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ABSTRACT 

 

 

      Sagebrush-grasslands represent a large portion of the plant communities within 

the arid plains of the western United States.  Grasses, forbs, and shrubs exist as 

subdominants to sagebrush that vary in density according to disturbances such as fire, 

wind, and defoliation.  Fire is an important modifier of succession in sagebrush-

grasslands, and shrub response to fire may be altered by browsing.  The fire response of 

gray rubber rabbitbrush (Chrysothamnus nauseosus (Pallas ex Pursh) Nesom & Baird 

ssp. nauseosus) has not been well documented.  Furthermore, it is heavily browsed in 

central and northeastern Montana and is an important winter forage for ungulates.  This 

study investigated how it responds to fire and browsing.  Fifteen sites (9 burned and 6 

adjacent non-burned) in the Missouri River Breaks, Montana were analyzed to investigate 

relationships between shrub density, time since fire, shrub age, and browsing level 

(n=15).  Density was counted in one 625m
2
 macroplot per site.  Gray rubber rabbitbrush 

age (seedling, juvenile, mature) was estimated using basal stem diameter.  A qualitative 

browsing level was assigned based on growth form characteristics (low, moderate, high).  

Time since fire was not significantly correlated with differences in gray rubber 

rabbitbrush (P=0.701, R-sq=0.00%) or sagebrush (P=0.391, R-sq=0.00%) density as a 

percentage of the shrub community (n=9).  As a percentage of the shrub community, big 

sagebrush density at a site was a good indicator of gray rubber rabbitbrush density (n=15, 

P<.001, R-sq=68.45).  Rabbitbrush decreases within the shrub community as sagebrush 

dominance increases.  Gray rubber rabbitbrush composed a higher percentage of the 

shrub community in burned than non-burned sites (n=6, P=0.005).  Big sagebrush 

composed a higher percentage of the shrub community in non-burned sites than burned 

sites (n=6, P=0.001).  The percentage of gray rubber rabbitbrush shrubs in the “high” 

browse class was not a statistically significant predictor of density as a proportion of the 

shrub community (n=13, P-value=0.161, R-sq=9.49%).  Results indicate that gray rubber 

rabbitbrush responds to fire by increasing shortly after disturbance, falling out of the 

community at some threshold as sagebrush is re-established.  Browsing did not affect the 

ability of gray rubber rabbitbrush to dominate for a period after fire. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

Sagebrush-grasslands represent a large component of the vegetation mosaic of the 

arid plains ecosystem in the western United States (McGinnies 1972).  Central and 

eastern Montana prairies exemplify this pattern and contain an array of sagebrush species 

dominants (Mackie 1970).  Forbs, grasses, and other shrubs exist as community 

subdominants and indicate unique soil, geologic, and microclimatic regimes (Mackie 

1970).  Disturbance regimes change the patterns of dominant and subdominant plants on 

the landscape by altering site conditions and plant production (White 1979).  

Disturbances such as defoliation, wind, and fire affect plant community structure and 

dynamics by altering seral stage progression (White 1979, Daubenmire 1968b, Bunting 

1985).  Browsing can affect succession after fire as less palatable plants are left whole 

and do not need to rebuild energy stores following defoliation (Davis 1967). 

While other rabbitbrushes (Chrysothamnus viscidiflorus (Hook.) Nutt. in 

particular) have undergone significant study in the western U.S., the fire response and 

seral role of gray rubber rabbitbrush (Chrysothamnus nauseosus (Pallas ex Pursh) Nesom 

& Baird ssp. nauseosus) has not been well described for sagebrush-grasslands (Blaisdell 

1953, Young and Evans 1974, Wright and Bailey 1982).  It is an important component of 

sagebrush-grasslands in Montana’s Missouri River Breaks, and has been found in all but 

the northwest corner of Montana (Mackie 1970, Winkler 1987, Wood 2004). 
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Management decisions are often based on assumptions about how species interact 

after disturbance, but differing responses to environmental inputs between subspecies can 

be significant and far reaching (Winward 1985).  Subspecies of big sagebrush (Artemisia 

tridentata Nutt.) differ in response to fire, and subspecies differences for rabbitbrush 

could show similar results (Baker 2006, Lesica et al. 2007).  

To that end, this study investigated the patterns of occurrence of gray rubber 

rabbitbrush within burned sagebrush-grassland communities in north central Montana.  

By defining the successional role of gray rubber rabbitbrush, we can refine our 

understanding of the way sagebrush-grassland ecosystems respond to fire. 
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CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

Fire in Sagebrush-Grasslands 

 

 

Sagebrush-grasslands are characterized by sagebrush dominated series’ and 

associations as described by Mackie (1970), adapted from Daubenmire (1952). They are 

associated with cool, dry climatic conditions and exhibit stochastic disturbance regimes 

that influence seral stage progression (Daubenmire 1968a, Mackie 1970). 

