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ABSTRACT 

 

This study was conducted to evaluate the effects of chemical, mechanical, and prescribed fire 

treatments in a Wyoming big sagebrush community (Artemisia tridentata ssp. wyomingensis) 

near Pinedale, Wyoming. Treatments included the application of tebuthiuron at rates of 0.9 

a.i/ha and 1.9 a.i./ha (light and heavy Spike), Dixie harrow, Ely chain, aerator, low mow,  

medium mow with forb seeding, high mow, and prescribed fire. One season of pre-treatment 

and 5 seasons of post-treatment data were collected. Grazing was excluded from half of each 

treatment site for 3 out of the 5 post-treatment years. 

 The low mow treatment resulted in the greatest reduction of sagebrush cover while 

the light spike treatment resulted in the most minimal reduction of sagebrush. Mature 

sagebrush was most affected by the prescribed fire treatment, and decadent sagebrush was 

reduced on all plots. By the final year of the study, sagebrush had started to recover and 

increases in cover were seen on all plots (including the control) except the two spike 

treatments and the prescribed fire plot. Grazing had a minimal effect on sagebrush steppe 

attributes including canopy cover, density, and age class distribution. 

 Mean total grass cover increased on all sites except those treated with the aerator and 

high mow treatments. Total forb cover, species richness, and Shannon-Wiener Index values 

increased on all plots; however, little difference was documented between treatments and the 

control. Herbaceous changes were attributed to differences in year to year fluctuations and 

seasonality of sampling. Grazing was a significant effect for grass biomass only. 

 While this post-treatment data serve as a good indicator of initial changes that 

occurred, continued monitoring for longer time periods would better allow us to assess 

treatment efficiency or applicability. 

 In addition, a comparison of line intercept and line-point intercept methodologies for 

collecting shrub canopy cover estimates was conducted. Both a field trial and a simulated 

trial using ARC GIS were used. In field trials, estimates based on line-point intercept were 

higher than estimates based on line intercept, and the two methods differed at the levels of 

ten and twenty percent cover. For the simulated trial, methods differed at the twenty percent 

cover level. Also, higher numbers of points for the line–point intercept resulted in more 

similar predictions of cover between the two methodologies. 
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CHAPTER I 

 

VEGETATION TREATMENT EFFECTS IN A WYOMING BIG SAGEBRUSH 

COMMUNITY 

 

INTRODUCTION 

 

This study was designed to quantify and compare the long term effects of chemical, 

mechanical, and prescribed fire treatments on vegetation age class and diversity on the 

Pinedale Mesa, which is located in the Upper Green River Basin of the Wyoming Basin. 

While many sagebrush treatments have been individually assessed, few comparison studies 

have been done to determine which treatments, if any, are most effective at diversifying 

sagebrush canopy cover, and increasing grass and forb production in Wyoming big sagebrush 

communities. 

Since the early 1800s, sagebrush (Artemisia L. spp.) dominated ecosystems 

throughout western North America have become increasingly fragmented and altered due to 

a multitude of land practices (Dobkin and Sauder 2004). Current threats to sagebrush 

ecosystems include: past land uses, urbanization, farmland conversion, recreation, resource 

extraction development, altered fire regimes, and expansion of invasive species (Chambers 

and Wisdom 2009). Sagebrush has been severely reduced in many landscapes due to these 

and other factors (Knick et al. 2003). In areas where sagebrush remains, the communities, as 

well as the wildlife habitat they provide are often degraded. 

