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INTRODUCTION 

Throughout the Intermountain West, sagebrush is one of the most dominant plant 

species. Sagebrush ecosystems are believed to have historically dominated approximately 

63 million hectares (156 million acres) in the Western Unites States (West and Young 

2000), and by some estimates may have covered as much as 270 million acres (Blaisdell 

et al. 1982). Big sagebrush ecosystems occur from below 1,600 feet to 11,500 feet in 

elevation (Blaisdell et al. 1982), and in a variety of climatic conditions—from warm 

deserts to alpine tundra. Big sagebrush ecosystems are typically divided into two main 

categories: Great Basin sagebrush and sagebrush steppe (Anon 2002 and West and 

Young 2000). See Map 1 for current distribution of sagebrush in the western United 

States.  

Although widespread, sagebrush ecosystems have been seriously impacted over 

much of their range (Bauer et al. 2002, Vander Haegen 2001, Paige and Ritter 1999, 

Davis 1982, and Baker et al. 1976) by human use. A desire to have better livestock 

forage, has led to considerable sagebrush “management.” Efforts to reduce sagebrush 

abundances and increase graminoid and herb abundances have included disking, 

chaining, plowing, herbicide use, prescribed burning, and reseeding with introduced grass 

species (Vander Haegen 2001, Davis 1982, and Bauer et al. 2002). In addition to removal 

for range “improvements,” sagebrush has also been removed so that land can be 

converted to agricultural use (Paige and Ritter 1999). Invasion by introduced plant 

species has also affected sagebrush country.  Bromus tectorum (cheat grass), in particular, 

has changed the ecology of huge tracts of land, but Taeniatherum caput-medusae 

(medusahead), Centaurea solstitialis (yellow star thistle), Centaurea ssp. (knapweed), 
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Sisymbrium altissimum (tumble mustard), and Halogeton glomeratus (halogeton) also 

have a continued impact (Paige and Ritter 1999). It is currently estimated that 

approximately 10% of sagebrush steppe has been converted to agriculture, 25% has 

become dominated by introduced annual grasses such as Bromus tectorum, and over 99% 

has been impacted by livestock grazing (West 1996). As a result, sagebrush-dominated 

communities are now considered one of the most endangered ecosystems in North 

America (Knick 1999, Anderson and Inouye 2001). About 70 mammal species and 100 

bird species are found in sagebrush habitats. Over 50% of western grassland and 

shrubland bird species are in decline, and some of these species live only in sagebrush 

(Paige and Ritter 1999).  

While the majority of the studies of sagebrush habitats have focused on low 

elevations, high-elevation sagebrush habitats, particularly sagebrush-dominated mountain 

meadows, also have been affected by both historic and current anthropogenic activities. 

However, due to relative inaccessibility, prolonged winter conditions, and patchiness, 

high elevation areas may have been less affected by human activities than the sagebrush 

steppe found at lower elevations. Consequently, high-elevation sagebrush steppe may 

currently function as a refugium for sagebrush-obligate or near-obligate species. Indeed, 

it appears to have greater biological diversity than low-elevation sagebrush (Medin et al. 

2000) and as a consequence, a higher conservation value. Careful management and 

conservation of currently intact high-elevation sagebrush shrub-steppe, or sagebrush-

dominated mountain meadows or parks, may be a cost-effective supplement to the 

restoration of lower sagebrush steppe.  

 4



High-elevation and low-elevation sagebrush communities differ qualitatively 

from one another in slope and aspect, moisture, soil temperature, vegetation structure, 

landscape area, patch configuration, dominant sagebrush subspecies, as well as adjacent 

land types and uses. I expect that these differences will lead to differences in animal 

community composition and abundance. I also predict that the shape, size and edge 

length of high-elevation sagebrush patches will affect bird and small mammal diversity 

patterns.  

Tammy Wilson and I are both working on the same project and are interested in 

the same overarching goal, but are using hierarchy theory to examine high-elevation 

sagebrush animal communities at different levels and to answer different yet related 

questions. Scale resolution and extent has been an issue in many studies with different 

scales yielding different results. By looking at this issue at two different resolutions and 

extents, our combined results should provide scale-sensitive insight. The focal level (L) 

for each of us is the animal community in high-elevation sagebrush steppe.  I am focusing 

my investigation on L-1, which is the meadow. Wilson is focusing hers on L+1, which is 

the larger landscape based on an area that a bird or small mammal might detect. 

 By examining level L-1 (meadow) I intend to evaluate how size, shape, edge 

characteristics, and surrounding vegetation influence species richness and abundance. In 

addition to using simple diversity indices and finding a conservation value for each 

meadow type, these data is useful in managing individual sagebrush-obligate species. 

Conservation value is being calculated using a modified diversity index which weights 

each species using Partners in Flight “concern scores” (Nuttle et al. 2003), and thereby 

giving greater weight to uncommon or declining species than to abundant or pest species. 
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Wilson is looking at the arrangement of these meadows and how the landscape 

characteristics, such as landscape configuration relates to species richness.   

 While it would be best to evaluate species richness, relative abundance, and 

density for all species, due to financial and temporal constraints only birds and small 

mammals are being sampled at this time. We are using bird point transects to measure 

avian diversity and use multiple trap methodologies to sample small mammal diversity. 

See Table 1 for a list of sagebrush-obligates and near-obligates, and see Table 2 for a list 

of small mammals potentially trapped. 

 

OBJECTIVES:  

Joint Objective: 

• Determine the contribution of high elevation sagebrush shrub-steppe meadows to 

sagebrush biodiversity by determining which sagebrush-obligate and near-

obligate birds and small mammals use sagebrush-dominated mountain meadows 

in Utah and compare with species known to occur in low elevation sagebrush. 

Understanding the role of high elevation sagebrush habitat, and whether 

landscape complementation and/or landscape supplementation are an important 

force for various sagebrush species, will be useful for management purposes. 

Predictions: Past research suggests that some sagebrush-obligates and near-obligates use 

higher elevations, but others are rarely, if ever, detected. Sagebrush-dominated mountain 

meadows have been understudied, however, and species compositions within these 

meadows are uncertain. A preliminary season of fieldwork and the available literature 

show that Brewer’s Sparrows, Vesper’s Sparrows, and Green-tailed Towhees all use 
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these areas. Sage Sparrows have occasionally been detected in high-elevation areas, but 

the frequency of use and conditions needed are unknown, and the presence/absence of 

other species is also unknown at this time. 

 With landscape complementation, species require multiple resources that are not 

found in the same meadow or patch, and therefore must move between meadows or 

patches of different habitat types. While any given patch may not contain all of the 

resources necessary for the species, traveling between different areas may allow a species 

to find all of the resources necessary. With landscape supplementation, one habitat type 

may have all of the necessary resources, but not in the quantity needed. As a result, 

individuals may need to move between multiple meadows or patches. In this situation 

multiple small meadows may be functionally similar to one large meadow (Dunning et al. 

1992). The way in which various species use this high-elevation habitat may be important 

for management. 

 Additionally, there may be some species for which sagebrush dominated 

mountain meadows cannot substitute for the resources found at lower elevations, other 

species may be able to find all the resources they need by using multiple habitat types, 

including high elevation sagebrush dominated meadows, and yet other species may use 

multiple meadows as a substitute for one larger expanse of sagebrush. Determining the 

role of sagebrush meadows as habitat will be useful for managing individual species. 
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Elizabeth Johnson’s Objective: 

• Assess the influence of patch size, shape, and edge length on species richness, 

composition, relative abundance, and relative density in sagebrush-dominated 

mountain meadows. 

