1992; Pearson et al. 1995; Singer and Harter
1996; Biondini et al. 1999). Once attracted to a burned site, grazers facilitate
changes that alter community structure and function, including increased rates
of nutrient cycling (Risser and Parton 1982), increased spatial heterogeneity
(Steinhauer and Collins 1995), reduced litter and fuel accumulation (Hobbs
et al. 1991; Frank and Groffman 1998), and increased species richness (Collins
1987; Collins and Glenn 1988; Puerto et al. 1990). Thus, an understanding of
the synergistic effects of grazing and burning on plant community diversity can
be an important component of long-term biodiversity conservation in plant
communities managed by grazing, burning, or both.
Further, understanding foraging site selection by ungulates is of importance

to managers because site quality influences ungulate health and survivorship,
particularly on winter ranges which are often inadequate in amount and
quality of forage for animal maintenance (Torbit et al. 1985). Ungulates store
energy throughout the summer and catabolize it in winter when forage
quantity and quality fall below maintenance requirements. Because prescribed
burning on winter range usually improves the production and nutritional levels
of plants, it may contribute to improved animal condition and increased
survivorship.
Elk (Cervus elaphus) are grazing ungulates of high conservation value on

western range lands in North America and, thus, have been the subject of
numerous investigations of their responses to prescribed burning. Many studies
have demonstrated that the physical and physiological condition of wintering
elk has been enhanced on winter ranges subjected to prescribed burning
(Rounds 1981; Rowland et al. 1983; Jourdonnaise and Bedunah 1990; Van
Dyke et al. 1991). In particular, elk using burned areas in these studies ate more
grass and less browse (Rowland et al. 1983), weighed more and were in better
condition (Rowland et al. 1983), and maintained adequate dietary protein
levels (Van Dyke et al. 1991). Such responses may be attributed, at least in part,
to the fact that burned sites may have higher levels of protein, calcium,
phosphorus, and other digestible nutrients than unburned sites, as well as
greater production of grasses and forbs, categories of plants that form the bulk
of elk diets in many areas (Van Dyke et al. 1991).
Many studies have examined the effects of fire and grazing separately, fewer

have simultaneously monitored changes in plant community structure,
quantitative and qualitative responses of plants, and changes in herbivore use
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following burning. Additionally, most studies of such effects have been of short
duration and could not evaluate longer-term responses. Simultaneous consid-
eration of these dimensions of the effects of prescribed burning over longer
time periods would be of value to managers who must consider longer-term
and comprehensive effects of prescribed burning when making management
decisions.
To address these concerns, we coupled an investigation of changes in plant

community structure, production, and nutritional quality following burning of
a Montana (USA) winter range with concurrent monitoring of changes in
elk use from 1988 to 1999. Our purpose was to provide wildlife and range
managers with more specific and accurate information regarding the response
of plant communities and elk to prescribed burning in sagebrush-dominated
communities, allowing them to better predict the outcomes of management
plans that consider the use of prescribed burning as a means to benefit elk or to
affect the structure, composition, or diversity of plant communities. The fun-
damental questions we wished to answer were (1) would prescribed burning
lead to changes in site production and nutritional qualities of plants; (2) if such
changes occurred, how long would they last; (3) to what extent would elk
increase their use of burned sites if production and nutritionally enhanced
forage increased in an otherwise homogeneous winter range dominated by
plant communities of relatively low nutritional quality; and (4) would elk
continue to make higher use of burned sites as long as structural characteristics
of the plant community remained distinct from surrounding areas?

Study area

North Line Creek, a prominent, south-facing drainage basin descending from
the south face of the Line Creek Plateau in south-central Montana, USA
(45�1¢ N, 109�16¢ W), is part of the annual range of the Line Creek and Bennett
Creek elk populations that receives use by elk from November through May
(Van Dyke and Klein 1996; Van Dyke et al. 1998). Personnel of the U.S. Forest
Service (USFS), aware of the intensive use of this part of the basin, conducted
an experimental 40 ha prescribed burn in the southern part of the drainage
in October 1984. Informed by ongoing studies of seasonal range use and
movements of these elk populations by the senior author (Van Dyke and Klein
1996; Van Dyke et al. 1998), they selected another site for a burn of similar size
(30 ha) in April 1988 in the upper (northern) part of the drainage. Burned areas
covered elevations from approximately 1850–1900 m (1984 burn) and from
1920 to 1975 m (1988 burn). Hereafter the 1984 burn will be referred to as the
South burn and the 1988 burn as the North burn. Although the North burn
rarely received use by Bennett Creek elk, it received extensive use by Line
Creek elk throughout the winter (Van Dyke et al. 1998).
The North Line Creek basin consisted of sagebrush-covered ravine

slopes and bottoms, with a scattered overstory of limber pine (Pinus flexilis) on
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the upper portions of slopes and adjacent ridge crests. Burned areas were small
relative to the size of the basin. Sagebrush-dominated communities were
characteristic of the entire area at these elevations, and are typical for Artemisia
tridentata-Festuca idahoenis habitat type (Mueggler and Stewart 1980) present
on western rangelands. Most sagebrush was Artemisia tridentata ssp.vaseyana,
but a few individuals of black sagebrush, (Artemisia arbuscula ssp. nova) also
were present on drier microsites in and around the South burn. Other shrub
species were rare. Idaho fescue (Festuca idahoensis) and bluebunch wheatgrass
(Agropyron spicatum) were the most common grasses interspersed among or
beneath sagebrush overstory. Other frequently encountered, but less abundant,
grasses included various bluegrasses (Poa spp.), needle-and-thread grass (Stipa
comata), and king fescue (Hesperochloa kingii). Common forbs included species
of milkvetch and locoweed (Astragulus spp.) and phlox (Phlox spp.).
The climate was characterized by short, cool summers and long, cold win-

ters. Average January temperature at a similar elevation (1757 m) approxi-
mately 20 km N at Red Lodge, Montana, USA, the closest weather station to
the study area, was �6 �C, and average annual precipitation was 56 cm, mostly
in the form of snow from November to May (Van Dyke et al. 1991).
Livestock were not permitted on USFS land in North Line Creek, nor were

there any human residences or activities. Roads to North Line Creek were
primitive, unmaintained, and covered with large rocks, which discouraged
vehicular travel into the area. Aside from USFS personnel, the senior author,
and various seasonal field assistants, human visitation to the area was low and
primarily limited to recreational hikers during spring and summer and, in
autumn, to big game hunters.

