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ABSTRACT 

 

DEVELOPMENT OF A SAGEBRUSH STEPPE PLANT COMMUNITY 33 YEARS 

AFTER SURFACE DISTURBANCE 

 
The sagebrush steppe ecosystem is the most endangered ecosystem in 

North America due to sagebrush eradication, weed invasions and energy 

development.  Restoration of sagebrush steppe plant communities damaged by 

these disturbances is extremely important to the survival of endangered or 

threatened sagebrush dependant species such as the sage-grouse and 

Columbia Basin pygmy rabbit.  In the fall of 1976 a field experiment was initiated 

in the Piceance Basin of northwestern Colorado to study the effects of six seed 

mixes and three fertilizer treatments on the restoration of a sagebrush steppe 

plant community after surface disturbances associated with oil shale 

development.  We revisited these study plots during 2008 and 2009 to determine 

the long-term effects of these treatments on plant community development. 

Results from this 33-year study indicate that seed mix has long-term 

effects on the plant community production and composition.  The composition of 

the plant community in all seeded plots was very similar to that of the seed mix 

used in 1976.  The late-seral dominant shrub species in this system, sagebrush
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 (Artemisia tridentata), which was not seeded in any of the treatments, did not 

recover as the dominant shrub species.  An initial fertilizer treatment had short-

term effects on the plant community but its effects have become insignificant 

over time.  A seed mix containing native species with no fertilizer addition 

appears to be the best long-term treatment for restoring a native sagebrush 

steppe plant community in this study. 
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Introduction 

 

Big sagebrush (Artemisia tridentata) is the dominant and arguably the most 

important plant species of the sagebrush steppe ecosystem in western North 

America (Prevey et al. 2010).  It grows primarily in the intermountain west, 

situated between the Sierra Nevada and the Cascades Mountains to the west and 

the Rocky Mountains to the east.  It once covered an area of approximately 44.8 x 

106 hectares (West 1983) but is now estimated that as much as half of this 

ecosystem has already been lost (McIver 2010).   

 

The sagebrush steppe has undergone many intense changes since European 

settlement brought livestock and agriculture.  Land managers have removed 

sagebrush by prescribed burning, herbicides and mechanical methods to make 

room for forage species and farmland.  With the introduction of cheatgrass 

(Bromus tectorum) in the late eighteen hundreds, the fire regime in some areas 

has increased to a frequency to which sagebrush is not well adapted (Baker 

2006).  Energy development is also contributing to the degradation and 

destruction of suitable sagebrush habitat.  A model created by Walston et al. 

(2009) indicates that 1750 hectares of sagebrush in Wyoming have been directly 

impacted by natural gas infrastructure and that more than 50% of sagebrush 

habitat has been degraded.   
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Many sagebrush obligate animal species are also in direct danger of extinction 

due to habitat loss.  The Columbia Basin pygmy rabbit is listed as endangered by 

the US Fish and Wildlife Service (U. S. Fish & Wildlife Service 2010) along with 

the highly visible Gunnison sage-grouse, which is a conservation species of 

concern in Colorado (Colorado Division of Wildlife 2010) and is listed as an 

endangered species in Canada (Committee on the Status of Endangered Wildlife 

in Canada 2010).  One model predicts a 7-19% decrease in sage-grouse 

populations due to future oil and gas development (Copeland et al. 2009).  With 

predicted rising temperatures and decreasing snow fall due to climate change, 

sagebrush populations and cover are predicted to decline (Poore et al. 2009) 

making the sagebrush steppe the most endangered ecosystem in North America 

(Knick et al. 2003). 

 

The sagebrush steppe in the Piceance Basin of Northwestern Colorado is part of 

the larger Green River Basin that extends into southwestern Wyoming and 

eastern Utah.  Oil shale was discovered in this region during the late 1800’s and 

contains an estimated 1 trillion barrels of oil (Dyni 2002) lying underneath 

approximately 36,000 km2 (13,900 mi2) of land area. Many attempts over the last 

century have been made to efficiently extract the oil shale, but none to date have 

proven to be profitable.  In the future, it is likely that this oil deposit will be 

extracted resulting in a large-scale disturbance.  Revegetating these disturbed 

areas with native species is paramount for the survival of the sagebrush 
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ecosystem, sagebrush dependant species and to meet the standards set by the 

federal Surface Mining Control and Reclamation Act of 19771. 