Fire is an important modifier of succession in sagebrush-grassland environments 

(Daubenmire 1968a, Bunting 1985, West 2000).  Plant community responses to fire 

affect nutrient cycling, water availability, and habitat suitability for wildlife or domestic 

animals (Wright and Bailey 1982).  Understanding how plants respond to fire allows land 

managers to predict its effects on vegetation management objectives (Eichhorn and Watts 

1984).      

Wright et al. (1979) suggest that sagebrush-grasslands historically burn every 32 

to 70 years, though longer intervals may be more appropriate for Wyoming big sagebrush 

(Artemisia tridentata Nutt. ssp. wyomingensis Beetle & Young) (Wright and Bailey 1982, 

Baker 2006).  Baker (2006) suggests that fire rotation in Wyoming big sagebrush stands 

may be 100-240 years.  In the Charles M. Russell Wildlife Refuge (CMR) region of the 

Missouri Breaks, common fire return intervals between 21-45 years have been suggested 

(Reid and Fuhlendorf 2011) (Figure 1). 
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Figure 1. Mean fire return intervals for the Charles M. Russell National Wildlife Refuge. 

 

 

Shrub Response to Fire 

 

 

Shrubs such as big sagebrush that do not sprout from the crown are readily killed 

by wildfire and take longer to re-establish (Blaisdell 1953, Wright and Bailey 1982, 

Wambolt et al. 2001).  Crown sprouting shrubs can quickly recolonize burned 

rangelands, often dominating the shrub community for 30 or more years (Harniss and 

Murray 1973, Young and Evans 1978, Wambolt et al. 2001).  Forbs, grass, and sprouting 

shrubs like gray rubber rabbitbrush initiate vegetative recovery by stabilizing soils and 

cycling nutrients (VanDersal 1972). 

The successional role of rubber rabbitbrush has been described as early to mid 

seral, decreasing in abundance as sagebrush reestablishes after disturbance (Chadwick 

and Dalke 1965, McLendon and Redente 1991, Wangler and Minnich 1996).  While the 

genus Chrysothamnus has been shown to resprout vigorously after perturbation, there is 

some question as to the response of rubber rabbitbrush and associated subspecies 
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(Blaisdell 1953, Robertson and Cords 1957, Young and Evans 1974, Wright and Bailey 

1982, Johnson and Strang 1983, Young 1986).  High intensity fires are more likely to kill 

resprouting crown tissue, and subspecies nauseosus may sprout more epicormically than 

others (Wright et al. 1979). 

In Northwest Colorado rubber rabbitbrush became a dominant early seral shrub 

five years after soil disturbance (Mclendon and Redente 1991).  On settled dune sands in 

Idaho, Chadwick and Dalke (1965) found that rubber rabbitbrush was a community 

dominant for years 10-70 following disturbance, yielding to big sagebrush (Artemisia 

tridentata) later in succession.  In burned pinyon-juniper woodlands with a sagebrush 

component, Wangler and Minnich (1996) found that rubber rabbitbrush established 

quickly after fire and was an important shrub component on 13 sites between 5 and 47 

years old.  These studies did not distinguish between subspecies of rubber rabbitbrush 

despite differing traits and responses among subspecies and ecotypes (Winkler 1987). 

Seral stage progression after fire in shrublands depends on fire intensity, site 

characteristics, and plant-animal interactions (White 1979).  Browsing of crown sprouting 

shrubs after fire may affect their recovery and alter successional pathways (Davis 1967, 

Hobbs 1996).  In southern California, insect and ungulate browsing altered community 

composition during the first three years of succession after fire (Hobbs 1996). 

 

Browsing Effects on Shrubs 

 

 

Ungulate browsing can alter succession by favoring species that are less palatable, 

tolerant of browsing, and more able to secure nutrients (Anderson and Katz 1993, Hobbs 
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1996, Keilland and Bryant 1998).  Browsing affects succession and community 

composition in sagebrush grasslands by limiting productivity, germination, and survival 

(Singer and Renkin 1995, Wambolt and Sherwood 1999). 

As shrubs are browsed by wildlife, forage quality, forage amount, rooting depth, 

and plant dimension are influenced.  The result is an altered capacity to perform 

ecological functions.  Browsing intensity and season dictate changes in individual 

morphology and physiology (Willard and McKell 1978).  Under high browsing pressure 

removal of terminal leaders causes a change in growth form, influencing production and 

individual fitness (Keigley and Frisina 1998). 