Predictions:  

As area increases, species richness typically does as well (Arrhenius 1921).  As a 

result, I expect that as meadow size increases, species richness will also increase. 

However, relative abundance and relative densities may actually decrease because of the 

following reasons.   

Smaller meadows may have a greater relative density of species because of their 

proximity to multiple habitat types, and larger meadows may have greater species 

richness because of use by both meadow and forest species. Meadow shape may be even 

more important than size—isometrically shaped meadows putatively have a greater 

proportion of core habitat and therefore should support more sagebrush species, whereas 

I expect that more irregular and linearly shaped meadows will have a greater percentage 

of edge and therefore have a higher relative density of individuals, but fewer core or 

sagebrush obligate species. Meadow edge length is being measured digitally to determine 

whether the edge of the meadow is smooth, or whether there are fingers of meadow 

extending into forested areas. See Figure 1. 

In addition to changes in total species richness, species compositions are also likely to 

be different. Some species, e.g. Brewer’s Sparrows, may have a threshold meadow size 

and might not use meadows that are smaller than this threshold size. Additionally, these 

species may avoid meadow edges and therefore meadow shape would also be important. 
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Individual species can be grouped according to their typical habitat associations (i.e. 

forest or sagebrush species), but also have individual requirements. Some species may be 

require a minimum area of sagebrush while others may be able to find all the resources 

needed in a smaller area, or else use landscape complementation or supplementation the 

resources found in any given meadow (Dunning et al. 1992). Our initial fieldwork 

suggests that Brewer’s Sparrows are more sensitive to meadow size than Vesper’s 

Sparrows, and we may be able to determine what the minimum sizes of meadow or core 

area are for each species. By combining my study with Tammy Wilson’s, we may also be 

able to evaluate the role of landscape complementation and supplementation. 

 

METHODS   

This section has been co-written with Tammy Wilson. 

In this study, the Bear River range in Utah is being surveyed for birds and small 

mammals. I am analyzing the relationships between species composition and abundance 

and meadow size, meadow shape, distance from edge, and habitat variables. A 

calculation of a conservation value for sagebrush-obligates and near-obligates, and for all 

species is being done. Wilson is analyzing the relationships between species abundance 

and richness and the proportion and configuration of sagebrush patches.     

             

Study Area  

 Utah has a high proportion of public lands and the Forest Service manages most 

of the forested land that is not privately owned.  See Map 2 to view land ownership in the 

state of Utah.  The study area is located in the Bear River portion of the Wasatch 
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Mountains located in the Wasatch-Cache National forest in Northern Utah.  Public land is 

more prevalent in the northern end of the study area than in the southern end, and is 

managed predominantly by the Forest Service.  There are several parcels of state owned 

school trust land and a large state wildlife area (Hardware Ranch) in the southern end. 

See map 3. 

 

Site Selection 

Publicly owned parcels of land along the Bear River Range were identified using 

geographic information systems (GIS) data available from the United States Forest 

 

Fifty points were then randomly generated within these publicly owned parcels using an 

ArcView extension called rpg31.avx written by David Hahn available for download free 

of charge on the ESRI website http://www.esri.com.  
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Each point became the center of one of Wilson’s landscapes, and I selected the 

nearest meadow to the point.  

 

The first thirty landscapes that met the following criteria were selected: 1) each 

landscape must contain some sagebrush meadow vegetation types; and 2) the landscape 

must have a forested matrix.  These determinations were made using DOQQ imagery.  

By requiring a forest matrix, we got a good representation of various high-elevation 
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sagebrush meadows without having to account for latitudinal gradients or local climactic 

conditions in our determination of minimum elevations. The points had a minimum 

spacing of three kilometers to ensure good dispersion and minimal overlap.  A 6 km2 

square landscape was centered on each point, which is 5 times the average home-range 

size of birds expected to be detected by point transect methods in the area. See maps 3 

and 4 for the locations of the landscapes.  The first 30 acceptable landscapes were used to 

answer L + 1 level questions. The sagebrush meadow nearest the center point of each of 

these was selected to answer meadow extent questions. Some of the data collected at the 

meadow level is also being used to answer landscape scale questions.  

Non-forested areas surrounding each point were digitized on screen with DOQQ 

background using ArcView GIS.  2-10 subsample points were selected within each of the 

30 meadows. 

 

6 subsample points were located in sagebrush-dominated areas within each of the 

30 landscapes. Sub-sample points were randomly located in all sampled meadows and 
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landscapes using an ArcView Extension called randpts.avx developed by Stephen Lead 

that is available free for download from the ESRI website: http://www.esri.com.  

 

 A second meadow was then selected within each landscape in order to compare 

within landscape meadow variation. The meadow containing the lowest point number 

was selected to be the second meadow. If the lowest point number fell in the primary 

meadow, the next lowest number was selected. 
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Subsample points within each meadow may or may not be within the landscape. 

The number of subsample points within each meadow is proportional to meadow size, but 

due to time and budget constraints did exceed 10. As many subsample points as possible, 

initially up to 10, were randomly selected in each meadow. Due to time constraints this 

number was later reduced to 6. 
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All subsample points were required to be at least 250m apart, except where the 

meadow was too small to allow this, in which case 2 subsample points were randomly 

selected, without regard to distance apart, from the meadow. Subsample points occurring 

in riparian areas were thrown out. I have approximately one subsample point per every 

three hectares of meadow. The center of each landscape was required to be within 2.5 km 

of a road in order to ensure sufficient access or the entire landscape was discarded.  In 

order to address the meadow size question, a variety of meadow sizes were required. For 

the first field season, meadows were randomly selected regardless of size. In analysis, the 

distribution of meadow sizes is being evaluated. If needed to ensure a normal 

distribution, meadows will be stratified by size for the second field season.  

 

Sampling and Survey Methods        

 Fieldwork is being conducted from mid-May through mid-August in both 2003 

and 2004. Bird point counts are being done at the beginning of each field season, during 

the bird-breeding season, and end after one week in July. Small mammal trapping is 

being done at the end of this time period, from July through mid-August. Vegetation 

sampling begins in mid-May and continues until completion, which is predicted to be 

mid-late July. Several days at the beginning of each field season are being used as 

technician training days. The field crews consist of two teams of two people. It is 

possible to survey 5-10 subsample points for birds per day per team, depending on terrain 

and distance between points. During the second half of the field season, each team 

samples small mammal populations in either one landscape or one meadow each week. 
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 To avoid bias, the order of points surveyed has been randomized. Additionally, 

the four crewmembers are randomly divided into two teams each week. While some of 

the data is being shared between the two master’s theses, it is not possible to share all 

data. 

                   

Avian Sampling    

Point transects are being used to determine bird species composition and 

abundances. Also known as variable distance point counts, point transects are bird point 

counts that include distance estimates to each bird seen or heard.  

Count duration at each point is 8 minutes in order to ensure that both the 

maximum number of birds are identified and that time is used efficiently (Bibby et al. 

2000). These types of bird censuses are best conducted only during the breeding season. 

As a result, point transects begin mid-May and extend for only one week in July.  Counts 

begin soon after sunrise, which is approximately 5 a.m. and continue no later than 10:30 

a.m.  

A modified double-observer method is being used. The first observer identifies all 

birds seen and heard and estimates distances from the point to each bird. Laser range 

finders are being used to ascertain most bird distances, however, shorter distances, which 

most laser range finders are unable to calculate, are estimated or paced. By recording 

distances, densities can be calculated and detectability for each species accounted for. 