 

A large research project, consisting of 10 separate studies, was initiated in the 

Piceance Basin of northwestern Colorado in 1976 to provide information for the 

reclamation of a sagebrush steppe plant community disturbed by oil shale 

development.  One of the studies, Successional Study on Surface Disturbed Soils 

(SSSDS), was designed to examine the effects of seed mixes and fertilizer 

treatments on plant community recovery following surface disturbances 

associated with ancillary mining activities, such as access roads and staging 

areas (Cook and Redente 1980).  During the installation of this study 

aboveground plant biomass and topsoil were removed, leaving the study site in a 

state similar to the early stages of primary succession (Bradshaw 1997). 

 

The species that are first to arrive at such disturbances have priority and therefore 

may become dominant in the plant community (Young et al. 2001).  In addition to 

being dominant, these species also set the trajectory of the subsequent and final 

plant communities (Egler 1952, Drake 1991).  Such an effect is often referred to 

as initial floristics (Egler 1952) or, more recently as priority effects (Drake 1991). 

 

                                                           
1 Surface Mining Control and Reclamation Act of 1977, title 30, chapter 25, subchapter V, 

 1265.b19 
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The objective of this thesis was to document the priority effects of the initial six 

seed mixtures and initial three fertilizer treatments.  I hypothesize that a seed 

mixture containing native grasses, forbs and shrubs with no fertilizer treatment is 

the best for creating a productive, diverse native plant community in a disturbed 

sagebrush steppe in northwestern Colorado compared to the other five native and 

introduced seed mixes. 

 

Materials and Methods 

 

The study site is situated on 2.5 hectares in a sagebrush steppe community in the 

Piceance Basin of northwestern Colorado, 60 km NW of Rifle, CO (39°54’13’’ N, 

108°24’02’’ W).  Climate of the area is semiarid with a mean annual temperature 

of 8.7°C and mean annual precipitation of 294 mm with about half being received 

as snow during the winter and spring months (November-April) (National Weather 

Service 2007).   

 
To examine the effects and interactions of seed mixture, fertilizer and mulch, the 

vegetation, along with the top 2-6 cm of soil, was removed with a bulldozer.  Soil 

was then ripped to a depth of 30 cm.  The study site was divided into 108, 9-m X 

18-m plots in a split-plot design with six seed mixtures comprising the main plots 

and three fertilizer treatments comprising the subplots (Figure 1).  Study plots 

were surrounded by a healthy sagebrush ecosystem situated on level ground at 

an average elevation of 2020 m.  Hydro-mulch was applied to the 54 perimeter 
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plots (grey plots in Figure 1), but its effects were considered insignificant (Johnson 

1981) and therefore, those plots were not included in the present study.  Six 

different seed mixtures of native and introduced grasses, forbs, and shrubs were 

drill seeded on the site (Table 1) in September of 1976.  Winterfat 

(Krascheninnikovia lanata) was broadcast seeded prior to drilling because it has a 

tufted seed that could not be drill seeded evenly in the study plots.   
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Figure 1.  Plot layout at the Successional Study on Surface Disturbed Soils in the 
Piceance Basin of northwest Colorado.  Alphanumeric code indicates seed mix 
and fertilizer treatment combination (A=native grass, C=native grass forb, 
E=native grass forb shrub, B=introduced grass, D=introduced grass forb, F=native 
& introduced grass forb shrub, 1=112 kg N ha-1 and 56 kg P ha-1, 2=56 kg N ha-1 
and 28 kg P ha-1, and 3=no fertilizer) and the number is the plot number (45-98).  
The grey shaded plots had hydro-mulch applied and were determined not to be 
significant after 3 years and therefore were not included in the present study.
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Table 1.  Seed mixes used in 1976 at the Successional Study on Surface 
Disturbed Soils in the Piceance Basin of northwestern Colorado (LF=life form; 
G=grass, f=forb and S=shrub).  Species with a star (*) were included in the seed 
mix but were not found in any quadrats sampled in 2008 or 2009. 