 

Gray Rubber Rabbitbrush Use and Nutritional Value 

 

 

Rubber rabbitbrush has been shown to receive heavy winter use by ungulates in 

N. Central Montana, and was identified by Mackie (1970) as an important early winter 

forage species for mule deer (Wood 20004).  Rabbitbrush was the largest single winter 

dietary component for mule deer in Montana’s Rosebud County (Eustace 1971).  Winkler 

(1987) noted that gray rubber rabbitbrush plants were often browsed to dwarf forms on a 

site in Dawson County, MT.   Because of resource competition between shrub species, 

even resilient sprouting shrub communities may be altered by ungulate browsing 

(Wambolt and Sherwood 1999). 

Rubber rabbitbrush is nutritionally valuable for browsing ungulates and should be 

managed as such. Winter crude protein and crude fat for rabbitbrush in northern Colorado 

are 6-7% and 15-19% respectively (Short et al. 1966).  In central Oregon, crude protein 
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ranged from 8-9% from November to April (Urness 1966).  Seven subspecies of rubber 

rabbitbrush from the western U.S. were analyzed for mid-winter crude protein and 

digestibility (Bhat et al. 1990).  Crude protein varied from 9.2-12.0% and in vitro dry 

matter digestibility ranged from 35.9-49.7 (Bhat et al. 1990).  Digestibility in that range is 

above average for winter forage (Welch 1989).   

Despite its disproportionately high use and nutritional value, little research has 

been conducted on the fire and browsing response of gray rubber rabbitbrush.   

 

Hypotheses 

 

 

 It is expected that gray rubber rabbitbrush will quickly establish following fire, 

gradually decreasing in abundance as sagebrush is re-established (Wangler and Minnich 

1996).  Therefore, we hypothesize that rabbitbrush and sagebrush densities as a 

proportion of the shrub community will differ between burned and non-burned sites.  The 

null hypothesis is that burned and non-burned sites will show no difference for 

rabbitbrush and sagebrush density.  Additionally, we hypothesize that the gray rubber 

rabbitbrush component of the shrub community will be negatively correlated with 

browsing intensity.  The null hypothesis is that high browsing levels will not be a good 

predictor for the proportion of rabbitbrush in the shrub community. 

 

Objectives 

 

 

1.Determine if time since fire is a viable predictor for sagebrush/gray rubber rabbitbrush 

community structure 
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2.Analyze post-fire relationships among shrubs in sagebrush-grasslands to determine 

what species dominate the site after fire 

3.Investigate relationships between gray rubber rabbitbrush density, browsing level, and 

plant age to consider how age may affect browsing level, and how browsing level may 

affect density 

4.Compare burned and non-burned sites to determine if shrub community structure 

differs between them 
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CHAPTER 3 

 

 

METHODS 

 

 

Study Area 

 

 

Sampling was conducted in historic burned areas of the Missouri River breaks in 

north central Montana (Figure 2).  The “breaks” environment is characterized by narrow 

valleys and sharp ridgelines falling from plateaus to the Missouri River (Mackie 1970).  

Soils are clays and silt clays; complexes are common (NRCS 2011).  The dominant soils 

are born of the Hell Creek and Bearpaw shale formations, the latter composing the bulk 

of the sites included in this study (Raines and Johnson 1995).  Soil descriptions for the 

study area can be found in Appendix A (NRCS 2011).   

 

 
Figure 2. Aerial view of study area in northeastern Montana. 
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Annual precipitation is low (25-38cm), with 20-30% in the form of snow (Nesser 

et al. 1997).  Average temperatures range from -9 to 21 degrees Celcius (Mackie 1970).  

Vegetation is characterized by Artemisia-Agropyron, Pseudotsuga-Juniperius, 

Sarcobaus-Agropyron and Pinus-Juniperus habitat types (Mackie 1970).  Sampling 

primarily took place in the Artemisia-Agropyron type, though overlap with other types 

was common.  

  Land within the study area is adjudicated by the U.S. Fish and Wildlife Service, 

Bureau of Land Management, and private owners. Seasonal livestock grazing occurs 

throughout the region.  The U.S. Fish and Wildlife Service (USFWS) and Bureau of Land 

Management (BLM) provided point data for the location of fires dating from 1964, 

though information on location and burn size was limited for the oldest burns.   

 

Experimental Design 

 

 

In order to be considered for sampling, a burn was to exhibit a size of at least 50 

acres, a sagebrush-grassland habitat type with a gray rubber rabbitbrush component, and 

it must have not re-burned since the recorded event date.  All sites that met these criteria 

were separated according to age into three classes (0-10, 11-20, and 21-30 years since 

fire).  Three burns were randomly selected for sampling from each class so that a 

chronological range of vegetative responses could be analyzed. 