Material and methods

Field measurements

Five permanent 404 m2 plots (20.1 m · 20.1 m) were established on each
burned site in 1988. One permanent plot of the same size was established on an
unburned site within the drainage in the same year prior to the burn, a con-
cession to limits of time and manpower that constrained us at the beginning of
this study. We established plots only on sites with <35% slope because fire
history and topographic position of a site are often interactive in their effects
on plant production (Turner et al. 1997) and observations of elk in the area
indicated animals fed primarily on slopes of <35% (Van Dyke et al. 1991).
Prior to burning, sagebrush communities on this range were extremely
homogeneous. Such uniformity permitted us to select plots that were highly
similar to one another in slope, aspect, pre-burn vegetation, and disturbance
history as determined by slope measurement, visual examination in the field,
and review of Forest Service management records.
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Because ungulates may be expected to increase their duration and number of
foraging bouts in habitat patches that are more profitable, we chose elk use
days (EUD) as the best index to express the combined effect of the duration
and intensity of elk foraging in a plot. In June of 1988–1993 and 1999, after elk
had left the North Line Creek basin and moved to higher elevation summer
ranges, we estimated elk use in each plot by counting the number of elk pellet
groups within 1 m of 6 randomly selected 20.1 m transects laid perpendicular
to the baseline of each plot, thus permitting a calculation of pellet group
density. We spray-painted and scattered pellets after counting to avoid repeat
counting in subsequent surveys. We converted the estimated density of pellets
to an index of EUD by dividing the estimate of density by 13, an estimated
average number of dropping groups/elk/day, based on observations in other
studies (Hayden-Wing 1979).
We determined foliar vegetation coverage, by species, concurrently with

determinations of elk use in June of each year. However, limited budgets, time,
and manpower from 1989 to 1992 forced us to restrict the more labor-intensive
sampling of vegetation coverage to one plot per site (South burn, North burn,
unburned) during these years. In this effort, we estimated the percent foliar
coverage by cover class (<1%, 1–5%, 6–15%, 16–25%, 26–35%, 36–45%, 46–
55%, 56–65%, 66–75%, 76–85%, 86–95%, >95%) of each species within each
of 5, 25.4 cm · 50.8 cm visually calibrated frames (microplots) placed at ran-
domly selected locations along each transect, a total of 30 microplots per plot.
Using the midpoint value of each cover class range, the average percent cov-
erage of each species within the plot was estimated as the summed microplot
coverage divided by 30. Coverage values of individual species were summed by
categories of forbs, grasses, and shrubs as an index to overall community
composition. Additional funding and manpower in 1993 and 1999 released
aforementioned sampling constraints and permitted us to establish four addi-
tional plots in unburned vegetation for elk use and to evaluate vegetation
coverage in all plots on all sites in these years.
In late August, at the end of the growing season on this range, from 1988 to

1992 and 1999, we clipped and sorted, by category, grasses and forbs from a
random subset of the original six transects and 30 microplots sampled within the
plot in June. Clipped material was combined by transect in order to have
sufficient quantities for chemical analysis in each sample and because budgetary
constraints limited the number of nutritional analyses that could be performed
each year. We also chose not to evaluate the production and nutritional con-
dition of shrubs because they contributed little to elk diets during most of the
winter and spring in this population (VanDyke et al. 1991). Thus, we considered
grasses and forbs to reflect the quantity and quality of most of the forage
consumed by elk during their time on these sites and concentrated nutritional
analyses on these categories. Plant samples were used to estimate plant pro-
duction (kg/ha, dry weight), moisture, and protein (% dry weight). Moisture
levels were determined by air-drying and used to estimate dry weight of samples,
which were then converted to dry weight estimates of plant production. Protein

4379



levels were determined by standard procedures described by the Association of
Official Analytical Chemists (A.O.A.C 1965) at the Analytical Chemistry Lab-
oratory of the Agricultural Experiment Station of Montana State University
(MSU), Bozeman, USA. Budgetary constraints forced us to forego nutritional
analyses of plant material in 1993.

Quantitative and statistical analysis

We evaluated EUD through time on each burned site via separate repeated
measures AOV. Tukey’s mean separation test was used to determine where
significant differences occurred. To evaluate longer-term (1993–1999) effects of
treatment, we compared burned and unburned sites through a single repeated
measures AOV for these years.
To evaluate longer-term effects of prescribed burning on plant communities,

we compared the percent coverage (arcsine transformed) of grasses, forbs, and
sagebrush on burned and unburned sites between 1993 and 1999 using a re-
peated measures AOV. Confidence interval estimates (95% CI) of coverage in
these categories in 1993 and 1999 were compared to single (one plot) estimates
of coverage from 1989 to 1992 to assess differences between short- and longer-
term plant responses. In cases where significant treatment-year interactions
were detected in 1993 and 1999, we compared coverage in different treatments
in a given year through unpaired t-tests with Bonferroni adjustments.
To evaluate plant community characteristics relative to treatment, we

determined plant species richness from coverage data. We compared species
richness between years using procedures previously described for evaluating
changes in plant coverage. To assess quantity and quality of forage on burned
and unburned sites in the short-term, we compared grass and forb production
and protein content between burned and unburned sites from 1988 to 1992
using a two-way AOV, with year and treatment as factors. As with plant
coverage, we compared production and protein among sites in a given year
through unpaired t-tests with Bonferroni adjustments if significant year-
treatment interaction was detected. To assess differences between burned and
unburned plots in the longer term, we compared treatment differences in grass
and forb production and protein content in 1999 (11 and 15 years after burning
on the North and South units, respectively) via multiple comparison analysis
(MCA). In all evaluations, p £ 0.05 was considered significant.