Scientific name Common name 

Seeding 
Rate  

(kg ha-1) LF Nativity 

Mixture A - Native grasses      

Pseudoroegneria spicata 
Bearded bluebunch 
wheatgrass 3.4 G N 

Pascopyrum smithii 
Western wheatgrass 
'Rosana' 4.5 G N 

Elymus lanceolatus 
Streambank wheatgrass 
'Sodar' 3.4 G N 

Nassella viridula Green needlegrass 3.4 G N 

Achnatherum hymenoides Indian ricegrass 2.2 G N 

    

Mixture B - Introduced Grasses    

Agropyron cristatum 
Crested wheatgrass  
'Nordan' 3.4 G I 

Thinopyrum intermedium 
Intermediate wheatgrass 
'Oahe' 9.0 G I 

Psathyrostachys juncea  Russian wildrye 'Vinal' 3.4 G I 

    

Mixture C - Native grasses and forbs    

Elymus lanceolatus 
Thickspike wheatgrass 
'Critana' 5.6 G N 

Pseudoroegneria spicata 
Bearded bluebunch 
wheatgrass 2.2 G N 

Nassella viridula Green needlegrass 2.2 G N 

Achnatherum hymenoides Indian ricegrass 1.1 G N 

Hedysarum boreale Sweetvetch 1.1 F N 

*Coronilla spp. Crownvetch 1.1 F N 

Linum lewisii Lewis flax 1.1 F N 

Penstemon palmeri Palmer penstemon 1.1 F N 

    

Mixture D - Introduced grasses and forbs    

Psathyrostachys juncea  Russian wildrye 'Vinal' 3.4 G I 

Agropyron cristatum 
Crested wheatgrass  
'Nordan' 3.4 G I 

Thinopyrum intermedium 
Pubescent wheatgrass 
'Luna' 3.4 G I 

Medicago sativa Alfalfa 'Ladak' 1.1 F I 

*Saponaria officinalis Bouncing bet 1.1 F I 

*Sanguisorba minor Small burnet 1.1 F I 

*Astragalus cicer Cicer milkvetch 'Lutana' 2.2 F I 
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Table 1.  Continued. 

Scientific name Common name 
Seeding  
(kg/ha-1) LF Nativity 

Mixture E - Native grasses, forbs and shrubs    

Table 1 continued    

Achnatherum hymenoides Indian ricegrass 2.2 G N 

Pseudoroegneria spicata 
Bearded bluebunch 
wheatgrass 2.2 G N 

Pascopyrum smithii 
Western wheatgrass 
'Rosana' 4.5 G N 

*Coronilla spp. Crownvetch 1.1  N 

Hedysarum boreale Sweetvetch 1.1 F N 

*Purshia mexicana Stansbury cliffrose 1.1 S N 

Ephedra viridis Green Ephedra 1.1 S N 

Atriplex canescens Fourwing saltbush 2.2 S N 

Krascheninnikovia lanata Winterfat 1.1 S N 

Mixture F - Native and Introduced grass, forbs and shrubs   

Nassella viridula Green needlegrass 2.2 G N 

Pseudoroegneria spicata 
Bearded bluebunch 
wheatgrass 2.2 G N 

Agropyron cristatum 
Crested wheatgrass  
'Nordan' 2.2 G I 

Thinopyrum intermedium 
Pubescent wheatgrass 
'Luna' 2.2 G I 

*Astragalus cicer Cicer milkvetch 'Lutana' 1.1 F I 

Hedysarum boreale Sweetvetch 1.1 F N 

*Purshia mexicana Stansbury cliffrose 1.1 S N 

Ephedra viridis Green Ephedra 2.2 S N 

Krascheninnikovia lanata Winterfat 1.1 S N 

 

The three fertilizer treatments were: high) 112 kg N ha-1 and 56 kg P ha-1; low) 56 

kg N ha-1 and 28 kg P ha-1; and no fertilizer.  Phosphorus was applied as triple 

superphosphate and roto-tilled into the soil prior to seeding.  Application of 

nitrogen fertilizer, as granulated ammonium nitrate, was postponed until the end 

of the first growing season to avoid stimulating annual weed growth.  Each seed 

mix and fertilizer combination was replicated three times.  A 3-meter high wildlife 

fence was erected around the entire study area.  
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Four undisturbed reference plots, located in the adjacent native shrubland, were 

added as a 7th seed mix and 4th level of fertilizer so it could be compared against 

the other 6 seed mixes and 3 fertilizer treatments respectively.  With a few 

exceptions, undisturbed reference plots were usually significantly different than 

test plots. 