The survival of many species including sage grouse (Centrocercus spp.), mule deer 

(Odocoileus hemionus), pronghorn (Antilocapra americana), elk (Cervus elaphus), and 

pygmy rabbits (Brachylagus idahoensis), are dependent on healthy and diverse sagebrush 

stands (USDA 2005). Focus is often given to sage grouse habitat requirements as these birds 

are true sagebrush obligates, relying on sagebrush year round for breeding, nesting, brood 

rearing, and foraging (Rowland 2004). While 60-80% of all food consumed by sage grouse is 

sagebrush, forbs are particularly important to pre-laying females and young chicks for 

nutritional needs (Barnett and Crawford 1994; Drut et al. 1994; McAdoo et al. 2002). Ideal 

sage grouse habitat includes a sagebrush-steppe mosaic with a diverse array of grasses and 

forbs; varying heights of sagebrush are also desirable (Connelly et al. 2000). 
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 Altered disturbance regimes have caused changes in shrub community composition. 

Sagebrush cover and density increases have been attributed to fire suppression and excessive 

grazing (Miller and Eddleman 2001). Conversely, communities affected by annual grass 

invasion have experienced more frequent fires, resulting in an overall loss of sagebrush. 

Under both scenarios, the health and productivity of the herbaceous understory is often 

negatively affected (Baxter 1998). 

 A decrease in the herbaceous understory, including grasses and forbs, has been 

attributed to increases in sagebrush cover (Barnett and Crawford 1994). The maximum 

canopy cover of Wyoming big sagebrush (Artemisia tridentata Nutt. ssp. wyomingensis 

Beetle & Young) in areas receiving more than 20 cm of annual precipitation is typically no 

more than 25-30% (Wyoming Interagency Vegetation Committee 2002). With canopy cover 

of 12-15%, competition can begin to have negative effects on the herbaceous component in 

the understory; for every 1% increase in Wyoming big sagebrush cover there is an estimated 

3.8% decrease in understory herbaceous production (Winward 1991). 

Beginning in the late 1940s, numerous range improvement projects were initiated by 

land management agencies to reduce big sagebrush (Artemisia tridentata Nutt.) in the 

landscape. Wambolt et al. (2001) estimated that over the last 50 years, millions of hectares of 

sagebrush have been affected by treatments. Many of these projects were conducted in an 

effort to improve livestock forage and improve range condition (Frischknecht and Bleak 

1957; Vale 1974), and methodologies included chemical, mechanical, and prescribed fire 

treatments (Johnson 1969; Wambolt and Payne 1986; Miller and Eddleman 2001). More 

recently treatments have been advocated to restore sagebrush communities through 

diversification of sagebrush age class and reduction of sagebrush density (Barnett and 

Crawford 1994; Olson and Whitson 2002). While precipitation, understory species, soil 

properties, and grazing history must be taken into consideration when assessing potential 

herbaceous yield, some form of sagebrush canopy removal is often required to promote 

understory productivity (Winward 1991; Welch and Criddle 2003). 

 

 

Chemical treatments 

Initially the herbicide 2, 4-D (2, 4-dichlorophenoxy acetic acid) was used as an effective 

sagebrush control method. While effective at treating sagebrush, this chemical also caused 
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decreases in forbs (Baxter 1998). Due to this consequence, recent restoration projects have 

turned to the use of the herbicide tebuthiuron [1-(5-tert-butyl-1,3,4-thiadiazol-2-yl)-1, 3 

dimethylurea], commonly known as Spike 20P. This herbicide works to selectively thin 

sagebrush stands through the inhibition of photosynthetic activity. At low application rates 

tebuthiuron has little effect on other plant species. Olson and Whitson (2002) reported that 

when applied at 0.1-0.5 kg active ingredient (a.i.)/ha, only sagebrush plants within a 0.5-m 

radius of the individual herbicide pellet were affected. Sagebrush mortality rates comparable 

to those seen with 2, 4-D have been achieved with application of tebuthiuron at 1 and 2 kg 

a.i./ha rates (Britton and Sneva 1983). 

Achievement of sagebrush canopy reduction for restoration goals using tebuthiuron 

can be met by considering soil conditions and annual precipitation rates and adjusting 

application rates. Low precipitation rates and soils with higher sand content have been shown 

to increase the effects of tebuthiuron. Application rates between 1.1 kg a.i./ha and 3.35 kg 

a.i./ha have  been recommended for 50-75% reduction in Wyoming big sagebrush at 

elevations above 1,980 m (Dow AgroSciences 2011).  