This also reduces the number of assumptions required. The second observer records these 

observations, takes bearings to each bird, and also separately records any birds seen or 

heard that the primary observer has missed. The double-observer method ensures greater 
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detection rates and compensates for observer detection differences (Nichols et al. 2000). 

The two observers switch roles at each new point. Flyovers and birds flushed from the 

point as it is approached are recorded separately. 

See Figure 2, a sample bird point count field form. 

 

Small Mammal Sampling           

We area also analyzing the small mammal diversity of these sagebrush-dominated 

mountain meadows. The same subsample points selected for bird point counts are being 

used; however, it is only practical to sample 10 of the 30 study sites. Landscapes were 

evaluated based on accessibility, and 10 points were randomly selected from the most 

accessible sites. By only censusing more accessible sites, time is used more efficiently 

and more landscapes are censused. Trapping was conducted for approximately 3 weeks in 

the first field season, and will be conducted for approximately 7 weeks for the second. 

Each team sets and monitors trap lines on either one landscape or one meadow per week.   

Different mammal species are more likely to be captured using different 

techniques (Mengak and Guynn 1987, Jones et al. 1996), so this project uses different 

trap types: snap traps and box traps. Peanut butter, oatmeal, and birdseed, and chopped 

raisins were mixed together and used as bait in the snap traps, and horse feed is used in 

the live traps. The guidelines of the American Society of Mammalogists (1998) are being 

followed. 

 Sherman traps are used to target mice, voles, shrews and chipmunks, Tomahawk 

traps are used to capture rats, large squirrels and chipmunks, and rat snap traps target a 

range of species including rats and mice.  
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Trap-webs are being used in each meadow so that densities can be most accurately 

determined. While trap-grids are also used to calculate densities, and are easier to 

analyze, web-traps provide the most accurate estimates (Parmenter et al. 2003, Anderson 

et al. 1983). The primary meadow of each landscape has two webs. Each web is centered 

at the subsample point, with trap lines radiating outward. There are eight trap lines 

radiating from each center point.  

 

One trap point is located at 0 meters, and 5 additional trap points are located every 

10 meters along each line, with the most distant trap point located at 50 m. A Sherman 

and a snap trap are placed at every point. Tomahawks are set at 0m and 40m on two 

randomly selected opposite facing lines. The center point has three traps—one of each 

type. This means that for each web there are 41 trap points and 85 individual traps. 

 19



 

For the landscape level study, a total of six trap transects or lines are used to 

determine species compositions. Each trap line is 100 m long and contains 11 trap points 

and 25 individual traps. By simultaneously setting web-traps and trap lines, we will also 

be able to compare the results of each method. In the event that there is not enough 

sagebrush within the landscape to support six trap lines, fewer are used. To the extent 

statistically possible, the data from the two meadows are used for the landscape level 

analysis. Due to randomization, however, there will not be complete overlap between the 

data used to answer each objective.  

The traps are set on day 1 of each week, checked on days 2, 3, and 4 and removed 

on day 4. Traps are checked once each morning, before 10:30 a.m.  The traps are then 

closed until evening to prevent capturing any animals during the heat of the day.  Trap 

location, sex, body mass and species is recorded at each check. Live animals are marked 

for re-capture using permanent sharpie pen markers. A different color line is drawn 

across each live animal’s abdomen each day. The snap traps are kill traps, and the 

Sherman and Tomahawk traps are live traps.  
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Across each of the 10 meadow/landscape units there are between 104 and 148 

trap points, depending on the amount of sagebrush in the landscape and how many points 

can be shared between the meadows and landscapes.  Two or three traps are set at each 

trap point, which results in an average of 295 traps per meadow/landscape unit. The traps 

are open 3 nights, so each meadow/landscape unit has an average of 685 trap nights. 

Across the 10 meadow/landscape units, this translates into approximately 6,850 trap 

nights. Although trapping success rates are quite variable, a low trapping success rate of 

1% would mean a grand total of 69 animals trapped, and a high success rate of 10% 

would translate into 685 animals trapped, with a few hundred trapped animals being the 

most likely scenario (Anderson et al 1983; Mengak and Guynn 1987; Noel and Saucy 

2000; Taulman and Thill 1992; Tew et al 1994). 

Dead specimens are either buried or collected as voucher specimens and given to 

the Museum of Natural History at University of Utah. Dead animals are labeled with a 

waterproof tag, injected with formaldehyde, and then temporarily stored in formaldehyde. 

After returning from the field, specimens are thoroughly rinsed with water and then 

stored in ethyl alcohol.  

Live animals caught are transferred to cloth bags and weighed, then held by the 

nape of the neck while being measured, sexed, and identified to species (Jones, et al. 

1996). They are marked with a colored pen, and then released.  Marking the animals 

allows statistical analysis using recapture data for greater accuracy in determining species 

densities. Care is taken to minimize handling of animals and ensure prompt release. If 

signs of excess stress are detected, the animal is released immediately. Animals are 

released in the shade of a shrub near the capture point.  
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To prevent zoonotic disease transmission, standard safety procedures are being 

used (Mills et al. 1995). In particular, gloves are worn while handling the animals, 

respirator and hantavirus training are being provided, and traps are regularly cleaned with 

bleach and water. Due to the use of formaldehyde, university formaldehyde training is 

also being provided. 

The species potentially trapped are listed in Table 2. A sample small mammal 

field form is provided in Figure 3. 

 

Meadow Description   

Vegetation measurements are done each day following bird point counts or small 

mammal trapping—from mid-morning until late afternoon. Vegetation measurements 

include percent shrub cover, shrub height, shrub width, and sagebrush subspecies 

identification using line intercept. We also measure percent bare ground, litter, forb, 

grass, shrub and all green cover, using Daubenmire frames. Species lists for forbs, 

grasses, and shrubs are created by timed search radius samples. Additionally, spot checks 

of the surrounding matrix are done to ensure the accuracy of our remotely sensed GIS 

data. 

Vegetation measurements are done in a 5-meter radius circle around the point. 

Four 5-meter tapes are laid out, each running in one of the four cardinal directions, 

forming four quadrats. The nearest shrub from the center point is identified in each 

quadrat. Species, maximum height, maximum width, and width perpendicular to 

maximum are recorded. If the shrub is sagebrush, a sample is taken so that subspecies can 

be determined with a black light in the lab.  
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Daubenmire frames (20 X 50 cm) are set out at 2.5 m and 5 m, centered on the 

tape (when viewed from the center point). These is used to estimate percentages of all 

green cover, graminoids, forbs, shrubs, litter, bare ground, and rock.  

Aerial shrub cover is measured using the line intercept method along each 5 meter 

transect. Vegetation with gaps of less than 5 cm are considered continuous.  

A species list of all species found in 5 minutes within the 5-meter radius circle is 

also created. By limiting the time needed to create the species list, the most common 

species are listed. Less common species have lower detection rates, but are not as 

important to the objectives of this study. Lists are kept in the approximate order of 

species dominance. A sketch map of the site showing the distance to forest edge and 

direction of slope is created for general reference. Measurements of aspect and slope and 

meadow size (max length, max width, total area, and perimeter) and shape are done from 

satellite imagery, aerial photos and remote sensing. 

Figure 4. is a sample vegetation field form. 

 

DATA ANALYSIS 

Bird point transect data and small mammal trap-web data is being analyzed using 

the program DISTANCE. This program assumes that detectability is 100% at the point 

and decreases with distance from the point. Detectability curves for each species are then 

calculated and accounted for in density estimates (Bibby et al. 2000).  