Results

Changes in elk use

Elk use on the North and South burns varied by year (Figure 1) (North
burn, F = 2.89, df = 6, p = 0.03; South burn, F = 5.08, df = 6, p<0.01;
separate repeated measures AOV). On the North burn, EUD in 1992, the year
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of lowest elk use, differed from the 2 years of highest use, 1991 and 1999. On
the South burn, the year of highest use (1988) differed from the 2 years of
lowest use (1992 and 1993), and the year of second highest use (1989) also
differed from the year of lowest use (1992). Use levels on the South burn were
more than twice that of the North burn when monitoring began in 1988, but
EUD values on the two sites had converged to similar levels by 1999.
Elk used burned sites more than unburned sites. Single plot estimates of use on

unburned sites in 1988, 1989, and 1991 fell above variation observed in 1993 and
1999 with longer-term use. The range of elk use on unburned sites in these years
(212–299 annual EUD) was within normal variation observed in elk use on the
North burn during the same years, but declined over time (Figure 1). In longer-
term assessment (1993–1999), EUD varied among treatments (F = 85.38,
df = 1, p<0.01), with higher elk use on burned sites, but did not vary among
years (F = 0.32, df = 1, p = 0.58), nor was there a year-treatment interaction
(F = 2.53, df = 1, p = 0.14).

Changes in plant communities

Prescribed burning transformed sagebrush-dominated communities into grass-
and forb-dominated communities, and such differences persisted for £ 15 years
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Figure 1. EUD on two burned sites and an unburned control site in North Line Creek, south-

central Montana, USA, from 1988 to 1993 and 1999. Burns conducted in 1984 (South burn) and

1988 (North burn). Bars represent 95% CI. Means with different letters are different from means in

other years on the same site (Tukey’s mean separation test). Means without bars are single plot

estimates from unburned sites in 1988–1992.

4381



(Table 1, Figure 2). Sagebrush remained at approximately 30–40% coverage on
unburned plots from 1988–1999, but failed to attain >1% coverage on burned
plots up to 15 years after burning (Figure 2c, Table 1).
From 1988 to 1999, changes in graminoid and forb coverage followed similar

patterns of increase and decrease on burned and unburned plots (Figure 2),
suggesting an overriding importance of climate variation in plant response.
Despite annual variation, graminoid cover was consistently lower on unburned
plots. Forb cover was more variable. Burned sites retained higher graminoid
coverage than unburned sites over the longer-term (1993–1999), although on
the North burn, treatment differences were confounded by year and year-
treatment effects (Table 1). Given the presence of interactive effects in grami-
noid coverage, we evaluated years (1993 and 1999) separately on the North
burn to unburned sites, and did the same for forb coverage where interactive
effects were detected for both burns. Graminoid coverage was greater on
the North burn in 1993 (t =� 11.58, df = 8, p<0.01) and 1999 (t =� 3.85,

Figure 2. Graminoid (a), forb (b), and mountain big sagebrush (Artemisia tridentata ssp. vase-

yana) (c) coverage associated with plant communities on burned and unburned 404 m2 plots

originally dominated by sagebrush in North Line Creek, south-central Montana, USA, 1988–1999.

Samples from 1988 to 1992 are single estimates (one plot sampled per treatment). Bars associated

with means in 1993 and 1999 reflect 95% CI associated with multiple plot samples.

c

Table 1. Long-term responses in vegetation communities on burned and unburned plots in south-

central Montana, USA, originally dominated by mountain big sagebrush (Artemisia tridentata ssp.

vaseyana), 1993 and 1999.

Species

richness

Graminoid

coverage (%)

Forb

coverage (%)

Sagebrush

coverage (%)

Unburned

1993 13.80(1.24) 11.07(1.40) 2.80(0.59) 41.35(3.42)

1999 20.80 (1.36) 11.20(0.54) 8.97(1.46) 32.63(7.29)

South burn

1993 18.60(0.68) 19.19(0.77) 5.90(0.28) 0.10(0.07)

1999 20.80(1.28) 23.71(2.03) 6.88(2.04) 0.36(0.34)

North burn

1993 25.80(2.22) 30.80(0.97) 28.80(1.59) 0.20(0.20)

1999 25.20(1.28) 21.95(2.74) 13.04(1.30) 1.32(0.67)

F (south/north)

Treatment 3.24/20.13 50.93/63.37 1.06/101.80 142.01/116.09

Year 22.04/6.24 3.37/8.09 23.98/3.29 1.34/0.11

Year*treatment 6.00/8.80 2.39/9.66 14.06/94.19 2.11/4.74

p (south/north)

Treatment 0.11/<0.01 <0.01/<0.01 0.33/<0.01 <0.01/<0.01

Year <0.01/0.04 0.10/0.02 0.01/0.10 0.28/0.74

Year*treatment 0.04/0.02 0.16/0.01 0.01/<0.01 0.18/0.06

Repeated measures AOV. SE in parentheses.
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df = 8, p = 0.01). Forb coverage was higher on both burned sites than on
unburned sites in 1993 (North burn, t =� 15.31, df = 8, p<0.01; South
burn, t =� 4.78, df = 8, p<0.01), but forb coverage was unaffected by
treatment in 1999 (North burn, t =� 2.08, df = 8, p = 0.14; South burn,
t = 1.22, df = 8, p = 0.52).
From 1988 to 1999, a cumulative total of 71 species of forbs and 14 species of

grasses were identified on burned and unburned plots. Eighty-five percent (60
species) of forbs and 93% (13 species) of grasses were perennials. Two forbs
(Taraxacum officinale and Tragopogon dubius) and one grass (Bromus tectorum)
were non-native species. Species richness was generally higher on burned sites,
but differences between treatments had converged to similar levels by 1999
(Figure 3). As with plant coverage, longer-term (1993–1999) treatment differ-
ences were confounded with year and year-treatment effects, so years were
evaluated separately by Bonferroni adjusted t tests. In 1993, species richness
was greater on both burned sites than on unburned sites (North burn,
t =� 4.71, df = 8, p<0.01; South burn, t =� 3.39, df = 8, p = 0.02). By
1999, there were no differences between treatments (p ‡ 0.07, all cases).