A sample location within each of the nine selected burns that showed clear 

evidence of fire was established based on the judgment of a representative vegetative 

structure and landform (Lesica 2007).  Because wildfires burn in a heterogeneous pattern, 
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an area within the fire perimeter may not have burned (Morgan et al. 2001).  Sample sites 

could not be randomly selected for this reason (Figure 3).  

 

 
Figure 3. Example of site selection within a recorded burn. 

 

At each site, a 25m x 25m macro-plot (625m
2
) was established from a point of 

origin (Figure 4).  A large sample plot was necessary to capture the variability associated 

with the landscape and subspecies of interest (Bob Skinner, USFWS Biologist, Charles 

M. Russell National Wildlife Refuge, personal communication).  Aspect and the cardinal 

direction (from origin) of the right hand plot boundary were recorded.  A 35.4m cross 

sectional transect was set from the point of origin to the opposite corner.  Reference 

photos were taken along the right hand plot boundary and diagonal transect.   
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Figure 4. Macroplot design (625m

2
) and transect orientation. 

 

Cover 

 

 

The line intercept method for estimating shrub cover was used along the transect 

(Canfield 1941).  A plumb bob and surveying line were used to ensure accurate 

measurements of shrub interception, and canopy spaces greater than three centimeters 

were not included in cover values (Wambolt et al. 2006).  Cover measures were recorded 

for the purpose of future monitoring and were not statistically analyzed.  Values can be 

found in Appendix B. 

Density and Age Class 

 

 

Density was recorded by counting for each shrub species within the macroplot.  

Density was favored as the primary measurement metric because it is independent of the 
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seasonal variation associated with cover.  In addition, a general shrub age class was 

assigned to each gray rubber rabbitbrush individual according to maximum basal stem 

diameter.  A vegetative, non-woody stemmed shrub was considered a seedling, a 

diameter ≤1cm was recorded as juvenile, and >1cm mature (Lesica et al. 2007).   Stem 

diameter has been used as a surrogate age measure in sagebrush when counting age rings 

is not feasible (Perryman and Olson 2000).  It was assumed that approximate rabbitbrush 

age could be estimated using stem diameter since it shares many growth characteristics 

with sagebrush and is in the same phenological family (Asteraceae).  

 

Browsing Assessment 

 

 

 With only one field season to collect browsing data, a quantitative measurement 

based on use was not possible.  Rabbitbrush individuals were grouped into one of three 

browsing classes (low, moderate, high) based on growth form and apparent browsing 

history (Figure 5).  Browsing alters the growth patterns of shrubs and growth form can be 

used as an indicator of use (Patton and Hall 1966, Willard and McKell 1978, Wambolt et 

al. 1994).  Seedlings were not given a browsing classification because of their diminutive 

size and absence of physiological browsing response. 
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Figure 5.  Browsing classes for gray rubber rabbitbrush according to growth form and 

characteristics.  A “low” value indicates minimal structural deformation, few browsed 

leaders, and no appreciable stem death.  “Moderate” class shrubs show characteristics of 

some historic use (slight structural alteration, thickened basal stem, some stem mortality) 

but produce biomass at normal levels and do not appear “dwarfed” by browsing.  

Individuals given a “high” browsing class value show extensive stem death, reduced 

productivity and seed production, and high basal stem diameter:height ratios. 

 

Non-Burned Sites 

 

 

Six non-burned sites were sampled adjacent to companion burned sites.  Sampling 

plots were located on slopes, aspects, and landforms similar to the adjacent burned sites 

in order to minimize differences in soil and microclimate (Lesica et al. 2007).  All non-

burned sites were less than 100m from their burned counterpart.  The same density, 

cover, age, and browsing assessments were made. 

 

Data Analysis 

 

 

The data were analyzed using Minitab 16 (Minitab Inc. 2012).  A sample site was 

the experimental unit (n=15).  A simple linear regression was run plotting gray rubber 

rabbitbrush and big sagebrush density as the dependent variables and time since fire as 

the predictor.  Results were considered significant when P<0.05. 

High Moderate Low 
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A one way analysis of variance (ANOVA) was used to determine if rabbitbrush 

density in initial age class groupings (0-10, 10-20, 20-30 years since fire) were 

significantly different (P<0.05).  A cluster analysis of rabbitbrush density and time since 

fire was used to determine if natural groupings were formed based on those variables 

(>90% similarity).  If so, ANOVA would test for difference between those groups. 

Burned sample units with adjacent non-burned sites (n=6) were analyzed using a 

paired t-test to see if the community percentages of gray rubber rabbitbrush differ 

between treatments (P<.05).  Anderson-Darling normality tests were run on burned and 

non-burned data to assess normality (P>0.05) (Appendix C) (Minitab 2012).  For gray 

rubber rabbitbrush, burned sites showed a normal distribution, but non-burned sites 

required a Johnson transformation (P>0.05) to meet normality criteria (Minitab 2012).  