Regression-based analyses are being conducted to compare species richness, 

diversity, and conservation value (CV) as they relate to meadow area, perimeter, shape 

classification, and, for Tammy Wilson, a variety of other landscape indices. The 
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presence/absence of each species, species richness, CV index, and species diversity 

(using the Shannon and Simpson Indices) are being analyzed. These same indices are 

being used for all species and also applied separately to sagebrush, meadow, edge- and 

forest-associated species, thereby allowing greater insight into the importance of these 

habitats.  
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APPENDIX A. 

LITERATURE REVIEW—Scale and Hierarchy Theory 

Scale 

In landscape ecology, scale is the most important variable (Wiens 1989, 

Bissonette 1987), but proper scale can be difficult to determine. For landscape ecology, 

the basic premise is that there are strong links between pattern and function (Gustafson 

1998). But while the observer can detect patterns at all scales, these patterns may not 

always be biologically relevant to the organism of interest (Bissonette 2003). The scale 

used, therefore, should be defined by the organism, not the observer (Wiens 1989).  

However, organisms respond to multiple scales, so multiple scales, each defined by the 

organism, need to be considered in order to gain a deeper understanding of the organism 

and processes of interest.   

Distributions have been correlated with both large-scale landscapes and with 

vegetational structure and microhabitats on a smaller scale. Ecological systems are highly 

complex and multi-scalar, and results from studies at just one scale can be misleading. 

Ignored variables can be equally, if not more, important to the organism. Multi-scalar 

approaches are, however, difficult to implement, and, in general, ecologists have been 

unable to combine data from multiple scales (Edwards et al. 2003). This is in large part 

due to the large amount of data needed, but by combining two different studies from the 

beginning, Wilson and I intend to do just that. 
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Hierarchy theory 

In ecology, hierarchy theory is generally used to create a series of levels of 

organization, with biological systems being arrayed into higher and higher levels of 

organization.  Levels may include cell, tissue, organ, organism, population, community, 

and ecosystem (O’Neill et al. 1986). Science is typically reductionistic, and attempts are 

made to explain higher levels by looking at lower levels. However, not all properties 

scale up without transmutation—what is true at one scale may be the opposite at another. 

For example, a certain species of fish is only found in desert lakes. If we say that these 

fish are only found in deserts, it is misleading. However, conditions found in deserts may 

affect the lakes and may in turn be necessary to the fish.  

Hierarchy theory leads to a triadic approach, with three levels being considered 

simultaneously. Level L is the level of interest, level L – 1 is the level below which 

supplies the mechanisms, and level L + 1 is the level above which gives context, role, or 

significance. Habitat choice by an organism involves multiple levels of decision—

regional, local and micro. Any level considered on its own is incomplete, but when 

bottom-up and top-down approaches are done together, the system can be more 

completely understood (Allen and Hoekstra 1992).  
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Appendix B. 

Literature Review—The Area of Interest 

Sagebrush Ecosystems  

Sagebrush ecosystems are typically divided into two main categories: Great Basin 

sagebrush and sagebrush steppe (Anon 2002 and West and Young 2000). In sagebrush 

steppe, sagebrush is co-dominant with perennial bunchgrasses and there is an herb-

dominated phase (West and Young 2000). Great Basin sagebrush areas are more arid and 

sagebrush is the sole dominant, typically comprising 70% or more of the relative plant 

cover (West and Young 2000). Almost all of this type of sagebrush habitat is publicly 

owned (West 1983a). Sagebrush steppe occurs in the northern portion of the 

Intermountain region and at higher elevations in southern areas whereas Great Basin 

sagebrush occurs to the south (West and Young 2000). About one third of sagebrush 

steppe is privately owned; two thirds are on public lands (West 1983b). Sagebrush steppe 

and Great Basin sagebrush both cover huge contiguous areas, but there are also smaller 

pockets of sagebrush found within other matrices. For instance, at high elevations forests 

dominate, but within these forests exist sagebrush-dominated meadows.  

Historically, sagebrush has dominated much of the Intermountain West (Vale 

1975). A desire to have better livestock forage, however, has led to considerable 

sagebrush “management.” Efforts to reduce sagebrush abundances and increase 

graminoid and herb abundances have included disking, chaining, plowing, herbicide use, 

prescribed burning, and reseeding with introduced grass species (Vander Haegen 2001, 

Davis 1982, and Bauer et al. 2002). By 1974 it was estimated that 30% of all sagebrush 

habitats in Colorado had been “treated” (Bauer et al. 2002). Approximately 10% of the 
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big sagebrush communities had been lost (Bauer et al. 2002) and the rate of loss has 

actually increased since then (Knick 1999). In addition to removal for range 

“improvements,” sagebrush has also been removed so that land can be converted for 

agricultural use (Paige and Ritter 1999). Invasion by introduced annuals has also affected 

sagebrush country.  Bromus tectorum (cheat grass), in particular, has changed the ecology 

of huge tracts of land, but Taeniatherum caput-medusae (medusahead), Centaurea 

solstitialis (yellow star thistle), Centaurea ssp. (knapweed), Sisymbrium altissimum 

(tumble mustard), and Halogeton glomeratus (halogeton) also have a continued impact 

(Paige and Ritter 1999). As a result, sagebrush-dominated communities are now 

considered one of the most endangered ecosystems in North America (Knick 1999 and 

Anderson and Inouye 2001). About 70 mammal species and 100 bird species are found in 

sagebrush habitats. Over 50% of western grassland and shrubland bird species are in 

decline, and some of these species live only in sagebrush (Paige and Ritter 1999). See 

Table 1 for a list of sagebrush obligates and near-obligates. 

 Conversely, shrub expansion at the expense of herbaceous species has been an 

issue of concern (Eckert et al. 1973 and Berlow et al. 2002). Human uses, particularly 

livestock grazing, have tended to favor sagebrush at the expense of associated herbs and 

graminoids (Knick 1999). Areas that were once sagebrush steppe are increasingly 

dominated by a monoculture of sagebrush. Sagebrush is but one component of a healthy 

sagebrush steppe ecosystem. Interestingly, sagebrush expansion into new areas is also a 

matter of concern. Climate change and livestock grazing may be allowing sagebrush to 

invade new areas as well as to increase its dominance (Loike and Harte 1997, Harte and 

Shaw 1995, and Frank 1988). 
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High-elevation Sagebrushes 

Small pockets of high-elevation sagebrush systems have been somewhat difficult 

for researchers to deal with. They are sagebrush-dominated systems, so are often lumped 

with low-elevation sagebrush steppe, but, in actuality, are found in extremely different 

conditions than other sagebrush systems. Alternatively, these sagebrush meadows are 

sometimes lumped with other mountain meadows. Sagebrush researchers have tried to 

leave these systems to scientists looking at meadows, and the scientists interested in 

meadows have tried to leave these systems to the sagebrush specialists (e.g., Peet 2000). 

As a result, these systems are often ignored altogether. 

High-elevation sagebrush-dominated mountain meadows typically fall into the 

sagebrush steppe category. These sagebrush systems are often the most diverse and 

productive (Jensen et al. 1988b). A variety of herbs, graminoids and other shrubs are 

typically abundant with sagebrush being only co-dominant. Associated shrubs can 

include Cercocarpus montanus (mountain mahogany), Amelanchier alnifolia 

(serviceberry), wild cherry (Prunus spp.), Purshia tridentata (bitterbrush), Ceanothus, 

and snowberry (Symphoricarpos spp.). Additionally, they may occur near grassy fields, 

moist meadows, springs, streams, and aspen stands and comprise but a small part of a 

diverse landscape mosaic. These meadows occur under a variety of situations and are 

found in a variety of forest types including juniper-pinyon woodlands, ponderosa pine 

forests, lodgepole pine forests, spruce-fir forests, and aspen forests (Knight 1994).  