 

Plant community composition was measured by harvesting aboveground biomass 

in 7 0.5-m2 quadrats in each of the 54 plots and 8 0.5-m2 quadrats on the 4 

adjacent undisturbed, control plots.  The harvested biomass was sorted by 

species for each plot and dried at 55 C for 72 hours.  Biomass was harvested in 

2008 and 2009 to account for annual climatic variation such as drought and twice 

during each year (June and August) to coincide with the two growth pulses that 

occur during a single growing season (Carpenter et al. 1990).  Litter was collected 

in each quadrat in 2009.  Data from each year was combined and the greater 

biomass value of each species was used for the analysis.  Shannon-Weiner 

diversity indices were calculated for each subplot using the formula outlined by 

Begon et al. (1996) where: H=Shannon diversity index, s=total number of species 

in the community, and Pi=proportion for the ith species:    

                                                                                              s 

H = -  Pi ln Pi 
                                                              i=1 
 

 

Soil samples were collected in fall of 2008.  In each plot, 36 2-cm X 10-cm 

samples were collected on a 2-m X 2-m grid pattern and mixed together for 
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homogeneity.  The samples were sent to AgSource Harris Laboratory and 

analyzed for NO3
- and P using cadmium reduction and Bray I extraction, 

respectively.  Soil nitrogen mineralization was analyzed using the Potential Net 

Nitrogen Mineralization method as described by Drury and Beauchamp (1991). 

 

Statistical analyses were run as a split-plot design with repeated measures over 

two years.  Since the year effect was almost always significant and large, and the 

year by seed by fertilizer was significant for about half of those responses, it was 

decided to analyze each year independently.  The analysis of each year was run 

as a randomized block design with a split plot effect.  Replications were the block 

effect, seed mix was the whole plot effect and fertilizer was the split plot effect.   

 

The glimmix procedure in SAS 9.2 was used to calculate the analysis of variance, 

least square means and pairwise comparisons between years, seed mixes and 

fertilizer treatments.  The tabulate procedure was then used to calculate standard 

errors of the means since there was not a significant block effect and the variance 

differed between seed mixes. 

 

Results 

 

Native plant biomass (Figure 2) and species diversity (Figure 3) were greatest in 

plots originally seeded with native species.  However, the natives were only 
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producing 39.6%-64.8% of the above ground production in these plots.  Native 

species had limited invasion into plots seeded with introduced species and only 

produced 10% of the biomass in those plots (Figure 2).  In the native & introduced 

grass, forb and shrub (N&IGFS) seed mix, where natives and introduced species 

were seeded together, native species had significantly lower biomass production 

as compared to introduced species.  Introduced species produced 92% of the 

biomass in the N&IGFS seed mix with crested wheatgrass producing nearly 59% 

of the total production.  The number of different native species in plots planted 

with N&IGFS mix was similar to that of other seed mixes even though native 

production was relatively low.  

Figure 2.  Relative aboveground native and introduced plant biomass production 
by year and seed mix (NG=native grass, NGF=native grass forb, NGFS=native 
grass forb shrub, IG=introduced grass, IGF=introduced grass forb, 
N&IGFS=native & introduced grass forb shrub, UND=undisturbed) 33 years after 
disturbance in northwestern Colorado.  Letters on the bars represent significant 
similarities/differences among seed mixes within nativity and years using a Least 
Significant Difference test (N = 9, α = 0.05). 
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Introduced species biomass was greatest in plots seeded with introduced species 

(Figure 2).  Diversity of introduced species, while lower than native species, was 

not significantly different between all seed mixes.  However, overall species 

diversity was lower in plots seeded with introduced species (Figure 3).  Introduced 

species were more successful at colonizing neighboring native plots relative to 

native success at colonizing neighboring introduced plots.  Introduced species did 

not colonize undisturbed reference plots where natives were well established. 

Figure 3.  Shannon-Weiner diversity index by year and seed mix (NG=native 
grass, NGF=native grass forb, NGFS=native grass forb shrub, IG=introduced 
grass, IGF=introduced grass forb, N&IGFS=native & introduced grass forb shrub, 
UND=undisturbed) 33 years after disturbance in northwestern Colorado.  Thin 
bars represent the standard error of the mean (N = 9).  Different letters within a 
year represent significant differences among seed mixes using a Least Significant 
Difference test (α = 0.05). 

 

Total above ground production for 2008 and 2009 was greatest in the plots 

seeded with the native and introduced grass-forb-shrub mixture followed by plots 

seeded with the introduced grass seed mixture (Figure 4). 