Tebuthiuron does not dissociate in soils with high pH (Olson and Whitson 2002). It 

also binds to organic matter and clay particles; however, soils associated with sagebrush 

ecosystems are typically low in organic content making clay content the most common factor 

in determining chemical effectiveness. 

 McDaniel et al. (2005) studied eight different Wyoming big sagebrush plots treated 

exclusively with tebuthiuron. The authors collected canopy cover and vegetation yield for 20 

years post-chemical application, and found that the number of years favorable for sagebrush 

establishment was the most significant factor affecting Wyoming big sagebrush recovery. 

Treatments were predicted to last at least 35 years at six of the eight study sites; higher rates 

of herbicide extended treatment life.  

 While not specific to tebuthiuron, other studies have shown that herbicide treatments 

typically last between 14 and 17 years (Johnson 1969). After 17 years, Johnson (1969) 

determined that young sagebrush plants in sprayed areas exceeded the number of young 

plants in the control plots, and that 14 years after spraying, live sagebrush crown area had 

returned to pre-spraying levels. Similarly, Watts and Wambolt (1996) found that Wyoming 

big sagebrush cover on treated plots exceeded that of the control plot after 10 years. Few 
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long term studies of the impacts of tebuthiuron on plant community structure and function 

have been conducted (Miller and Eddleman 2001; Olson and Whitson 2002). 

 

Mechanical Treatments 

There are multiple mechanisms including plowing, chaining, disking, mowing, and aerating, 

available for the mechanical treatment of sagebrush. As opposed to broad-scale treatments 

like prescribed fire, mechanical treatments allow for a more controlled application, and 

avoidance of sensitive areas. Studies conducted in the 1940s indicated that mechanical 

treatments resulted in increased perennial grass cover, and several years after treatments, 

increases of 200-400% were observed (Barnes 1952; Vale 1974). 

 Use of one way disc plows for vegetation manipulation was studied by Barnes (1952). 

Plows created small pits about 40 cm apart, and reduced the vegetative cover by about 30%.  

Results of the study indicated that plow furrow width patterns of 0.6 m provided optimum 

vegetation establishment; greater widths did not result in increased herbaceous yields (Barnes 

1952). Initial studies indicated that surviving sagebrush plants provided seed for re-

colonization of treated sites (Bleak and Miller 1955; Johnson and Payne 1968). Treatments 

conducted while sagebrush seed was at maturity also resulted in greater sagebrush 

reestablishment.  

 Chaining was first advocated as a means of sagebrush thinning in the 1960s (Fairchild 

et al. 2005). Chaining can scarify soil and prepare a desirable seedbed, while maintaining 

more shrubs. This allows for more seed production which is beneficial for sagebrush 

reestablishment. The Ely chain consists of an anchor chain with attached steel bars, which 

can be welded at every link, every other link, or every third link (Stevens and Monson 2004). 

The chain is then dragged between two bulldozers in a “U” shape, half circle, or “J” shaped 

pattern with the “U” pattern providing the most vegetation disturbance (Vallentine 1980). 

 Mowing, which was implemented more frequently in the past, reduces upright species 

while retaining low-growing perennials and sprouting species (Vallentine 1980). It also 

minimized soil impacts unlike some of the other mechanical methods, and different heights 

could be attained. 

 The pipe, or Dixie harrow, is composed of small diameter, iron-spiked pipes that are 

dragged behind a spreader bar (Vallentine 1980). This technique has resulted in reductions of 

sagebrush of between 30-70%. According to Vallentine (1980), it typically uproots 10-20% 
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of bunchgrass species and slightly damages annuals and sprouting shrubs. Adequate soil 

disturbance is obtained for seed coverage. 

 The Lawson aerator is an apparatus specially designed for soil aeration and the 

chopping of small brush (Lawson Manufacturing Inc 2011). A large drum with spiraling 

horizontal blades can mulch brush from 6-10 cm in diameter. 