For big sagebrush, non-burned sites required a Johnson transformation (P>0.05) (Minitab 

2012). 

For each site, the proportion of age class (seedling, juvenile, mature) and 

browsing level assignments (low, moderate, high) was calculated.  Regression analysis 

(P<0.05) was used to detect relationships among densities as a proportion of the shrub 

community, plant age class, and browsing class. 
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CHAPTER 4 

 

 

RESULTS 

 

 

Density and Time Since Fire 

 

 

 Density data are reported in Appendix D.  Because this study focused on changes 

in community composition after fire, density as a percentage of the total shrub population 

was a more meaningful indicator of successional dynamics. 

 Gray rubber rabbitbrush and Wyoming big sagebrush were the dominant shrubs 

across all study areas, though skunkbush sumac (Rhus trilobata Nutt.) and greasewood 

(Sarcobatus vermiculatus (Hook.) Torr.) could be considered subdominants at some sites 

(Table 1) (Appendix D). 

 

Table 1. Density as a percentage of the shrub community for the four most common 

shrub species (n=15). 

Species Mean 
Density 

Standard 
Deviation 

Minimum Maximum 

Artemisia 
tridentata 

36.74 33.39 0.00 88.10 

Chrysothamnus 
nauseosus ssp. 
nauseosus 

33.96 30.95 0.00 86.80 

Rhus trilobata 
 

10.47 16.21 0.00 50.00 

Sarcobatus 
vermiculatus 

7.9 16.38 0.00 59.90 

 

 

 Time since fire was not significantly correlated with differences in gray rubber 

rabbitbrush (P=0.701, R-sq=0.00%) or sagebrush (P=0.391, R-sq=0.00%) density as a 

percentage of the shrub community (n=9) (Figure 6).  
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Figure 6. Regression for gray rubber rabbitbrush and big sagebrush as a percentage of the 

shrub community vs. time since fire. 

 

As a percentage of the shrub community, big sagebrush density at a site was a 

good indicator of gray rubber rabbitbrush density (n=15, P<.001, R-sq=68.45) (Figure 7).  

Rabbitbrush decreases within the shrub community as sagebrush dominance increases. 
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Figure 7. Regression for gray rubber rabbitbrush vs. big sagebrush density as a 

percentage of the shrub community.  Gray rubber rabbitbrush decreases as a proportion of 

the shrub community as big sagebrush increases. 

 

 

Analysis of Variance and Cluster Analysis 

 

 

 An analysis of variance based on the three fire age classes did not show 

significant differences among rabbitbrush density means (P=0.459).  A cluster analysis 

did not indicate natural groupings with a high similarity index (Figure 8).  Therefore, 

further ANOVA tests were not conducted. 
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Figure 8. Dendrogram for cluster analysis of density and time since fire. 

 

Burned and Non-Burned Comparison 

 

 

Gray rubber rabbitbrush composed higher percentage of the shrub community in 

burned than non-burned sites (n=6, P=0.005) (Table 2). 

 

Table 2. Means and standard deviations for gray rubber rabbitbrush as a proportion of the 

shrub community in burned and non-burned sites. 

 Mean Standard Deviation 

Burned 57.198 28.813 

Non-Burned 6.655 10.37 
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Figure 9. Interval plot for gray rubber rabbitbrush as a proportion of the shrub community 

in burned and non-burned sites. 

 

Big sagebrush appears as a higher percentage of the shrub community in non-

burned sites than burned sites (n=6, P=0.001) (Table 3) (Figure 10). 

 

Table 3. Means and standard deviations for big sagebrush as a proportion of the shrub 

community in burned and non-burned sites. 

 Mean Standard Deviation 

Burned 10.953 19.532 

Non-Burned 67.135 22.805 
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Figure 10. Interval plot for big sagebrush as a proportion of the shrub community in 

burned and non-burned sites. 

 

Age and Browsing Relationships 

 

 

Overall, there was not a significant relationship between a “high” browsing level 

assignment and “mature” age class for gray rubber rabbitbrush (n=13, P=0.261, R-

sq=4.18) (Figure 11).   
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Figure 11. Regression for the proportion of rabbitbrush shrubs in the “high” browsing 

class vs. the percentage in “mature” age class. 

 

The percentage of gray rubber rabbitbrush shrubs in the “high” browse class was 

not a statistically significant predictor of density as a proportion of the shrub community 

(n=13, P-value=0.161, R-sq=9.49%) (Figure 12). 
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Figure 12. Regression for gray rubber rabbitbrush as a proportion of the shrub community 

vs. the percentage of shrubs in the “high” browse class. 