 13 

Figure 4.  Mean total aboveground plant biomass production by year and seed 
mix (NG=native grass, NGF=native grass forb, NGFS=native grass forb shrub, 
IG=introduced grass, IGF=introduced grass forb, N&IGFS=native & introduced 
grass forb shrub, UND=undisturbed) 33 years after disturbance in northwestern 
Colorado.  Thin bars represent the standard error of the mean (N = 9).  Different 
letters within a year represent significant differences among seed mixes using a 
Least Significant Difference test (α = 0.05). 

 

Annual species biomass was greatest in plots seeded with native species while 

introduced seed mixes had the lowest annual biomass (Figure 5).  Plots seeded 

with native mixtures had the highest species diversity but many of those species 

were annual grasses and forbs, which together comprised more than 17% of the 

biomass production in plots seeded with the native grass and grass-forb mixes.  

When shrubs were included in the native seed mixture the resulting plant 

community resisted annual invasion, with annuals only accounting for 3.3% of the 

biomass production.  All seed mixes that included introduced species resisted 

colonization by annual plant species with annuals accounting for less than 3.7% of 
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the biomass in such plots.  Plots seeded with introduced grass-forb seed mixtures 

had the lowest biomass production by annual species. 

 

Figure 5.  Mean aboveground annual plant biomass production by year and seed 
mix (NG=native grass, NGF=native grass forb, NGFS=native grass forb shrub, 
IG=introduced grass, IGF=introduced grass forb, N&IGFS=native & introduced 
grass forb shrub, UND=undisturbed) 33 years after disturbance in northwestern 
Colorado.  Thin bars represent the standard error of the mean (N = 9).  Different 
letters within a year represent significant differences among seed mixes using a 
Least Significant Difference test (α = 0.05). 

 

Sagebrush had limited colonization in plots seeded with native species, and was 

not observed in plots that were seeded with only introduced species (Figure 6).  

Overall, there was no statistical difference in sagebrush production between any 

of the seed mixes or fertilizer treatments. 
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Figure 6.  Mean sagebrush (Artemisia tridentata) biomass production by year and 
seed mix (NG=native grass, NGF=native grass forb, NGFS=native grass forb 
shrub, IG=introduced grass, IGF=introduced grass forb, N&IGFS=native & 
introduced grass forb shrub, UND=undisturbed) 33 years after disturbance in 
northwestern Colorado.  Thin bars represent the standard error of the mean (N = 
9).  Different letters within a year represent significant differences among seed 
mixes using a Least Significant Difference test (α = 0.05). 

 

After 33 growing seasons, the initial fertilizer treatments had few lasting effects on 

plant community production or composition.  Native biomass production and 

species richness were not significantly different between fertilizer treatments, 

either in 2008 or 2009 (Figures 7 & 8).   
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Figure 7.  Mean native plant biomass production, 33 years after disturbance, by 
year in plots fertilized with either high (112 kg N ha-1 and 56 kg P ha-1), low (56 kg 
N ha-1 and 28 kg P ha-1), or no fertilizer in northwestern Colorado.  Thin bars 
represent the standard error of the mean (N = 18).  Letters on the bars represent 
significant similarities/differences among fertilizer treatments within nativity and 
years using a Least Significant Difference test (α = 0.05). 

Figure 8.  Shannon-Weiner species diversity index, 33 years after disturbance by 
year in plots fertilized with either high (112 kg N ha-1 and 56 kg P ha-1), low (56 kg 
N ha-1 and 28 kg P ha-1) or no fertilizer in northwestern Colorado.  Thin bars 
represent the standard error of the mean (N = 18).  Different letters within a year 
represent significant differences among fertilizer treatments using a Least 
Significant Difference test (α = 0.05). 

 

Several additional variables were examined to generate possible insights into the 

long-term effects of seed mix and fertilizer treatment.  These additional variables 
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included: plant tissue nutrient content, nitrogen mineralization potential and seed 

bank composition.  These studies did not reveal any significant conclusions; 

however, the results are included in Appendix A of this thesis. 

 

Discussion 

 

The results of this study indicate that initial seed mixture had long lasting effects 

on plant community composition and production after 33 years.  Plots seeded with 

native species in 1976 were dominated by native species in 2009 and plots 

seeded with introduced species in 1976 were dominated by introduced species in 

2009.  Five years into the original study, Redente et al. (1984) reported that in all 

seed mix treatments, grasses dominated the plant communities with the 

introduced grass (IG) and introduced grass and forb (IGF) seed mixes having the 

greatest biomass production.  Grass species still dominated biomass production 

through 2009 and the IG mixture still had the greatest biomass production of all 

the mixes followed by the N&IGFS. 