 Current restoration objectives differ from those of the 1940s; contemporary 

restoration plans recommend using strips on the order of 4-8 m. Connelly et al. (2000) 

advocate the retention of relatively high densities of shrub-canopy cover and treatment of no 

more than 20% of sage grouse breeding habitat at one time. Older treatments often included 

seeding with non-native grasses to increase forage palatability for domestic livestock; 

however, today’s seeding should be done with native grasses and forbs if possible (Richards 

et al. 1998). Recommended seed mixtures often include a variety of shrubs, forbs, and 

bunchgrasses. In order to facilitate an improved herbaceous response, soil treatments that 

result in minimal soil disturbance have been advocated; minimal disturbance should create 

moisture retention, and storage capabilities (Rauzi 1975).  

 Olson and Whitson (2002) highlighted the importance of considering the possible 

impacts of annual grasses including field brome (Bromus arvensis L.) and cheatgrass 

(Bromus tectorum L.) when planning restoration projects. These grasses can readily colonize 

disturbed sites and could have a competitive advantage over native species, which should be 

weighed in the planning process. Hedrick et al. (1966) noticed an increase in cheatgrass and 

decrease in forbs on mechanically and chemically treated early seral sagebrush communities. 

  

Prescribed fire/wildland fire treatments 

Since the 1980s, prescribed fire has become a popular tool for sagebrush removal (Bunting et 

al. 1987). Like other treatment methods, the effects of fire are largely dependent on 

environmental factors and individual species and sub-species response. As noted by Bunting 

et al. (1987) different sagebrush species can have diverse responses to fire; restoration goals 

should take these unique interactions into account.   

 Wyoming big sagebrush stands are often difficult to treat with prescribed fire due to a 

lack of fine fuels (Bunting et al. 1987). Additionally, fire spread is limited by relatively low 

cover of sagebrush. Low amounts of fuel loading in Wyoming big sagebrush communities 

can be attributed to the aridity of the regions in which they grow; these areas typically 
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receive between 18-30 cm of precipitation per year (Wrobleski and Kauffman 2003). In 

accordance with this precipitation regime, Wyoming big sagebrush communities experience 

the longest fire–return interval of all the big sagebrush species which is estimated to be 

between 32-100 years; however, Wright and Bailey (1982) stated that 100 years might be on 

the lower end of fire frequency for these xeric communities. 

 While Wyoming big sagebrush will establish from seed post-fire, recurrent fire events 

may eliminate viable seed (Bunting et al. 1987).  Bunting et al. (1987) found that recovery of 

these communities post-fire was often slower than that observed in other big sagebrush 

subspecies and that post-fire species diversity was low compared to other big sagebrush 

steppe vegetation. As Wyoming big sagebrush is a mid-to late- seral species, re-

establishment after a fire can take up to 30 years (Wambolt et al. 2001). Baker (2006) 

suggests the complete recovery may take between 50-120 years. 

 Wambolt and Payne (1986) found that prescribed fire resulted in very little re-

establishment of Wyoming big sagebrush six years after burning, despite seed availability 

from nearby shrubs. The treatment did increase bluebunch wheatgrass (Pseudoroegneria 

spicata (Pursh) A. Love), Sandberg bluegrass (Poa secunda J. Presl), total perennial grasses 

and total vegetation production. In a comparison of 4 different sagebrush treatments Watts 

and Wambolt (1996) also found that when compared with chemical and mechanical 

treatments, burning has the longest lasting impact on Wyoming big sagebrush 

reestablishment; sagebrush growth returned to those similar to control plots after 30 years.  