B: Species richness
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Figure 3. Species richness of plant communities on burned and unburned 404 m2 plots originally

dominated by mountain big sagebrush (Artemisia tridentata ssp. vaseyana) in south-central Mon-

tana, USA. Samples from 1988 to 1992 are single estimates (one plot sampled per treatment). Bars

associated with means in 1993 and 1999 reflect 95% CI associated with multiple plot samples.
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Changes in forage quantity and quality

In short-term response from 1988 to 1992 (1–8 years after burning), forage
production was greater on burned sites. Graminoid production was higher on
both burn sites than on unburned sites in every year (Figure 4a, Table 2). Forb
production also was higher on burned sites, although differences associated
with the South burn were marginally non-significant (Figure 4b, Table 2).
Graminoid production was independent of year on the North burn, but not on
the South burn, where production levels in 1992 differed from 1988 and 1989,
the 2 years of lowest production (1988 and 1989, p<0.05, Tukey’s mean
separation test). Forb production was independent of year in all cases, and in
no comparisons were treatment-year interactions significant.
Compared to forage on unburned plots, protein levels were higher on the

more recent North burn, but not the older South burn (Table 2). Changes in
protein levels were not independent of year on either burn (Table 2, Figure 5).
Significant treatment-year interactive effects were detected on the North burn
and evaluated further through Bonferroni-adjusted t tests in individual years.
Treatment differences in graminoid protein were significant in 1990
(t =� 4.69, df = 7, p = 0.01) and 1992 (t =� 9.83, df = 7, p<0.01). Al-
though absolute differences in forage protein levels were greatest in 1988,
immediately following burning on the North burn, sample sizes of graminoid
protein were insufficient to conduct a t test in that year. Sample sizes associated
with forb protein were insufficient to conduct a t test in any individual year
during this period. Significant year effects in both graminoid and forb protein,
combined with similar patterns of change over time on all sites, suggested that
forage protein levels may have been more sensitive to annual climatic variation
than to prescribed burning (Figure 5).
In longer-term analysis of forage production and protein, treatment differ-

ences declined over time. Although forage production and protein were gen-
erally higher on burned sites in 1999, 11 (North burn) and 15 (South burn)
years after burning, responses were variable and most differences were not
significant (Table 3). Compared to unburned sites, graminoid protein levels on
the North burn remained higher than on unburned sites even 11 years after
burning (F = 5.82, p = 0.04, MCA test). There were no significant treatment
differences in forage production or in levels of forb protein.
Elk use, forage production, and forage protein appeared interactive. On the

South burn, declines in elk use were concurrent with declines in graminoid
production and protein from 1988 to 1992, but rose with increases in these
variables from 1992 to 1999 (Figure 6). On the North burn, increases in elk use
rose with increases in graminoid production from 1988 to 1991 despite
declining levels in forage protein (Figure 7). 1992 witnessed a steep decline in
elk use despite increases in forage production and protein in that year, but elk
use increased from 1992 to 1999 concurrent with increases in forage protein
levels and despite declines in forage production.
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Figure 4. Graminoid (a) and forb (b) production on burned and unburned plots from 1988 to

1999 in North Line Creek, south-central Montana, USA. Means with different letters are different

from means in other years on the same site (Tukey’s mean separation test).
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Figure 5. Graminoid (a) and forb (b) protein levels on burned and unburned plots from 1988 to

1999 in North Line Creek, south-central Montana, USA. Means with different letters are different

from means in other years on the same site (Tukey’s mean separation test).
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Discussion

Effects of prescribed burning and elk grazing on plant communities

Invasions facilitated by fire and associated sagebrush removal produced pro-
nounced changes in plant community composition and structure. Plant suc-
cession on North Line Creek sites followed the typical pattern of grass invasion
and domination of recently burned sites, a pattern attributable to the superior
establishment capabilities of grasses on disturbed areas, to the removal of litter
that may have inhibited germination by other species (McGinley and Tilman
1992), and to the capacity of grasses to rapidly increase plant density under
favorable conditions (Briggs and Knapp 2001). Forb species also contributed a
much larger component of total coverage, a pattern typical of recently burned
sites (Harniss and Murray 1973; West and Hassan 1985; Briggs and Knapp
2001). Sagebrush remained rare ( £ 1%) on burned sites up to 15 years after the
fire event. The post-burn grass-forb communities established in North Line
Creek were relatively stable in life-form composition and not easily re-invaded
by sagebrush, and we expect burned sites to remain as grass-forb dominated
communities for at least the next 15 years.

Effects of fire on plant production and nutritional quality

On traditional sagebrush sites, sagebrush removal has been justified because of
the perception of its dramatic increases throughout western sagebrush steppe
landscapes at the expense of grassland habitats (Arno and Gruell 1983; Miller
et al. 1991), the belief that range degradation was associated with increasing
abundance of sagebrush (Huber-Sannwald and Pyke 2005), and the expecta-
tion of subsequent higher production and nutritional quality of grasses and
forbs following sagebrush removal (Wambolt et al. 2001). Ecologically, the
expectation of increased grass production following sagebrush removal is

Table 3. Differences in production (kg/ha) and protein (% dry weight) in graminoids and forbs on

burned and unburned plots in south-central Montana, USA, originally dominated by sagebrush

(Artemisia spp.), in 1999, 11 and 15 years after burning.