 

It is generally recognized that plant species diversity contributes to resilience 

following disturbance (Walker 1995, Hector et al. 2010) as well as resistance to 

invasion (Naeem et al. 2000, Kennedy et al. 2002).  In this study, species diversity 

was lowest after 33 years in plots seeded with introduced species relative to plots 

seeded with native species.  Similar observations have been made in other 
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studies at this site (Sydnor and Redente 2000, Newman and Redente 2001).  The 

resulting lack of diversity in communities created by seeding introduced species 

may indicate a decrease in the overall health and stability of the resulting 

communities (Knops et al. 1999, Lehman and Tilman 2000).   

 

The correlation of increased species richness to increased biomass production 

seen in other studies (Tilman et al. 2001, Biondini 2007) was not apparent in this 

study.  Greater species richness in plots seeded with native species might be 

attributed to colonizing non-seeded species such as annual grass (Bromus 

tectorum), annual forbs (Lactuca serriola, Descurainia pinnata) and an introduced 

species from neighboring plots (Agropyron cristatum).  Conversely, the 

introduced-seeded plots had lower species richness, with the species composition 

consisting of less colonizing species.  This last point may have to do with 

competitive exclusion of colonizing species by crested wheatgrass (Agropyron 

cristatum), which was included in all of the introduced seed mixes.  Introduced 

species are known to inhibit colonization of native species (Wilson 1989) and 

stands of crested wheatgrass in particular have been documented to have lower 

species diversity (Broersma et al. 2000).  

 

Sagebrush did not recover to its pre-disturbance condition despite the fact that the 

study plots were surrounded by a sagebrush dominated community.  There are 

several possible reasons for this slow recovery.  Topsoil containing the soil seed 
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bank and the aboveground shrub biomass was removed during plot installation in 

1976.  This presumably left the soil devoid of sagebrush propagules.  It is also 

important to note that sagebrush was not included in the seed mix nor was it 

planted in this experiment.  Sagebrush has been shown to successfully re-

establish if seeded to desired densities (Hild et al. 2006) or if one-fourth to one-

third of sagebrush biomass was left in tact (Ziegenhagen and Miller 2009), but our 

study shows that sagebrush can be a weak invader and natural invasion can take 

a long time. 

 

While seed mix had lasting effects on plant community composition, the effects of 

a fertilizer treatment in this study were short lived.  The fertilizer treatment had an 

initial effect on the plant community composition.  In 1981, five years after the 

study was established, there was an inverse relationship between fertilizer 

treatment and species richness (Stark and Redente 1985).  Grass production was 

greater and forb production was reduced in plots with fertilizer treatments relative 

to unfertilized plots (Redente et al. 1984).  After 33 years, correlations between 

fertilizer treatment and species richness, grass production and forb production 

have become insignificant. 

 

Although we did not find persistent differences in the plant community due to 

fertilizer treatments, two other long-term studies at the same site have shown that 

fertilizer treatments can have profound long-term effects on the plant community.  

Newman and Redente (2001) documented that an initial fertilizer treatment of N 
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and P impacted early plant community development.  They found that after 20 

years the plant community production was still significantly different between 

fertilizer treatments.  Similar results were seen in another 24-year study at the 

same site.  Significant differences were observed among plant functional groups 

in plots treated with biosolids used as a slow release fertilizer on nutrient poor 

subsoils (Paschke et al. 2005).  It is possible that the effects of initial fertilizer 

applications were not persistent in this present study compared to the other 

studies due to the additional 13 and 9 growing seasons, respectively. 

 

Conclusion 

 

Based on these long-term results, seed mixtures have lasting effects on plant 

community composition and production.  Most of the species initially seeded in 

this study were still present in the plots where they were seeded and sagebrush, 

which was not planted, was only starting to get established in native seeded plots.  

The effects of the initial fertilizer treatments were short lived and neither native 

biomass production nor native species richness was greater in plots without 

fertilizer treatment as hypothesized.   
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Implications for Management 

 
1. When restoring a sagebrush steppe plant community, use species native to 

the area and include sagebrush in the seed mix. 
2. If a diverse native plant community is desired, introduced species should 

be used sparingly because they can reduce species diversity and prevent 
colonization of native species. 

3. An initial fertilizer treatment may not be effective or necessary for meeting 
long-term restoration goals. 

 



 22 

References 

 

Baker, W. L. 2006. Fire and restoration of sagebrush ecosystems. Wildlife Society Bulletin 34:177-
185. 