 Cheatgrass has become a dominant component of Wyoming big sagebrush 

communities throughout parts of Idaho, Nevada, and Oregon, and in these systems cheatgrass 

increases the probability of fire (Bunting et al. 1987). Fire-return intervals have been 

shortened to less than ten years in some affected areas (Knick et al. 2005), and more than 

50% of native sagebrush steppe has been converted to annual grasslands (Knick 2002). Fires 

that used to burn in a mosaic pattern now leave little area unburned with few areas left to 

provide seed for native plant reestablishment (Miller and Eddleman 2001). Bottlebrush 

squirreltail (Elymus elymoides (Raf.) Swezey) may be the only native perennial bunchgrass 

species that increases in areas dominated by cheatgrass (Bunting et al. 1987). Rabbitbush 

(Chrysothamnus Nutt. spp. and Ericameria Pall. ssp.) may also increase in Wyoming big 

sagebrush communities that are exposed to repeated fires (Harniss and Murray 1973; Bunting 

et al. 1987). 
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  Multiple factors must be considered when using prescribed fire as a restoration tool 

(Bunting et al. 1987; Miller 2002). Harniss and Murray (1973) noted the improvement of 

grass and forb yields given appropriate prescribed fire planning. Burn plots might for 

instance, need to be rested for up to two growing seasons to promote understory growth 

(Bunting et al. 1987), and the timing of prescribed burns also might be critical to exclude 

invasive species (Davies et al. 2007). Subsequent vegetation treatments may also need to be 

halted for up to 30 years to give sagebrush adequate time to re-establish. Wildlife habitat is 

also an important consideration. Wambolt et al. (2001) stated that empirical evidence 

supporting positive effects of fire on sage grouse habitat is lacking. The authors suggested 

that both short and long-term effects are detrimental to sage grouse habitat requirements as a 

result of loss of security cover and productivity. 

 

Synergistic effects of grazing 

The synergistic effects of grazing and sagebrush treatments are important to consider because 

restoration activities are likely to occur on  lands with some level of grazing (S.Schulz, 

Rangeland Management Specialist, personal communications, August 2010). At a 

community level, severe grazing can lead to an increase in the density and cover of shrubs 

and annual grasses (Miller and Eddleman 1969). Vale (1974) noted a decrease in perennial 

forb species due to grazing. Baker (2006) and Vale (1974) suggested that biomass might be 

reduced and that grass and sedge health also might be affected.  Loeser et al. (2007) reported 

that high severity grazing led to a decline in perennial forb cover and increase in annual 

plants, especially cheatgrass. A twofold increase in non-native plant cover was found at 

highly impacted sites following a severe drought. An increase in sagebrush and rabbitbrush 

has also been attributed to repeated severe grazing (Peters and Bunting 1994). In a study by 

Frischknect and Bleak (1957), young sagebrush far outnumbered their older counterparts 

where grazing use had been consistently severe. 

 Timing of grazing, climatic fluctuations, and landscape scale disturbances can impact 

community composition. Laycock (1967) observed that severe spring grazing caused an 

increase in sagebrush and cheatgrass while simultaneously decreasing perennial grasses and 

forbs. This decline in perennial grasses and forbs could be attributed to grazing the species 

during their active stages of growth (Laycock 1967). However, Bates (2009) concluded that 
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after one growth cycle post-fire, moderate grazing had little to no effect on recovery of the 

Wyoming big sagebrush community. 

 

Vegetation Treatments in Western Wyoming 

This study focused on Wyoming big sagebrush improvement efforts being conducted in the 

Upper Green River Basin of the Wyoming Basin in west-central Wyoming.  Winter range 

vegetation transects conducted by the Bureau of Land Management (BLM) in 1994 indicated 

that the sagebrush community on the Pinedale Mesa lacked age-class diversity (USDI 2005). 

Many of the sagebrush present were classified as older, mature, or decadent with few young 

plants present. The latest ecological condition inventory, which was conducted in the mid-

1980s classified 96% of the area surveyed as late or mid-seral stage (USDI 2007). Median 

sagebrush canopy cover was reported at 21%. 