Unburned South burn North burn

F pX SE X SE X SE

Graminoid

Production 477.63 177.40 737.67 88.60 1136.20 380.62 1.79 0.25

Protein 5.60a 0.31 5.73ab 0.18 8.00b 0.90 5.82 0.04

Forb

Production 220.03 154.12 601.37 270.29 495.97 103.81 1.08 0.40

Protein 8.57 1.22 6.70 0.97 9.80 0.60 2.62 0.15

MCA, standard F-statistic, df = 2 and 6. Means with different letters are different from means

from other sites, Tukey’s mean separation test, p £ 0.05.
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supported by the fact that sagebrush is superior at nutrient uptake compared to
its associated grass species (Caldwell et al. 1991a; Miller et al. 1991; Black et al.
1994; Cui and Caldwell 1998), shows increased root proliferation in the pres-
ence of grass species (Caldwell et al. 1991b), and is efficient at upper soil water
removal (Donovan and Ehrlinger 1994), all traits suggesting that sagebrush
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plots in North Line Creek burned in 1984 (South burn) and originally dominated by mountain big
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removal would stimulate release of grasses. Consistent with this expectation,
many studies have demonstrated short-term increases in production of her-
baceous species following burning or poisoning of sagebrush (Johnson 1969;
Thilenius and Brown 1974; Van Dyke et al. 1991; Van Dyke et al. 1996;
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McDaniel et al. 2005) and higher levels of grazing capacity for livestock (Allen-
Diaz and Bartolome 1998).
Fire, as an agent of sagebrush removal, also contributes directly to increased

herbaceous production. In tallgrass prairies, increased plant production fol-
lowing fire (Kucera and Enrenreich 1962; Gibson and Hurlbert 1987; Towne
and Owensby 1984; Knapp and Seastedt 1986; Turner et al. 1997) has been
attributed to increased N mineralization rates due to removal of surface litter
and elevated soil temperatures (enhanced mineralization hypothesis) or to a
temporary release of plants from multiple resource constraints, especially light
and N, during which a switch from energy to N limitation occurs (transient
maxima hypothesis) (Blair 1997). Light and N are exploited by plants after a
spring burn when plants experience a period of N availability (combined with
high light availability) leading to a short-term pulse of increased productivity.
Although our original community was sagebrush, not prairie, and our inves-
tigation was not designed to test these alternative explanations, available data
leads us to infer that the higher levels of forage production we observed on
burned sites immediately after burning probably resulted from a similar release
from light limitation leading to increased rates of photosynthesis, release from
N limitation leading to elevated plant production and protein, and release from
the competitive effects of sagebrush leading to increased abundance of grasses
and forbs.
In North Line Creek, burned sites had consistently higher forage production

than unburned sites, but there was no long-term decline in production or
protein with time as the transient maxima hypothesis would have predicted
(Blair 1997; McCarron and Knapp 2003) or as has been the case in many long-
term studies of sagebrush removal (Johnson 1969; Allen-Diaz and Bartolome
1998; Wambolt et al. 2001). Forb and graminoid production on the South burn
were highest in 1999, 15 years after this site was burned, and 25% higher than
in 1988, only 4 years after the fire. Similarly there was no consistent decline in
forage protein on either burn, although protein levels were higher on the more
recently burned North unit.

Changes in elk use following fire

Elk use on burned sites in our study is consistent with those of numerous other
investigations that demonstrate that elk make increased use of burned sites
(Hobbs et al. 1991; Vinton et al. 1992; Pearson et al. 1995; Singer and Harter
1996; Biondini et al. 1999), as the senior author also has documented for other
burns in this area (Van Dyke et al. 1991; Van Dyke et al. 1996). Most studies,
however, show that, compared to unburned sites, increased use of burn sites by
elk is a temporary, unsustainable phenomena. Our results are unusual in
documenting sustained levels of elevated use up to 15 years after burning and,
in the case of the North (1988) burn, even increasing use near historic maxi-
mums up to 11 years after burning.
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Grazing by elk can have a depressing effect on plant production (Hobbs
et al. 1996), but studies in similar habitat in this region have shown no detri-
mental effect of elk grazing on plant production on recently burned sites (Tracy
and McNaughton 1997). If elk had depressed forage production on these sites,
increasing elk use should have been correlated with decreasing production,
especially in graminoids. This was not the case. In most years these variables
were positively correlated on both sites, especially on the older South unit.
These patterns suggest that elk may perceive and exploit increased quantity
and quality of forage by increasing their use of burned sites. On the South
burn, when quantity and quality of forage declined, elk reduced their use of
burned sites to pre-burn levels, and then reversed this trend by increasing use
of the South burn when levels of production rose in subsequent years. Elk use
of the North burn followed the same pattern from 1988 to 1991, then diverged
from it in 1992 when all time highs in forage production were accompanied by
all time lows in elk use. Elk use on the North burn returned to more typical
levels in 1993 and 1999, although graminoid production declined over this
period. It is possible that changes in use were influenced by factors external to
the study sites. For example, periods of low use on these burns might have been
coincident with increases in forage availability in nearby areas. However, our
data provide no means to evaluate this hypothesis.
An important property of grazing ecosystems worldwide is a high spatio-