Begon, M., J. L. Harper, and C. R. Townsend. 1996. Ecology individuals, populations, and 
communities. Blackwell Science, Oxford, UK ;. p. 

Biondini, M. 2007. Plant diversity, production, stability, and susceptibility to invasion in restored 
northern tall grass prairies (United states). Restoration Ecology 15:77-87. 

Bradshaw, A. D. 1997. The importance of soil ecology in restoration science. Pages 33-64 in K. M. 
Urbanska, N. R. Webb, and P. J. Edwards, editors. Restoration ecology and sustainable 
development. Cambridge University Press, Cambridge, U.K. ;. 

Broersma, K., M. Krzic, D. J. Thompson, and A. A. Bomke. 2000. Soil and vegetation of ungrazed 
crested wheatgrass and native rangelands. Canadian Journal of Soil Science 80:411-417. 

Carpenter, A. T., J. C. Moore, E. F. Redente, and J. C. Stark. 1990. Plant Community Dynamics in a 
Semiarid Ecosystem in Relation to Nutrient Addition Following a Major Disturbance. Plant 
and Soil 126:91-99. 

Colorado Division of Wildlife. 2010. Gunnison Sage-Grouse: Species of Special Concern 
(http://wildlife.state.co.us/WildlifeSpecies/Profiles/Birds/Gunnisonsagegrouse.htm, 
November 8, 2010).  

Committee on the Status of Endangered Wildlife in Canada. 2010. Sage grouse - Centrocercus 
urophasianus (http://www.cosewic.gc.ca/eng/sct1/searchdetail_e.cfm, 30 Sept 2010). 
Environment Canada Web.  

Cook, C. W. and E. F. Redente. 1980. Reclamation studies on oil shale lands in northwestern 
Colorado. Dept. of Range Science, Colorado State University, Fort Collins, Colo. p. 8-12. 

Copeland, H. E., K. E. Doherty, D. E. Naugle, A. Pocewicz, and J. M. Kiesecker. 2009. Mapping oil 
and gas development potential in the US intermountain west and estimating impacts to 
species. Plos One 4:1-7. 

Drake, J. A. 1991. Community-assembly mechanics and the structure of an experimental species 
ensemble. American Naturalist 137:1-26. 

Drury, C. F. and E. G. Beauchamp. 1991. Ammonium fixation, release, nitrification, and 
immobilization in high- and low-fixing soils. Soil Science Society of America Journal 
55:125-129. 

Dyni, J. R. 2002. Geology and resources of some world oil-shale deposits. Pages 193-252 in 
Symposium on Oil Shale, Tallinn, Estonia. 

Egler, F. E. 1952. Vegetation science concepts I. initial floristic composition, a factor in old-field 
vegetation development. Plant Ecology 4:412-417. 

Hector, A., Y. Hautier, P. Saner, L. Wacker, R. Bagchi, J. Joshi, M. Scherer-Lorenzen, E. M. Spehn, 
E. Bazeley-White, M. Weilenmann, M. C. Caldeira, P. G. Dimitrakopoulos, J. A. Finn, K. 
Huss-Danell, A. Jumpponen, C. P. H. Mulder, C. Palmborg, J. S. Pereira, A. S. D. 
Siamantziouras, A. C. Terry, A. Y. Troumbis, B. Schmid, and M. Loreau. 2010. General 
stabilizing effects of plant diversity on grassland productivity through population 
asynchrony and overyielding. Ecology 91:2213-2220. 

http://wildlife.state.co.us/WildlifeSpecies/Profiles/Birds/Gunnisonsagegrouse.htm
http://www.cosewic.gc.ca/eng/sct1/searchdetail_e.cfm


 23 

Hild, A. L., G. E. Schuman, L. E. Vicklund, and M. I. Williams. 2006. Canopy growth and density of 
Wyoming big sagebrush sown with cool-season perennial grasses. Arid Land Research 
and Management 20:183-194. 

Johnson, D. E. 1981. Effect of rehabilitation practices on plant establishment in the Piceance 
Basin of Colorado. Colorado State, Fort Collins. 

Kennedy, T. A., S. Naeem, K. M. Howe, J. M. H. Knops, D. Tilman, and P. Reich. 2002. Biodiversity 
as a barrier to ecological invasion. Nature 417:636-638. 