Along with a variety of different primary producers in these sagebrush meadows 

comes a variety of wildlife. Medin et al. (2000) conducted a survey in each main habitat 
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type along an altitudinal gradient in Nevada and found more birds in mountain big 

sagebrush than any other habitat type. Also, a variety of game animals use these areas for 

forage (Eckert et al. 1973). However, much of the available literature on animal species 

composition in sagebrush steppe is based on research done in low-elevation sagebrush, 

and the contribution of high-elevation sagebrush to biodiversity is unclear. 

 The big sagebrush subspecies most commonly found at high elevations are 

Artemisia tridentata ssp. vaseyana (mountain big sagebrush, Vasey sagebrush or 

subalpine big sagebrush) and A. t. ssp. spiciformis (spiked big sagebrush or subalpine big 

sagebrush) A. t. spiciformis has typically been considered a form of vaseyana and only 

recently have range specialists begun to recognize it as a separate subspecies. Sometimes, 

however, it is even considered a separate species, A. spiciformis (Johnson 2000), though 

much of the data available for A. t. vaseyana does not differentiate it from spiciformis. 

The majority of data available on all big sagebrushes is either generalized to A. tridentata 

without regard to subspecies or generalized to mountain meadows.  

 

Ownership 

 BLM manages the majority of sagebrush habitat (Anon 2002), but much of the 

high-elevation sagebrush is under Forest Service management. The Forest Service 

manages the majority of the forested areas in the Intermountain West, so logically the 

sagebrush meadows within the forest are likely to be primarily under Forest Service 

management as well. Of the sagebrush that the Forest Service manages, the majority is 

mountain big sagebrush (Winward 1999). 
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Geographical Location and Extent 

A. t. vaseyana occurs from British Columbia south through Utah to California, 

New Mexico and Arizona. To the east, it is found in Colorado, Montana and Wyoming, 

and has even been identified as far east as Nebraska and the Dakotas. It occurs in a wide 

variety of geographical provinces: the Basin and Range, Rocky Mountains, Colorado 

Plateau, Wyoming Basin, and Columbia Plateau. A. t. vaseyana occurs from about 4,600 

to 10,000 feet and in a variety of ecological conditions. Much of the literature on A. t. 

vaseyana, therefore, may not be relevant to all A. t. vaseyana communities, especially 

those in mountain meadows. A. t. spiciformis occurs only at the highest elevations, 

typically 8,800 to 10,000 feet or higher (Anon 2002). Although more recent estimates are 

unavailable, in 1960 Beetle estimated that there were 7,000 mi2 of A. t. vaseyana and 

only 10 mi2 of A. t. spiciformis (then A. t. vaseyana form spiciformis). Montana, 

Washington, California and Nevada are estimated to only have 1 mi2 each of this 

subspecies. For this study, only sagebrush-dominated mountain meadows in Utah is 

considered. Sagebrush subspecies is identified on site and are most likely to be A. t. 

vaseyana and A. t. spiciformis, but were not a criterion used in site selection. 

  

Mountain Meadows 

Within forested areas there occur treeless openings or meadows varying from 

several meters to several miles in diameter. For each meadow, the transition between 

forest and meadow is extremely abrupt (Daubenmire 1943a). The plant cover within 

these is often similar to the plant cover of the adjacent basal plains—in the central 

Rockies, parks and meadows on the eastern slope are often dominated by grasses whereas 
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the west slope features sagebrush as a dominant (Daubenmire 1943a). However, different 

microclimates result in a variety of vegetation types, some quite different from those of 

lower elevations. 

Meadows are extremely variable in terms of community composition, elevation, 

moisture, substrate, soil, elevation, topography, and nutrient availability (Hunt et al. 

1988, Knight 1994, and Povirk et al. 2001). Meadows have been broken down using a 

variety of classification schemes, and there does not appear to be any one system that is 

commonly used. In the Greater Yellowstone Ecosystem, Debinski et al. (1999) recognize 

six different meadow types. Artemisia tridentata was identified in five of these and 

constituted over 5% of the total cover (and therefore considered by Debinski to be a 

dominant) in three. And within Grand Teton National Park, Sabinske and Knight (1978) 

identify four distinct sagebrush communities. Conversely, Knight (1994) recognizes four 

subalpine meadow types in Wyoming, only one of which is sagebrush meadow. In our 

study, all meadows with a big sagebrush component of at least 5% is treated equally. 

 

Causes and Perpetuations of Mountain Meadows 

There has been considerable speculation as to what causes these forest openings, 

and a variety of possible reasons have been suggested. Research suggests that different 

meadows are formed by different causes or by different combinations of causes. These 

include water-saturated soils which cause anoxia, vertisols (shrinking clay soils), cold air 

accumulating in sinks, slope, wind exposure, avalanches, fire, logging, ungulate grazing, 

pocket gopher activity, and other disturbances (West in lecture 2003, Burke et al. 1989, 

Knight 1994, Daubenmire 1943b). Additionally, parks and meadows are often associated 
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with poorly aerated soils, dry soils, steep slopes, high wind and sun exposure, or heavy 

snow accumulation (Daubenmire 1981).   

Lynch (1998) evaluated three hypotheses for the origin of parks (dominated by 

sagebrush, grasses, and forbs). The “permanent site hypothesis” suggests that parks are 

the result of different physical characteristics of the site, and therefore the opening is 

stable. The “remnant hypothesis” suggests that parks and meadows are remnants of once 

widespread vegetation. Climate change has allowed trees to slowly move in and spread. 

Finally, the “replacement hypothesis” suggests the opposite: that parks replace forest in 

response to disturbance and/or climate change. Lynch looked at fossil pollen and found 

that the dominant vegetation had indeed changed over time, supporting the “replacement 

hypothesis.” Once forest is removed, meadow vegetation can prevail if climatic 

conditions don’t favor tree species recruitment. However, other openings relate to other 

causes. Indeed, some meadows have stable boundaries, while others show evidence of 

being currently invaded by trees. Although this is often associated with anthropogenic 

activities, such as fire regime change, climate change, and grazing (Dunwiddie 1977 and 

Knight 1994), natural processes may also be involved.  

 Also, soil conditions and slope interact with climate to determine water 

availability, temperature averages and extremes, and snow redistribution (Billings 1969).  

According to Povirk et al. (2001) “edaphic properties may be the primary control on 

mountain meadow existence and perseverance.” In particular, soil texture can be a critical 

factor (Daubenmire 1943a and Peet 2000); parks and meadows are often found in valley 

bottoms with fine textured (alluvial and colluvial) soils. Excessive soil moisture or 

dryness can prevent tree establishment or favor shrubs, herbs or grasses and highly fertile 
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soils often support shrubs, which may inhibit tree regeneration (Peet 2000 and Knight 

1994).  

Even for this, however, there is no agreement. Schimpf et al. (1980) found the 

soils of four zones within spruce-fir forest, one of which was meadow, and one of which 

was spruce-fir, to be physically and chemically similar and therefore conclude that soil is 

not a cause of meadow existence in their study area. They suggest, along the lines of 

Lynch (1998), that meadows may have climaxed during a colder period and that the 

vegetation itself prevents tree establishment.  