temporal variation in forage. A second is the close association between grazing
ungulates and the spatio-temporal arrangement of such forage, as ungulates
apparently track changes in forage production and nutritional levels to increase
their grazing efficiency and diet quality (Frank et al. 1998). Consistent with this
general pattern, burned sites in North Line Creek show correlations between
changes in elk use and changes in plant production and nutritional quality.
Explanations invoked to explain these correlations differ. Some investigators
(Hobbs et al. 1991; Vinton et al. 1992) have asserted that elk select burned sites
primarily because of structural characteristics and plant species composition.
Others have suggested that enhanced nutritional quality (Van Dyke et al. 1991;
Turner et al. 1994; Tracy and McNaughton 1997) or earlier seasonal avail-
ability (Biondini et al. 1999) of vegetation on burned sites are the factors that
most strongly influence elk selection. In North Line Creek, plant production,
plant protein levels, and elk use often rose simultaneously, making it difficult to
be dogmatic in our interpretion or to unequivocally endorse one of these
hypotheses at the expense of others. Further, structural characteristics of the
plant communities on burned sites remained relatively constant over the study
period. We suspect that, by their initial visits to sites in late autumn-early
winter periods of each year, elk made assessments of multiple variables of
range condition (structural characteristics, production, and forage quality) that
were all factors in their site tenure. Site-specific grazing, once entrenched by
traditional annual behavior, might have established positive feedback path-
ways that contributed to enhanced levels of production and nutrition in plants
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beyond the time span expected and documented in most studies of prescribed
burning on similar ranges.

Management implications – long-term effects of prescribed burning

and herbivory in sagebrush

Managers must consider effects of management actions on the quantity and
quality of available forage for managed species. Prescribed burning of sage-
brush does not always result in increased production of forage, even in the
short term (Wambolt et al. 2001). However, if burns are applied to change
plant communities, their effects may persist for >15 years. If prescribed burns
are justified with the expectation of rapid reinvasion and recovery of sagebrush
and enhanced productivity of sagebrush following burning, as is increasingly
the case on western range lands (Wambolt et al. 2001), our results suggest that
such expectations will not be fulfilled.
Although elevated forage production and nutritional quality of vegetation

associated with newly burned sites are not always as persistent as was the case in
this study, managers should recognize that such benefits may nevertheless be of
strategic importance to elk on nutritionally stressed winter ranges even if of short
duration. Condition of wintering ungulates is often enhanced on burned grass-
lands, even when burning does not increase protein levels in forage (Rowland
et al. 1983; Hobbs and Spowart 1984; Seip and Bunnell 1985). Thus, prescribed
burning may be an appropriate strategy on winter ranges where ungulate health
is a concern. Interactive models of ungulate populations, fire, and vegetation
indicate that burned areas become particularly important to ungulate survi-
vorship in average to severe winters, when enhanced forage production and
quality on burned areas leads to increased survival (Turner et al. 1994).
Our results lead us to disagree with Wambolt et al. (2001) who claimed, after

review of multiple studies of prescribed burning, that ‘no clear short or long-
term benefits to grasses or forbs have become evident…’. In our study, pre-
scribed burning led to long-term increases in coverage of grasses and forbs,
changes which resulted in long-term increased use of burned sites by elk. It is
important for managers to note, however, that our results occurred on sage-
brush-dominated sites that, based on Forest Service records, had not been
burned for 30 years or longer. Re-burning of such sites, once grass-forb com-
munities are established, may not lead to further increases in productivity
(Antos et al. 1983; Redmann et al. 1993) or to additional increases in use by elk.
Although we can not support the position that prescribed burning in sage-

brush is of no benefit to grasses, forbs, or wildlife, we believe that managers
should avoid the opposite view that prescribed burning in sagebrush is uni-
versally beneficial to conservation. Sagebrush communities are unique habitats
used by many species, including many that can be considered sagebrush-
dependent, such as Brewer’s sparrow (Spizella breweri) and sage grouse
(Centrocercus urophasianus). In addition, removal of sagebrush through
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burning may lower carrying capacities of some species on burned sites. For
example, some large herbivores, such as mule deer (Odocoileus hemionus),
which use proportionately greater quantities of browse in their diet, may find
reduced supplies of dry matter, metabolizable energy, and N in forage on
burned sites because of the reduction in shrub biomass (Hobbs and Swift
1985).
Sagebrush communities have suffered widespread alteration and destruction

via chaining, tilling and rotocutting, herbicides, and prescribed burning. Such
alterations have sometimes been justified in individual cases for the sake of
increasing site-specific (alpha) diversity or increasing forage for game animals,
such as elk, or for domestic livestock. However, large-scale removal or modi-
fication of sagebrush is likely to lower overall habitat and landscape (beta)
diversity and may reduce populations of historically indigenous species. Fur-
ther, large-scale removals cannot provide managers opportunity for precise
evaluations of differences in plant and animal responses between sagebrush and
non-sagebrush communities. In fact, models relating fire, grazing, and land-
scape characteristics predict that programs of prescribed burning that affect
‡60% of the winter range will produce no site-specific responses in ungulates
and may actually reduce winter survival (Turner et al. 1994). It is often the
precise spatial location, not the total extent, of burns that is a key determinant
of ungulate survivorship (Turner et al. 1994).
For these reasons, we advocate using small, dispersed prescribed burns

similar to those applied in this study. A limited number of such burns spread
throughout a landscape over many years permits ungulates continued acces-
sibility to newly burned sites that provide enhanced levels of plant production
and nutritional quality compared to older burns and to unburned sites. Such a
strategy also permits greater monitoring precision for managers who must
assess the effects of prescribed burning. At the same time, this approach would
increase landscape biodiversity by providing refugia for plant species of low
abundance in the surrounding sagebrush-dominated ecosystem.