 

 

A graph plotting community composition for the two dominant shrub species 

(gray rubber rabbitbrush and big sagebrush) shows no discernible pattern within a 30 year 

time frame after fire (Figure 13).   
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Figure 13. Big sagebrush (ARTR) and gray rubber rabbitbrush (CHNA) proportion 

within the shrub community as a function of time since fire.  Site data for years 3 (n=3) 

and 17 (n=2) are averaged. 
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CHAPTER 5 

 

 

DISCUSSION 

 

 

 Time since fire did not prove to be a valuable predictor of gray rubber rabbitbrush 

or big sagebrush density within the study area.  This does not follow Wangler and 

Minnich (1996), who showed patterned increases and decreases in rubber rabbitbrush 

density followings fire, peaking between 33 and 35 years.  They observed burns up to 

160 years old, giving a broad chronological perspective on fire response (Wangler and 

Minnich 1996).  Rabbitbrush subspecies was not considered.   

    There are several possible reasons that dominant shrubs at the sites in this study 

did not follow expected patterns within 30 years.  More sample sites may have been 

necessary to capture successional trends.  A sample size adequacy test based on sample 

standard devations and a 95% confidence interval was performed for rabbitbrush and 

sagebrush density.  The results indicate that 107 and 75 sample sites, for rabbitbrush and 

sagebrush respectively, would be required to achieve a 5% margin of error for the means.  

Achieving such sample sizes for this study area would be unlikely because there were a 

limited number of sites that met all of the criteria for sampling, and re-sampling within 

the same burn would result in auto-correlation effects. 

 Additionally, we do not know how severely or frequently these sites burned.  

While none were burned since the recorded event date, frequency of previous fires before 

the recorded burns is not documented.  Fire intensity affects the growth response of 

shrubs, and the response of subspecies nauseosus is not well defined (Wright et al. 1979, 
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Wright and Bailey 1982, Baker 2006).  Thus, it may respond differently to fire than the 

rabbitbrush ecotype observed by Wangler and Minnich (1996).  Also, fuel load 

differences between the pinyon-juniper zone that Wangler and Minnich (1996) observed 

and sagebrush-grasslands within the study area may account for different patterns of fire 

response. 

 Finally, the presence of bare, clay pan areas within burns (common in central and 

eastern MT) may influence how quickly sagebrush communities recover from fire.  

Sagebrush commonly grows in and around these areas, escaping mortality because of a 

lack of understory to carry fire into it.  These sites serve as refuges for mature sagebrush 

and a seed source for rapid re-establishment in the surrounding area (Figure 13). 
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Figure 14. A microsite “refuge” for big sagebrush.  Note unburned shrubs in the clay pan 

area and burned shrub skeletons on the perimeter. 

 

 

Despite no linear relationship between shrub density and time since fire, the 

results indicate that gray rubber rabbitbrush was a larger community component than 

sagebrush in burned areas (57% compared to 11%).  Sagebrush was a larger community 

component than rabbitbrush in non-burned areas (67% compared to 7%).   Additionally, 

rabbitbrush density varied significantly according to sagebrush density.  These data 

indicate that there is a possible threshold after fire where sagebrush begins to dominate 

and lesser shrubs such as gray rubber rabbitbrush decrease in abundance.    This is 
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congruent with Wangler and Minnich (1996), who showed that rubber rabbitbrush 

increases immediately after fire and decreases as sagebrush begins to dominate over time.   

 It is intuitive that because gray rubber rabbitbrush receives most ungulate use in 

the late fall and early winter that larger, mature shrubs rising above the snow level would 

be subject to heavy browsing.  Unexpectedly, the percentage of “mature” class shrubs at a 

site was not a significant predictor for the percentage of “high” browsing class 

individuals.  However, for sites where greater than 40% of the gray rubber rabbitbrush 

was in the “mature” age class (n=8), percent of “mature” individuals was significantly 

correlated with the percent of “high” browsing class at P<0.10 (n=8, P=0.076, R-

sq=33.76%).  While not a strong relationship it may warrant further investigation.  It is 

possible that ungulates prefer to browse sites where a high percentage of rabbitbrush 

individuals are available for use in snowy conditions. 