 While herbicide application was the preferred method of vegetation treatments in the 

1960s and 1970s, many different treatment types have been conducted in the region since the 

1980s (USDI 2007). Prescribed fire is currently the most commonly used method, and over 

2,630 ha of the Pinedale Anticline Project Area have been treated with fire or mechanical 

methods since 1988. These treatments were often conducted with the goal of improving 

livestock forage and big game winter habitat (USDA 2007). 

 QEP Energy, one of the primary companies working on the Pinedale Mesa, has been 

investigating methods of improving existing sagebrush habitat for a number of sagebrush 

obligate species in an effort to offset sagebrush steppe habitat losses incurred during natural 

gas development. In addition to providing habitat for greater sage-grouse, the area is 

considered crucial winter range for mule deer, and pronghorn use the Pinedale Mesa for 

much of the year. Crucial winter range is defined as the portion of winter range to which a 

species is confined during periods of heaviest snow cover (USDI 2007). Numerous other 

animal species are found on the Pinedale Mesa, including; pygmy rabbits, badgers (Taxidea 

taxus), white-tailed prairie dogs (Cynomys leucurus), red fox (Vulpes vulpes), coyotes (Canis 

latrans) and a variety of raptor species. 
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STUDY OBJECTIVES 

 

This study was designed to determine how vegetation treatments affect shrub and herbaceous 

vegetation characteristics over time. Treatment areas were examined with the following 

objectives in mind: 

Determine change in sagebrush cover, density, age-class distribution, and biomass 

production (kg/ha) resulting from each treatment. 

Determine the change in cover of other shrubs after treatment. 

Quantify changes in grass and forb cover and biomass (kg/ha) resulting from each 

treatment. 

Determine how treatments affected species richness and diversity. 

 

MATERIALS AND METHODS 

 

Study area 

The Pinedale Mesa is situated between the Green and New Fork Rivers, south of the town of 

Pinedale in west-central Wyoming (Figure 1). The Mesa itself is relatively flat with a mean 

elevation of 2,250 m, and encompasses approximately 31,000 ha (USDI 2005). The area is 

administered by the BLM (30,472 ha), the State of Wyoming (325 ha), and private land 

owners (647 ha). The Pinedale Mesa is part of the larger Pinedale Anticline Project Area 

(PAPA), which consists of over 80,000 ha (USDI 2005) and currently has over 600 

producing oil and gas wells. 

The region is semi-arid and continental with short, dry summers and long, cold 

winters. The hottest months of the year are July and August while the coldest are December 

and January (Western Regional Climate Center 2010). The January mean temperature is -

10.8 C° while the mean temperature in July is 15.5 C° (Figure 2).  For the duration of the 

study, maximum temperatures averaged by water year (October-September), have typically 

been above the 30-year average. Annual precipitation averaged 26.9cm over the 30 water-

year period from 1970-71 through 1999-2000 (USDI 2007). Snowfall averages 147 cm 

occurring from October to April. Precipitation was consistently below the 30 year average 

from 2000-2003; however, 2004 and 2005 precipitation values were above the 30-year 

average (Figure 3) (Western Regional Climate Center 2007).  
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The project area is dominated by Wyoming big sagebrush. Other shrubs, found in 

lower densities include: low sagebrush (Artemisia arbuscula ssp. longiloba (Osterh.) L.M. 

Shulz), yellow rabbitbrush (Chryosothamnus viscidiflorus (Hook.) Nutt.), and antelope 

bitterbrush (Purshia tridentata (Pursh) DC).  

Grasses found within the project area include: thickspike wheatgrass (Elymus 

lanceolatus Gould), Sandberg bluegrass, bottlebrush squirreltail, western wheatgrass, 

Letterman’s needlegrass (Achnatherum lettermanii (Vasey) Barkworth), Indian ricegrass 

(Achnatherum hymenoides (Roemer & J.A. Schultes) Barrkworth), and prairie junegrass 

(Koeleria macrantha (Ledeb) J.A. Schultes). Forb species include: pussytoes (Antennaria 

Gaertn. spp.) milkvetch (Astragalus L. spp.), phlox (Phlox L. spp.), clover (Trifolium L. 

spp.), buckwheat (Eriogonum Michx. spp.) and desert yellow fleabane (Erigeron linearis 

(Hook.) Piper).  