Knick, S. T., D. S. Dobkin, J. T. Rotenberry, M. A. Schroeder, W. M. Vander Haegen, and C. van 
Riper. 2003. Teetering on the edge or too late? Conservation and research issues for 
avifauna of sagebrush habitats. Condor 105:611-634. 

Knops, J. M. H., D. Tilman, N. M. Haddad, S. Naeem, C. E. Mitchell, J. Haarstad, M. E. Ritchie, K. M. 
Howe, P. B. Reich, E. Siemann, and J. Groth. 1999. Effects of plant species richness on 
invasion dynamics, disease outbreaks, insect abundances and diversity. Ecology Letters 
2:286-293. 

Lehman, C. L. and D. Tilman. 2000. Biodiversity, stability, and productivity in competitive 
communities. American Naturalist 156:534-552. 

McIver, J. 2010. Sagebrush Steppe Treatment Evaluation Project 
(http://www.sagestep.org/index.htm, 13 November 2010).  

Naeem, S., J. M. H. Knops, D. Tilman, K. M. Howe, T. Kennedy, and S. Gale. 2000. Plant diversity 
increases resistance to invasion in the absence of covarying extrinsicfactors. Oikos 91:97-
108. 

National Weather Service. 2007. Monthly climate record, Rifle, CO 
(http://www.hprcc.unl.edu/cgi-bin/cli_perl_lib/cliMAIN.pl?co7031, 29 Sept 2010). 
National Oceanic and Atmospheric Association.  

Newman, G. J. and E. F. Redente. 2001. Long-term plant community development as influenced 
by revegetation techniques. Journal of Range Management 54:717-724. 

Paschke, M. W., K. Topper, R. B. Brobst, and E. F. Redente. 2005. Long-term effects of biosolids 
on revegetation of disturbed sagebrush steppe in northwestern Colorado. Restoration 
Ecology 13:545-551. 

Poore, R. E., C. A. Lamanna, J. J. Ebersole, and B. J. Enquist. 2009. Controls on radial growth of 
mountain big sagebrush and implications for climate change. Western North American 
Naturalist 69:556-562. 

Prevey, J. S., M. J. Germino, N. J. Huntly, and R. S. Inouye. 2010. Exotic plants increase and native 
plants decrease with loss of foundation species in sagebrush steppe. Plant Ecology 
207:39-51. 

Redente, E. F., T. B. Doerr, C. E. Grygiel, and M. E. Biondini. 1984. Vegetation establishment and 
succession on distubed soils in northwest Colorado. Reclamation & Revegetation 
Research 3:153-165. 

Stark, J. M. and E. F. Redente. 1985. Soil-plant diversity relationships on a distubed site in 
northwestern Colorado. Soil Science Society of America Journal 49:1028-1034. 

Sydnor, R. S. and E. F. Redente. 2000. Long-term plant community development on topsoil 
treatments overlying a phytotoxic growth medium. Journal of Environmental Quality 
29:1778-1786. 

Tilman, D., P. B. Reich, J. Knops, D. Wedin, T. Mielke, and C. Lehman. 2001. Diversity and 
productivity in a long-term grassland experiment. Science 294:843-845. 

U. S. Fish & Wildlife Service. 2010. Pygmy Rabbit (Brachylagus idahoensis) 
(http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A0GG,  

http://www.sagestep.org/index.htm
http://www.hprcc.unl.edu/cgi-bin/cli_perl_lib/cliMAIN.pl?co7031
http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A0GG


 24 

Walker, B. 1995. Conserving biological diversity through ecosystem resilience. Conservation 
Biology 9:747-752. 

Walston, L. J., B. L. Cantwell, and J. R. Krummel. 2009. Quantifying Spatiotemporal Changes in a 
Sagebrush Ecosystem in Relation to Energy Development. Ecography 32:943-952. 

West, N. E., editor. 1983. Temperate deserts and semi-deserts. Elsevier Scientific Publishing Co., 
Amsterdam. 

Wilson, S. D. 1989. The suppression of native prairie by alien species introduced for revegetation. 
Landscape and Urban Planning 17:113-119. 

Young, T. P., J. M. Chase, and R. T. Huddleston. 2001. Community succession and assembly. 
Ecological Restoration 19:1. 

Ziegenhagen, L. L. and R. F. Miller. 2009. Postfire recovery of two shrubs in the interiors of large 
burns in the intermountain west, USA. Western North American Naturalist 69:195-205. 

 

 