Acknowledgements

The Montana Department of Fish, Wildlife, and Parks (MDFWP), USFS, and
the Rocky Mountain Elk Foundation provided funding for this research. We
thank USFS personnel of the Custer National Forest, particularly C. Mark
and the staff of the Beartooth Ranger District, for their support in planning
and executing the prescribed burns and in providing important background
information on the history and past management of the site. C. E. Eustace,
MDFWP, provided logistic and administrative assistance. R. M. King, USFS,
and L. K. Page, Wheaton College (IL, USA) provided valuable comments on
preliminary drafts of the manuscript, and R. M. King provided additional
insights in statistical analysis. L. Torma and the staff of the Chemistry
Station Analytical Laboratory, Montana State University (MSU), performed

4395



nutritional analyses of plant samples. We thank J. P. DiBenedetto, USFS, for
arranging for housing for the senior author and field assistants in 1993 and
1999. J. P. Skubinna, J. J. Rozema, B. L. Probert, G. Van Beek, M. K. DeBoer,
M. Foss, and K. Pendergrass assisted with data collection in the field and
preliminary analysis and organization of data. The senior author is especially
grateful to H. B. Brown for her faithful companionship in the field.

References

Allen-Diaz B. and Bartolome J.W. 1998. Sagebrush-grass vegetation dynamics: comparing classical

and state-transition models. Ecol. Appl. 8: 795–804.

Antos J.A., McCune B. and Bara C. 1983. The effect of fire on an ungrazed western Montana

grassland. Am. Midland Nat. 110: 354–364.

A.O.A.C. 1965. Official Methods of Analysis, 10th ed. Association of Official Analytical Chemists,

Washington, DC, USA.

Arno S.F. and Gruell G.E. 1983. Fire history at the forest-grassland ecotone in southwestern

Montana. J. Range Manage. 36: 332–336.

Biondini M.E., Steuter A.A. and Hamilton R.G. 1999. Bison use of fire-managed remnant prairies.

J. Range Manage. 52: 454–461.

Black R.A., Richards J.H. and Manwaring J.H. 1994. Nutrient uptake from enriched soil micro-

sites by three Great Basin perennials. Ecology 75: 110–122.

Blair J.M. 1997. Fire, N availability, and plant responses in grasslands: a test of the transient

maxima hypothesis. Ecology 78: 2359–2368.

Briggs J.M. and Knapp A.K. 2001. Determinants of C3 forb growth and production in a C4

dominated grassland. Plant Ecol. 152: 93–100.

Caldwell M.M., Manwaring J.H. and Jackson R.B. 1991a. Exploitation of phosphate from fertile

soil microsites by three Great Basin perennials when in competition. Funct. Ecol. 5: 757–764.

Caldwell M.M., Manwaring J.H. and Durham S.L. 1991b. The microscale distribution of neigh-

boring plant roots in fertile soil microsites. Funct. Ecol. 5: 765–772.

Collins S.L. 1987. Interaction of disturbances in a tallgrass prairie: a field experiment. Ecology 68:

1243–1250.

Collins S.L. and Glenn S.M. 1988. Disturbance and community structure in North American

prairies. In: During H.J., Werger M.J.A. and Willems J.H. (eds), Diversity and Pattern in Plant

Communities. SPB Academic, The Hague, The Netherlands, pp. 131–143.

Cui M. and Caldwell M.M. 1998. Nitrate and phosphate uptake by Agropyron desertorum and

Artemisia tridentata from soil patches with balanced and unbalanced nitrate and phosphate

supply. New Phytol. 139: 267–272.

Donovan L.A. and Ehleringer J.R. 1994. Water stress and use of summer precipitation in a Great

Basin shrub community. Funct. Ecol. 8: 289–297.

Frank D.A. and Groffman P.M. 1998. Ungulate vs. landscape control of soil C and N processes in

grasslands of Yellowstone National Park. Ecology 79: 2229–2241.

Frank D.A., McNaughton S.J. and Tracy B.F. 1998. The ecology of the earth’s grazing ecosystems.

BioScience 48: 513–521.

Gibson D.J. and Hulbert L.C. 1987. Effects of fire, topography, and year-to-year climatic variation

on species composition in tallgrass prairie. Vegetatio 72: 175–185.

Harniss R.O. and Murray R.B. 1973. Thirty years of vegetal change following burning sagebrush-

grass range. J. Range Manage. 26: 322–325.

Hayden-Wing L.D. 1979. Distribution of deer, elk, and moose on a winter range in southeastern

Idaho. In: Boyce M.S. and Hayden-Wing L.D. (eds), North American Elk: Ecology, Behavior,

and Management. University of Wyoming Press, Laramie, Wyoming, USA, pp. 122–131.

4396



Hobbs N.T., Baker D.L., Bear G.D. and Bowden D.C. 1996. Ungulate grazing in sagebrush

grassland: mechanisms of resource competition. Ecol. Appl. 6: 200–217.

Hobbs N.T., Schimel D.S., Owensby C.E. and Ojima D.S. 1991. Fire and grazing in the tallgrass

prairie: contingent effects on nitrogen budgets. Ecology 72: 1374–1382.

Hobbs N.T. and Spowart R.A. 1984. Effects of prescribed burning on nutrition of mountain sheep

and mule deer during winter and spring. J. Wildlife Manage. 48: 551–560.

Hobbs N.T. and Swift D.M. 1985. Estimates of habitat carrying capacity incorporating explicit

nutritional constraints. J. Wildlife Manage. 49: 814–822.

Huber-Sannwald E. and Pyke D.A. 2005. Establishing native grasses in a big sagebrush-dominated

site: an intermediate restoration step. Restor. Ecol. 13: 292–301.

Johnson W.M. 1969. Life expectancy of sagebrush control in central Wyoming. J. Range Manage.

22: 177–182.

Johnson L.C. and Matchett J.R. 2001. Fire and grazing regulate belowground process in tallgrass

prairie. Ecology 82: 3377–3389.

Jourdonnais C.S. and Bedunah D.J. 1990. Prescribed fire and cattle grazing on an elk winter range

in Montana. Wildlife Soc. Bull. 18: 232–240.