Within the project area, terrace soils can be found. These soils are nearly level, and 

typically deep, and extremely gravely or cobbly sub soils exist in certain locations. Soil in the 

area is a Gemdalin gravelly loam series. Quartzite cobbles, ranging from 10-40 cm in 

diameter, can be found in numerous locations on the Pinedale Anticline (USDI 2005).  

 

Plot location 

During the summer of 2006, ten 12-ha plots were established on the Pinedale Mesa as study 

sites (Figure.1). Plot locations were chosen with the assistance of employees from QEP 

Energy to avoid placement within areas of know future development. Care was taken to 

locate plots in areas that were homogeneous. Given the uniform topography of the Pinedale 

Mesa, differences in aspect and slope were easily minimized. Some plots investigated during 

initial project planning by the BLM in 2005 were moved due to unexpected energy 

development plans.  

Vegetation monitoring was conducted before and after the implementation of the 

treatments. Pre-treatment monitoring was conducted during July and August of 2006. Post-

treatment monitoring commenced during May of 2007 and continued during peak biomass 

production in the summers of 2008, 2009, 2010, and 2011. Four permanent, 60-m transects 

were randomly established in each plot. These transects were marked with rebar stakes, and 

UTM coordinates were taken with a Garmin GPS unit at each start and end point (Appendix 

A). Digital photos were taken from each start point. Slope, aspect, and elevation were 
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recorded. Each plot had two, approximately 3-ha subplots available for grazing and two, 3-ha 

subplots where grazing was excluded (Appendix A). 

 

Treatments 

Ten different treatments were implemented at the study sites. These treatments included: 

light tebuthiuron (Spike 20P) treatment, high tebuthiuron (Spike 20P) treatment, Dixie 

harrow, one-way chaining, Lawson aerator, low mowing (10 cm), medium mowing with forb 

seeding (15 cm), high mowing (35 cm), and prescribed burning. One site served as a control. 

To exclude grazing from half of each site, every site was subdivided, prior to grazing, with 

electric fencing. Fencing was removed after the 2009 data collection. 

 Treatments were assigned randomly to plots; however, a ground disruptive treatment 

was later assigned to another plot as the randomly chosen site had known sage-grouse nesting 

areas. Although each treatment was implemented at two paired plots, the lack of treatment 

replication at different sites resulted in pseudoreplication as detailed by Hurlbert (1984).  

Approximately 11 kg of forb seed was distributed after the medium mowing 

treatment. The two forbs chosen for planting were: Rocky Mountain penstemon – Bandera 

(Penstemon strictus Benth) and Munro globemallow (Sphaeralcea munroa (Dougl.ex Lindl.) 

Spach ex Gray). Equal parts of each forb were included in the seed mixture. The light Spike 

15 plot was treated with Spike 20P at a rate of ~0.9 kg a.i./ha; the high Spike plot was treated 

with ~1.9 kg a.i./ha.  

Treatments occurred during the late summer/early fall of 2006. Responsibility for 

treatment implementation was divided among contributing agencies. The BLM completed 

the mowing and prescribed fire treatments while the Wyoming Game and Fish was 

responsible for treating the Lawson aerator and Dixie harrow plots. The Frontier Company 

applied the low and high tebuthiuron (Spike 20P) treatments. QEP Energy Production 

provided the Ely chain and heavy equipment operators.  

Grazing treatments were subject to cattle drift across the Pinedale Anticline. 

Approximately 5,000-7,000 cattle are moved across the Anticline each year (USDI 2007). 