Although this study did not find a significant relationship between heavy 

browsing and gray rubber rabbitbrush density, further investigation with more advanced 

methods of browse measurement would be useful.   Browsing affects shrubs and their 

ability to cope with environmental stressors, and gray rubber rabbitbrush receives 

disproportionately intense use within the study area (Mackie 1970, Singer and Renkin 

1995, Wood 2004).  Therefore, specific measures of browsing use would be beneficial for 

resource planning and ungulate management.  As an important browse species in this 

region, special care should be taken in understanding how gray rubber rabbitbrush 

interacts with both fire and browsing.  The availability of gray rubber rabbitbrush on 

early successional sites may be important for meeting ungulate nutritional needs.  Big 



 

 

29 

sagebrush is also a valuable winter forage for ungulates and late seral communities offer 

high nutritional value as well (Mackie 1970).  The midwinter crude protein of Wyoming 

big sagebrush is 11.25%, exceeding the winter requirement for browsers (Wambolt 

2004). 

 An analysis of variance confirmed the results of a cluster analysis showing no 

natural site groupings according to time since fire.  This is reflective of the non-linear 

relationship observed for gray rubber rabbitbrush density in areas burned within the last 

30 years. 

 A fire rotation between 100-240 years is commonly expected for Wyoming big 

sagebrush stands (Baker 2006).  Because Wyoming big sagebrush was a high percentage 

of the shrub population in years 20 and 28 since fire, it is feasible that a shorter fire 

rotation such as that suggested by Reid and Fuhlendorf (2011) may not apply to specific 

shrub habitat types.  Importantly, the 21-45 year estimation made by Reid and Fuhlendorf 

(2011) for the Missouri River Breaks is not specific to habitat types and encompasses a 

high degree of landscape variability. 

Because site selection was randomized, a data gap occurred between 3 and 17 

years following fire even though fires within that age range had been recorded.  Future 

studies should aim to gather data across the entire age range; ignoring randomization if 

necessary.  For  shrub density as a function of time since fire a non-random approach to 

data collection may be preferrable. 
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CHAPTER 6 

 

 

MANAGEMENT IMPLICATIONS 

 

 

 The results of this study indicate that the fire response of Chrysothamnus 

nauseosus ssp. nauseosus is similar to other Chrysothamnus species (Wangler and 

Minnich 1996, Tirmenstein 1999).  It was the dominant shrub on three sites three years 

after fire, showing an ability to resprout following disturbance.  On sites that had not 

burned in at least thirty years, it was outcompeted by sagebrush.  Sagebrush is an 

excellent competitor for water and nutrients because of a strong lateral and vertical 

rooting system (Sturges 1977). 

 When considering prescribed fire or implications stemming from wildfire in 

sagebrush grasslands, we can expect gray rubber rabbitbrush to respond favorably to fire.  

At some time interval after disturbance big sagebrush will become the dominant shrub 

species.  Despite clearly documented differences in the fire response of big sagebrush 

subspecies, this subspecies of rabbitbrush did not respond differently than the species as a 

whole. 

The lack of a linear relationship between rabbitbrush density and time since fire 

suggests that managers should use caution when assuming community composition 

following fire.  While rabbitbrush did resprout following disturbance, its persistence at a 

site will likely depend on burn severity and topo-edaphic conditions, which may give big 

sagebrush a colonization advantage. 
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 Based on this research, land managers working in this study area can expect that 

locations with a high proportion of gray rubber rabbitbrush have recently burned.  Also, 

areas where big sagebrush is a large proportion of the shrub population will have little 

gray rubber rabbitbrush.   It will be available as an ephemeral forage base following fire, 

though sagebrush will serve as a longer term winter food source for ungulates. 
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SOIL DESCRIPTIONS 
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Site 
Number 

Soil Unit 
Symbols 

Dominant Soil Types Dominant Soil 
Texture 

1 1977F Volborg-Pinebreaks-Rock outcrop 

association 

Clay 

2 64 Dilts-Julin-Rock outcrop complex Clay 

3 1977F Volborg-Pinebreaks-Rock outcrop 

association 

Clay 

4 375D Cambeth-Twilight-Cabbert complex Silt Loam 

5 64 Neldore-Bascovy-Rock outcrop 

complex 

Silty Clay 

6 64 Neldore-Bascovy-Rock outcrop 

complex 

Clay 

7 65, 234 Dilts-Thebo-Neldore clays; Thebo 

clay 

Clay 

8 521B, 

973E 

Elloam-Absher complex; Neldore, 

cool-Bascovy clays 

Clay Loam, Clay 

9 521B, 

973E 

Elloam-Absher complex; Neldore, 

cool-Bascovy clays 

Clay Loam, Clay 

10 1400F Rock outcrop-Arsite association Clay 

11 251C, 

1977F 

Bascovy-Neldore clays; Volborg-

Pinebreaks-Rock outcrop association 

Clay 

12 302B, 

1977F 

Marvan-Vanda clays; Volborg-

Pinebreaks-Rock outcrop association 

Clay 

13 973E Neldore, cool-Bascovy clays Clay 

14 973E Neldore, cool-Bascovy clays Clay 

15 925C, 

973E 

Sunburst-Bascovy-Weingart 

complex; Neldore, cool-Bascovy 

clays 

Clay 
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PERCENT COVER BY SITE 
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Shrub Species Site Number 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Chrysothamnu
s nauseosus 
ssp. nauseosus 