Regardless of the original creation of these meadows and parks, current 

environmental factors contribute to their perpetuation. The vegetation patterns themselves 

control the snow distribution pattern creating positive feedback loops. Creation of a park 

or meadow through fire or other disturbance changes snowdrift patterns, energy balances 

and local hydrologic budgets such that these openings become self-perpetuating (Billings 

1969). Support for this includes alternating strips of ribbon forest and meadow strips that 

in winter correlate perfectly with, and indeed cause, winter snow accumulations. Drifting 

snow that lasts until late summer can prevent tree establishment or germination, shorten 

the growing season, encourage parasitic molds, break or bend trees, and increase pocket 

gopher densities (Knight 1994).  

Snow depth, snowpack release date, summer moisture availability, and the 

surrounding forest type all play a role in the determination of the vegetation within a 

mountain meadow (Povirk et al. 2001, Burke et al. 1989a and Weaver 1974). In areas of 

extremely deep snow accumulation (over 2.8 meters), sagebrush is either unable to 

germinate or is killed by snow molds (Sturges 1989). A. t. vaseyana, therefore, is most 
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successful in areas with intermediate amounts of snowfall; A. t. wyomingensis or other 

vegetation replaces it when average snowpack is too thin (Sturges 1989). Cold air or frost 

pockets can also determine which species are able to germinate. 

 Not all subalpine meadows are being maintained or have fixed species 

composition lists, however. Tree invasion is causing the loss of many meadows and 

mountain big sagebrush systems (Miller and Eddleman 2000). Trees invade some 

meadows during prolonged droughts and snow-free periods (Peet 2000), and these losses 

are correlated with livestock grazing (Dunwiddie 1977 and Peet 2000) and fire 

suppression (Miller and Eddleman 2000). Conversely, sagebrush invasion in herbaceous 

meadows has been another issue of concern (Berlow et al. 2002). 

 

Sagebrush-dominated Mountain Meadows 

Climate 

 The climate of mountain meadows is the same as that of the surrounding forest. 

Different soils, topography, aspect, and the effects of the vegetation itself, however, 

result in remarkably different localized conditions. Wind redistribution of snow, in 

particular, dramatically changes the effective precipitation any one area receives (Burke 

et al. 1989b). 

Mountain forests are typically mesic; moisture is not a limiting factor except 

where soils and/or topography limit moisture available to plants. The average annual 

temperature decreases by about 6˚C for each 1,000 meters of elevation gain, but time of 

year, cold-air drainage, mountain size, snow cover duration, and temperature inversion 

potential can make these averages useless (Knight 1994). In subalpine forest zones the 
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winters are cool and long (6-8 months) and summers are cool and short. Temperature 

fluctuations can be severe. Altitude alone has a number of effects due to the relatively 

thinner atmosphere of high elevations. There is more intense insolation during the day, 

rapid loss of heat from soil surfaces at night, greater evaporation, and a tendency toward 

suboptimal oxygen concentrations in the soil (Daubenmire 1943b).  

Western mountain meadows occur in a variety of forest types, each of which 

experience different climatic conditions. Lodgepole pine and ponderosa pine forests are 

found in notably drier climate regimes than spruce-fir forests (Knight 1994). This may 

explain the variation of precipitation described in the literature, from a low of about 12 to 

a high of over 30 inches per year.  

The timing of precipitation varies depending on region. At the Rocky Mountain 

Biological Laboratory, heavy snowfall through the winter melts in mid-May or early June 

and the majority of the rain comes as August afternoon showers (Shaw and Harte 2001). 

Several study sites have warm summers with frequent thunderstorms and warm, dry 

spring and fall weather. At these sites, about one quarter of the annual precipitation 

occurs during the summer growing season (USDA FS online). There is no available 

information on the average growing season, but one site has 50-56 days each year when 

neither temperature nor soil moisture limited plant growth (Jensen 1989b). Considering 

the wide variability amongst sagebrush ecosystems, there is likely to be considerable 

variability in growing season as well.  

 Temperature extremes and unpredictability are common in mountain meadows. In 

early February at Middle Sink, a hollow near Logan, UT, the temperature was recorded at 
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-61˚F (-51˚C) (West in lecture 2003 and Weather World 2002). These extremes are more 

important than the averages in determining species compositions (West in lecture 2003).  

 

Fire 

 Greater precipitation results in higher productivity and a greater fuel load (Cook 

et al. 1994). As a result, fire return intervals were historically shorter in these systems 

than for low-elevation sagebrush systems. For A. t. vaseyana the return interval was 12-

15 years in some populations (Miller and Rose 1999, Anon 2002), whereas the fire return 

interval for A. t. wyomingensis is 60-110 years (Miller and Rose 1999). As a result, these 

sagebrushes are more adapted to fire. A tridentata spiciformis is the only big sagebrush to 

resprout after being top-killed by fire (Winward 1999 and Anon 2002). However, the 

vegetative and nutrient responses of high-elevation big sagebrush to fire are largely 

unknown (Cook et al. 1994), and some A. t. vaseyana communities may have a fire return 

interval of as long as 200 years (Miller 2002).  

 

Topography 

 The vegetation patterns of shrublands are typically correlated with topography, 

and A. t. vaseyana is no exception (Burke et al. 1989a). The topography of sagebrush-

dominated mountain meadows is highly diverse. They are often found on ridges and in 

sinks, on steep slopes and gentle terrain. Wind is directed by topographical features and 

causes snow redistribution. This creates highly variable effective precipitation levels; 

from 60 cm on lower lee slopes to a few centimeters on exposed ridges (Burke et al. 

1989b). Extreme, leeward slopes result in deep snow accumulation, which precludes 
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sagebrush; too little snow in windward areas, however, can result in insufficient soil 

moisture (Burke et al. 1989a).  

  

Soils 

As previously mentioned, soil properties are an important determinant of the 

presence or absence of sagebrush meadows. Soils in mountain meadows are highly 

variable (Jensen 1989a), but, in general, as elevation increases so does soil organic 

matter, nitrogen, and carbon to nitrogen ratios, whereas Ph value, calcium, magnesium 

and potassium decrease (Buol et al. 1989 and Povirk et al. 2001).  

A. t. vaseyana is typically found on cryoborolls. These high-elevation soils are 

typically cryic (very cold) or frigid (cold) (Anon 2002), and are deep to moderately deep 

mollisols (Jensen 1989a). Soils are typically coarse (Meyer online), but vary from silty 

loam to sand (Kaltenecker and Wicklow-Howard 1994). 

Most of the nutrients in sagebrush steppe are in the soils (Carpenter and West 

1987 and Knight 1994) and the soils of A. t. vaseyana are higher in fertility than those of 

other sagebrushes (Jensen 1989a). Burke (1989) found the soils of A. t. vaseyana to be 

significantly higher in total carbon content, nitrogen, and microbial biomass with faster 

carbon and nitrogen turnover than those of other sagebrushes, but phosphorous levels 

were not significantly different.  

A. t. vaseyana has well-developed microbiotic soil crusts at drier sites, but they 

decrease as soil moisture and plant densities increase (Kaltenecker and Wicklow-Howard 

1994). A. t. spiciformis is typically accompanied by higher forb densities and less bare 

soil, so, while little is known about the dominance of microbiotic crusts, they are likely to 
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be poorly developed (Kaltenecker and Wicklow-Howard 1994). All woody sagebrush 

species are considered mycorrhizal obligates (Anon 2002). 

Soil erosion has been an issue of concern throughout the world, and erosion in 

mountain systems has been an issue of great political concern (West in lecture 2003). 

Hardy (2002) evaluated the correlation between soil erosion and a variety of factors 

including percent clay, silt and sand, organic and inorganic C content and percent bare 

ground in mountain sagebrush and grassland communities, and found that only percent 

bare ground was significantly correlated with erosion condition class. Human activities 

that increase bare ground will increase erosion problems. 