Knapp A.K. and Seastedt T.R. 1986. Detritus accumulation limits productivity of tallgrass prairie.

BioScience 36: 662–668.

Kucera C.L. and Ehrenreich J.H. 1962. Some effects of annual burning on central Missouri prairie.

Ecology 43: 334–346.

McCarron J.K. and Knapp A.K. 2003. C3 shrub expansion in a C4 grassland: positive post-fire

responses in resources and shoot growth. Am. J. Bot. 90: 1496–1501.

McDaniel K.C., Torell L.A. and Ochoa C.G. 2005. Wyoming big sagebrush recovery and

understory response with Tebuthiuron control. Rangeland Ecol. Manage. 58: 56–76.

McGinley M.A. and Tilman D.T. 1992. Short-term response of old-field plant communities to fire

and disturbance. Am. Midland Nat. 129: 409–413.

Miller R.F., Doeschler P.S. and Wang J. 1991. Response of Artemisia frigida ssp. Wyomingensis

and Stipa thurberiana to nitrogen amendments. Am. Midland Nat. 125: 104–113.

Mueggler W.F. and Stewart W.L. 1980. Grassland and shrubland habitat types of western Mon-

tana. U. S. Forest Service General Technical Report INT-66, Ogden, Utah, U.S.A.

Pearson S.M., Turner M.G., Wallace L.L. and Romme W.H. 1995. Winter habitat use by large

ungulates following fire in northern Yellowstone National Park. Ecol. Appl. 5: 744–755.

Puerto A., Rico M., Matias M.D. and Garcia J.A. 1990. Variation in structure and diversity in

Mediterranean grasslands related to trophic status and grazing intensity. J. Veget. Sci. 1: 445–452.

Redmannn R.E., Romo J.T. and Pylypec B. 1993. Impacts of burning on primary productivity of

Festuca and Stipa-Agropyron grasslands in central Saskatchewan. Am. Midland Nat. 130: 262–

273.

Risser P.G. and Parton W.J. 1982. Ecosystem analysis of the tallgrass prairie: nitrogen cycle.

Ecology 63: 1342–1351.

Rounds R.C. 1981. First approximation of habitat selectivity of ungulates on extensive winter

ranges. J. Wildlife Manage. 45: 187–196.

Rowland M.M., Alldredge A.W., Ellis J.E., Weber B.J. and White G.C. 1983. Comparative winter

diets of elk in New Mexico. J. Wildlife Manage. 47: 924–932.

Seip D.R. and Bunnell F.L. 1985. Nutrition of Stone’s sheep on burned and unburned ranges.

J. Wildlife Manage. 49: 397–405.

Singer F.J. and Harter M.K. 1996. Comparative effects of elk herbivory and 1988 fires on northern

Yellowstone National Park grasslands. Ecol. Appl. 6: 185–199.

Steinauer E.M. and Collins S.L. 1995. Effects of urine deposition on small-scale patch structure in

prairie vegetation. Ecology 76: 1195–1205.

Thilenius J.F. and Brown G.R. 1974. Long-term effects of chemical control of big sagebrush.

J. Range Manage. 27: 223–224.

Torbit S.C., Carpenter L.H., Swift D.M. and Alldredge A.W. 1985. Differential loss of fat and

protein by mule deer during winter. J. Wildlife Manage. 49: 80–85.

4397



Towne G. and Owensby C. 1984. Long-term effects of annual burning at different dates in ungrazed

Kansas tallgrass prairie. J. Range Manage. 37: 392–397.

Tracy F.T. and McNaughton S.J. 1997. Elk grazing and vegetation responses following a late

season fire in Yellowstone National Park. Plant Ecol. 130: 11–119.

Turner C.L., Blair J.M., Schartz R.J. and Neel J.C. 1997. Soil N and plant responses to fire,

topography, and supplemental N in tallgrass prairie. Ecology 78: 1832–1843.

Turner M.G., Wu Y., Wallace L.L., Romme W.H. and Brenkert A. 1994. Simulating winter

interactions among ungulates, vegetation, and fire in northern Yellowstone Park. Ecol. Appl. 4:

472–496.

Van Dyke F.G., Dibenedetto J.P. and Thomas S.C. 1991. Vegetation and elk response to pre-

scribed burning in south-central Montana. In: Keiter R.B. and Boyce M.S. (eds), The Greater

Yellowstone Ecosystem: Redefining America’s Wilderness Heritage. Yale University Press, New

Haven, Connecticut, USA, pp. 163–179.

Van Dyke F.G., DeBoer M.J. and Van Beek G.M. 1996. Winter range plant production and elk use

following prescribed burning. In: Greenlee J.M. (ed.), The Ecological Implications of Fire in

Greater Yellowstone. International Association of Wildland. Fire, Fairfield, Washington, U.S.A,

pp. 193–200.

Van Dyke F.G. and Klein W.C. 1996. Response of elk to installation of oil wells. J. Mammal. 77:

1028–1041.

Van Dyke F., Klein W.C. and Stewart S.T. 1998. Long-term range fidelity in Rocky Mountain elk.

J. Wildlife Manage. 61: 1020–1036.

Vinton M.A., Hartnett D.C., Finck E.J. and Briggs J.M. 1992. Interactive effects of fire, bison

(Bison bison) grazing and plant community composition in tallgrass prairie. Am. Midland Nat.

129: 10–18.

Wambolt C.L., Walhof K.S. and Frisina M.R. 2001. Recovery of big sagebrush communities after

burning in south-western Montana. J. Environ. Manage. 61: 243–252.

West N.E. and Hassan M.S. 1985. Recovery of sagebrush-grass vegetation following wildlife.

J. Range Manage. 38: 131–134.

Wright H.A. and Bailey A.W. 1982. Fire Ecology, United States and Canada. Wiley, New York.

4398



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