1.3 1.8 -- 0.9 -- -- -- 1.4 -- -- 0.3 -- 1.2 -- 1.6 

Artemisia 
tridentata 

-- 0.2 4.7 -- -- 4.4 6.4 -- 1.1 2.9 0.8 5.1 -- 1.4 -- 

Rhus trilobata 
 

2.8 0.9 7.6 -- 2.6 -- 2.6 -- -- -- -- -- 1.9 -- -- 

Sarcobatus 
vermiculatus 

-- -- -- -- -- 6.8 -- -- -- -- -- -- -- -- -- 

Artemisia 
cana 
 

-- -- -- 0.2 -- -- -- -- -- -- -- -- -- -- -- 

Eriogonum 
pauciflorum 

-- -- -- 0.3 -- -- -- -- 1.1 0.2 -- -- -- -- -- 

Juniperus 
scopulorum 

-- -- -- -- -- -- -- -- -- -- 1.9 -- -- -- -- 

Gutierrezia 
sarothrae 

-- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.3 

Chrysothamnu
s nauseosus 
ssp. 
graveolens 

0.4 -- 4.5 -- -- -- -- -- -- -- -- -- -- -- -- 
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APPENDIX C 

 

 

 

NORMALITY TEST RESULTS AND  

 

JOHNSON TRANSFORMATION VALUES  
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 AD Value P-Value Transformed 
AD Value 

Transformed 
P-Value 

Chrysothamnus nauseosus ssp. nauseosus 

Burned 0.255 0.574 -- -- 

Non-Burned 0.745 0.024 0.249 0.595 

Artemisia tridentata 
Burned 1.010 <.005 0.500 0.121 

Non-Burned 0.450 0.172 -- -- 
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APPENDIX D 

 

 

DENSITY (STEMS/HA) 
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Shrub Species Site Number 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Chrysothamnus 
nauseosus ssp. 
nauseosus 

1984 9024 480 528 128 64 -- 288 656 16 64 -- 304 128 384 

Artemisia 
tridentata 

160 960 1312 256 -- 848 2080 -- 1120 3648 288  6736 -- 1008 32 

Rhus trilobata 
 

176 208 96 -- 176 16 32 208 48 -- 128 -- 96 16 16 

Sarcobatus 
vermiculatus 

-- 48 64 -- -- 1504 656 -- -- 976 -- 912 -- -- -- 

Artemisia cana 
 

16 -- 144 96 16 80 -- -- -- 64 -- -- -- -- -- 

Eriogonum 
pauciflorum 

-- -- -- 160 16 -- -- -- 704 208 -- -- 32 -- 64 

Juniperus 
scopulorum 

-- -- 64 -- -- -- -- -- -- 16 32 -- -- -- -- 

Gutierrezia 
sarothrae 

16 144 -- -- 16 -- -- -- -- -- 64 -- -- -- 144 

Chrysothamnus 
nauseosus ssp. 
graveolens 

112 -- 208 -- -- -- -- -- -- -- -- -- -- -- -- 

Ribes cereum 
 

16 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Atriplex 
confertifolia 

-- -- -- 48 -- -- -- -- -- -- -- -- -- -- -- 

Atriplex 
gardneri 
 

-- -- -- 64 -- -- -- -- -- -- -- -- -- -- -- 
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APPENDIX E 

 

 

GRAY RUBBER RABBITBRUSH BROWSING 

 

AND PLANT AGE CLASS DATA RAW COUNT 
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Site 
Number 

Time Since 
Fire (years) 

Plant Age Class Browsing Class 

  Seedling Juvenile Mature Low Moderate High 

1 23 33 55 36 5 28 58 

2 3 45 282 282 60 80 424 

3 28 -- 7 22 -- -- 29 

4 3 -- 21 12 1 1 31 

5 3 -- 4 4 -- 5 3 

6 -- -- 2 2 -- 1 3 

7 -- -- -- -- -- -- 0 

8 17 2 8 8 -- 2 14 

9 -- -- 2 39 2 8 31 

10 -- -- -- 1 -- -- 1 

11 20 -- 4 -- -- -- 4 

12 -- -- -- -- -- -- -- 

13 26 -- 10 8 4 8 6 

14 -- -- 2 6 -- 1 7 

15 17 1 2 21 -- 1 22 

 

 

 

 

 

 