 

 

Primary Producers 

Peet (2000) writes that “relatively little has been written on the composition of the 

meadow and park vegetation of the Rockies.” However, communities dominated by A. t. 

vaseyana are known to have significantly greater levels of primary production and 

species richness and diversity than other sagebrush systems (Jensen et al. 1988b).  This is 

presumably caused by soil moisture. In comparison to other montane ecosystems, 

however, sagebrush meadows have a low to intermediate level of primary production.  

While there is high productivity and plant density in the summer growing season, 

in winter, all of the meadow vegetation, in at least some areas, senesces except sagebrush 

(Shaw and Harte 2001). A. t. vaseyana and A. t. spiciformis, like many sagebrushes, have 

two types of leaves: ephemeral leaves that are present only during the growing season, 

and persistent leaves that last 12-13 months before being shed (Favi and Eversman 2002). 
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While Bromus tectorum, an introduced grass, has invaded substantial portions of western 

sagebrush habitats, according to Berlow et al. (2002), Bromus tectorum (cheat grass) is 

not present in Sierra Nevada montane meadows. Bauer et al. (2002) found only one 

common exotic, Taraxicum officinale, in their study sites, and even then it comprised less 

than 0.1% of the total cover. However, Eckert et al. (1973) does list B. tectorum as a 

problem in Nevada mountain meadows. Additionally, Davis (2003 in lecture) has found 

B. tectorum to be a major problem in A. t. vaseyana rangelands, although less so at higher 

elevations. Unfortunately, little has been written about the effects and distribution of this 

and other introduced species in sagebrush meadows. While introduced species are found 

at high elevations, overall, it appears that they have not been a major problem in these 

areas. 

 

Consumers 

 Information on animal that species use sagebrush meadows is surprisingly slim. In 

order to get an idea of the species likely to be present, a variety of other known habitat 

types can be combined. For example, there are many species listed as present in mountain 

meadows. Some of these overlap with species listed as found in sagebrush. Many animals 

typically associated with forests are likely to be found in mountain meadows, at least 

occasionally, as well. From this, we can predict that they would occur in sagebrush-

dominated mountain meadows. See Table 2 for a compilation of the common mammals 

and Table 3 for a list of common birds found in sagebrush meadows. Even less data is 

available on amphibians, reptiles, and insects, and future studies are needed.  
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Mammals 

 Wildlife and livestock primarily use mountain meadows for summer forage. 

These areas are highly productive and support a wide number of species. Animals such as 

the bighorn sheep are also likely to use some of these areas as winter range. Due to the 

diversity of geographic and topographic variables, species compositions in various areas 

are likely to be highly variable, and most studies are pertinent only to small areas. 

 The majority of the information available is on large mammals and/or game 

species. Sagebrush provides important range for deer and elk, and A. t. vaseyana was 

found by Wambolt (1996) to be the most preferred browse of elk and mule deer as 

compared to Wyoming big sagebrush, basin big sagebrush and black big sagebrush.  

Pronghorn, bighorn sheep, elk, mule deer, white-tailed deer are all known to use 

mountain big sagebrush as cover to varying degrees in Oregon, Utah and/or Wyoming 

(Johnson 2000).  

 A wide variety of small mammals have been identified in different high-elevation 

sagebrush areas throughout the west. However, in most areas data on species assemblages 

is unavailable. For example, the Forest Service does not have species information for 

small mammals in high-elevation sagebrush stands on the Wasatch-Cache National 

Forest (Blatt, personal communication 2003). 

 

Birds 

 Birds associated with shrubland show more declines than those associated with 

any other habitat type except grasslands (Paige and Ritter 1999). And while the birds of 

many sagebrush ecosystems are less diverse than those of other ecosystems, many are 
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found nowhere else (Paige and Ritter 1999). Sagebrush obligates include Sage Sparrow, 

Sage Thrasher, Sage Grouse, and Brewer’s Sparrow (Paige and Ritter 1999).  

I could only find one study exploring the relative use of high-elevation sagebrush  

by sagebrush obligates. Medin et al. (2000) compared bird species across an elevational 

gradient in Nevada, and found the largest populations in mountain big sagebrush and the 

greatest avian diversity in mixed mountain big sagebrush and mixed conifer habitat. Of 

the obligates, Brewer’s Sparrows were more abundant in the mountain sagebrush than 

other sagebrush habitat types. They did not, however, find Sage Grouse or Sage Sparrows 

in mountain big sagebrush, though the Sage Thrasher was found in low densities in 

mixed mountain big sagebrush and juniper-pinyon habitat. Sage Grouse are listed 

elsewhere as preferring A. t. vaseyana over other sagebrushes (Welch et al. 1991), but 

avoid wet meadows with tall shrubs (Klebenow 1985). An evaluation of the relative 

contribution of sagebrush-dominated mountain meadows to avian diversity is greatly 

needed. 

 

Land-Use History 

Historical Condition 

 Historically, sagebrush ecosystems are thought to have consisted of a variety of 

states. This varied from a low density of sagebrush with high densities of grasses and/or 

forbs to nearly pure stands of sagebrush. Additionally, there was a mosaic of different 

states (Anon 2002). Vale (1975) reviewed 29 historical journals and diaries that 

emphasized the dominance of Artemisia though the Intermountain West, but 

unfortunately none of the entries he provides appear to refer to high-elevation sagebrush-
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dominated meadows. Overall, there appears to have been little historically written about 

these ecosystems.  

 

Human Use 

The primary human use of sagebrush ecosystems has been grazing. Livestock 

grazing in many mountain meadows probably began about 1890 with heavy grazing from 

about 1900 through the 1930s (Povirk et al. 2001), but some grazing may have begun 

even earlier as high-elevation watersheds in the West were notably damaged as early as 

1880 (Ellison 1960 as per Monsen and Shaw 2000). Over the last 100-plus years, 

considerable summer grazing in all meadow types has continued because ranchers 

typically want to rest their own lands in spring when plants are growing and more 

susceptible to damage, and so move their livestock onto public lands (Knight 1994). This 

can damage the vegetation of the mountain meadows, especially if soils are still wet from 

snow melt. Livestock grazing has also been an issue of concern for wildlife managers as 

bighorn sheep are susceptible to many diseases of domestic livestock (USDA FEIS 

database and Klebenow 1985). Currently, permittees are allowed to graze their livestock 

from mid-summer to early fall (Knight 1994). Alternatively, some of these meadows are 

under private ownership and have historically been used as private summer ranches. 

Second homes or ranchettes, which have an even greater ecological impact, are now 

being built on some of this private land (West in lecture 2003).  

 Mountains also provide watersheds for associated cities and human developments. 

Many high-elevation areas have been set aside in order to protect our water supplies 

(West in lecture 2003). As a result, many of these areas have been protected from 
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destructive use, although livestock grazing and nearby timber harvests continue. 

Additionally, erosion control has included the use of introduced species (Monsen and 

Shaw 2000) and the affects of these species on high-elevation sagebrush ecosystem 

functions have not been fully explored. 

Current human uses of these areas also include recreation. Sagebrush meadows 

are popular with snowmobilers and backcountry skiers in the winter and campers in the 

summer. Recreational use, even just foot trails, have been shown to impact animal 

species diversity and composition (Miller et al. 1998), and increasing use due to 

population growth, improved technology, and disposable time and income will likely 

have a greater affect on these areas in the future. 

 

Future 

Humans have impacted the planet in a variety of ways. The effects of climate 

change have recently become a major focus of many ecologists’ research, and high 

elevations and high latitudes are especially susceptible to impact by climate change 

(Harte et al. 1995 and Debinske et al. 1999). Global warming is predicted to be greatest at 

high elevations and latitudes and the vegetation adapted to these areas shows the greatest 

potential for change. Harte et al. (1995) suggests that montane ecosystems are likely to be 

among the most sensitive to global warming due to sharp vegetational gradients, snow-

albedo feedback and nitrogen availability changes due to spring and autumn temperature 

changes. Earlier snowmelt dates change flowering cycles and timing (Dunne et al. 2003), 

and some species, such as sagebrush, may be able to increase their dominance (Harte and 
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Shaw 1995). Additionally, species that are currently precluded from these areas due to 

short growing season or temperature extremes may be able to invade. 

Throughout shrublands, a variety of changes are occurring. In Texas and New 

Mexico woody plants are invading grasslands, while in Utah grasses are invading former 

shrublands (Gill and Burke 1999). Often the invading grasses are introduced, such as 

Bromus tectorum (Gill and Burke 1999). Disturbance and wet years promote shrub 

establishment, but once new areas are colonized, continued recruitment is independent of 

climate (Bauer et al. 2002). Once species composition has been changed, removing the 

stimulus will not necessarily remove the new colonizers and return the area to its 

previous condition.  

Experimentally heated plots in a Rocky Mountain meadow indicate species 

composition changes with climate warming. In particular, A. tridentata increased in drier 

habitats while Pentaphylloides floribuda increased in wetter habitats, and aboveground 

forb biomass decreased in both (Harte and Shaw 1995). Larger numbers of A. tridentata 

seedlings were found on the experimentally heated mountain meadow plots as well as 

greater A. tridentata aboveground biomass (Loike and Harte 1997). Over half of the 

examined species showed abundance, size, or flowering changes or frost damage (De 

Valpine and Harte 2001). Global warming will likely change the dominant vegetation and 

available forage of these meadows. Due to changing decomposition rates and shifting 

plant species compositions, nutrient cycles will also change (Harte and Shaw 2001). 

Species-specific responses of leaf water potential and relative water content also suggest 

likely species composition changes (Loike and Harte 1997). Of particular concern is the 

potential encroachment of intermountain flora into subalpine flora.  
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Species responses to global climate change are likely to be quite complex and 

therefore impossible to fully predict. While warmer temperatures favored A. t. vaseyana 

(Harte and Shaw 1995), Hanson et al. (1982) found a correlation between extensive (75-

100%) A. t. vaseyana foliage mortality and lack of snow. Climate change that increases 

snow cover may result in snow mold die off (Sturges 1989), while if less snow cover 

occurs, winterkill may result (Hanson et al. 1982). 

Mountain meadows are currently being taken over by trees and few are being 

created even when there is fire or timber harvesting (Povirk et al. 2001 and Knight 1994). 

This trend is likely to continue and even accelerate. 

 Intentional destruction of these systems is also possible. Sagebrush elimination 

may increase stream flow (Sturges 1994 and Knight 1994), and as water becomes an 

increasingly important commodity in the west, efforts to increase water availability may 

impact native communities. Sturges (1994) found that removing sagebrush and reseeding 

with introduced grasses can result in a 20% water yield increase while also decreasing  

coarse sediment transport. This suggests that removing sagebrush can increase human 

water supplies without increasing erosion. Conversely, sagebrush meadows release more 

water than forested areas, so this may actually result in meadow creation. The percentage 

of these that would be suitable sagebrush habitat or where sagebrush would not be 

controlled is unknown.  

 In order to make educated management decisions for these areas, a greater 

understanding of these ecosystems is needed. In particular, we need to know which 

species use these areas, and how these high-elevation sagebrush areas contribute to 

sagebrush species diversity. 
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Table 1. Sagebrush obligates and near obligates 
 
Sagebrush Obligates 

• Sage Sparrow Amphispiza belli 

• Brewer’s Sparrow Spizella breweri 

• Sage Thrasher Oreoscoptes montanus 

• Greater Sage-Grouse Centrocercus urophasianus 

• Pygmy rabbit Brachylagus idahoensis 

• Sagebrush vole Lemmiscus curtatus 

• Pronghorn antelope Antilocarpa americana 

• Sagebrush lizard Sceloporus graciosus 

Near Obligates: (Braun et al. 1976, Paige and Ritter 1999) 

• Green-tailed Towhee Chlorura chlorura 

• Vesper Sparrow Pooecetes grammineus 

• Gray Flycatcher Epidonax wrightii  

• Least chipmunk Tamias minimus  
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Table 2. Mammal species potentially trapped (Rickart 2001). 
 
Order Insectivora 
Masked Shrew – Sorex cinerens 
Vagrant Shrew – Sorex vagrans 
Dusky or Montane Shrew – Sorex monticolus  
Dwarf Shrew – Sorex nanus 
 
Order Lagomorpha 
Pika – Ochotona princeps 
Nuttall’s or Mountain Cottontail – Sylvilagus nuttalii 
Desert or Audubon’s Cottontail – Sylvilagus audubonii 
Snowshoe Hare – Lepus americanus 
White-Tailed Jack Rabbit – Lepus townsendii 
 
Order Rodentia 
Least Chipmunk – Tamias minimus  
Cliff Chipmunk – Tamius dorsalis 
Uinta Chipmunk – Tamius umbrinus 
Wyoming Ground Squirrel – Spermophilus elegans 
Uinta Ground Squirrel – Spermophilus armatus 
Thirteen-Lined Ground Squirrel – Spermophilus tridecemlineatus 
Golden-Mantled Ground Squirrel – Spermophilus lateralis 
Red Squirrel or Chickaree- Tamiasciurus hudsonicus 
Northern Flying Squirrel – Glaucomys sabrinus 
Northern Pocket Gopher – Thomomys talpoides 
Idaho Pocket Gopher – Thomomys idahoensis 
Olive-Backed Pocket Mouse – Perognathus fasciatus 
Great Basin Pocket Mouse – Perognathus parvus 
Western Jumping Mouse – Zapus princes 
Ord’s Kangaroo Rat – Dipodomys ordii 
Deer Mouse – Peromyscus maniculatus 
Canyon Mouse – Peromyscus crinitus 
Brush Mouse – Peromyscus boylii 
Western Harvest Mouse –Reithrodontomys megalotis 
Northern Grasshopper Mouse – Onychomys leucogaster 
Bushy-Tailed Woodrat – Neotoma cinerea 
Southern or Boreal Red-Backed Vole – Clethrionomys gapperi 
Heather Vole – Phenacomys intermedius 
Meadow Vole – Microtus pennsylvanicus 
Montane Vole – Microtus montanus 
Long-Tailed Vole – Microtus longicaudus 
Water Vole – Microtus richardsonii 
Sagebrush Vole – Lemmiscus curtatus 
Yellow-Bellied Marmot – Marmota flaviventris 
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Order Carnivora 
Ermine or Short-Tailed Weasel – Mustela erminea 
Long-Tailed Weasel – Mustela frenata 
Western Spotted Skunk – Spilogale gracilis 
Striped Skunk – Mephitis mephitis 
 
Non-Native Species 
House Mouse – Mus musculus 
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Figure 1. Description of meadow edge. 
 
 
 
 
 
 
 
 
 
 
 
 
Isometrically shaped with a relatively Isometrically shaped with a relatively 
short edge length.    long edge length. 
 
While each meadow may have a similar shape and total area, the transition between 
meadow and forest can be highly variable. 
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