Cattle move north to U.S. Forest Service land at the end of June; return across the Anticline 

in October. Most livestock use is limited to less than two months a year. As a number of 

travel routes and water sources are available to stock, there is considerable variability in 

stock movement from one year to the next.  
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Vegetation measurements 

To assess canopy cover of forbs, grasses, and shrubs, the canopy cover class method 

(Daubenmire 1959) was used. Measurements were taken within each of twenty 50 x 50-cm 

quadrats placed at the 3-m mark and every 3 m thereafter along each 60-m randomly located 

and oriented line transect. The quadrats were laid to the right of the transect line. Ground 

cover for all species was estimated using cover class categories. The cover classes were 

defined as: class 1=<1%, 2=1-5%, 3=5-10%, 4=10-25%, 5=25-50%, 6=50-75%, 7=>75%, 

8=100%. Any species falling within or hanging over the frame was recorded. Ground cover 

estimations included the percent cover of litter, rock, and cryptogams. Mosses and lichen 

were included within the cryptogam category. Bare ground was recorded separately. Average 

herbaceous height was also measured and recorded for each quadrat.  

Cover class midpoints were established to accurately determine the percent cover of 

each species per transect. Midpoint values are as follows: class 1=0.5%, 2=3%, 3=7.5%, 

4=17.5%, 5=37.5%, 6=62.5%, 7=87.5%. Individual cover class values for each species were 

totaled for each transect. These values for each category were subsequently multiplied by 

their respective mid-point value. The resulting numbers were averaged to give the percent 

cover per species and growth form per transect.  

Plant specimens were identified, collected, pressed, and stored at the University of 

Idaho. Nomenclature follows the USDA Plants Database accessed in January 2007 (USDA 

NRCS 2008). Plant specimens that were unidentifiable in the field were collected and 

analyzed at the University of Idaho Stillinger Herbarium. While over 1/3 of the forb species 

encountered could not be identified to species due to phenological stage or missing flower 

parts, these species were not often encountered and therefore contributed minimally to total 

forb cover values.  

The line intercept method (Canfield 1941) was also used to estimate canopy cover of 

sagebrush. The length of all sagebrush touching or falling directly below the 60-m tape was 

measured. Gaps less than 10 cm were included. If a gap exceeded 10 cm, measurement 

resumed at the location of the next shrub. Dead shrubs were not measured.  

Belt density measurements were taken to estimate sagebrush density. All sagebrush 

within a 1-m belt to the left of the 60-m transect were counted. Only those sagebrush plants 

rooted within the belt were counted. Sagebrush height and age classification were also 
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recorded for each plant. Four sagebrush age classes, (young, mature, decadent, and dead), 

were recorded. Young sagebrush was defined as those having basal stems less than 0.6 cm in 

diameter with simple branching on elongate growth. Mature sagebrush was defined as those 

plants having complex branching, with more than half of the crown comprised of living 

wood. The crowns of decadent sagebrush, on the other hand, were more than half dead. Dead 

plants were classified as those plants showing no sign of living tissue.  

To estimate biomass production, five production clippings were taken pre- and post-

treatment at 12-m spacing along the transect lines. Pre-and post-treatment clippings were 

taken in July in order to sample during peak productivity. All vegetation within the quadrat 

was clipped. The frame was placed 1 m to the right of the transect line. In order to not 

resample the same area in consecutive years, 1-m was added in each subsequent sampling 

year. Sagebrush, grass and forb species groups were collected and bagged separately in paper 

sacks. Specimens were dried in a fuels oven at 78º C for 24 hours and weighed with an 

Ohaus 200 digital scale. 

  

Statistical analyses 

A repeated measure analysis of variance (ANOVA) for a completely randomized factorial 

design was used to analyze data; SAS statistical software (SAS Institute 2004) was used. Due 

to the presences of zeros, species that were not consistently present in plots were aggregated 

by growth form. Species with the greatest summed presence over the six seasons of data were 

analyzed separately. Because grazing as a factor was not present in all years of the study, two 

different ANOVA’s were conducted; one for the years in which grazing was a factor, and one 

for the years and plots where fencing was not present. For each variable-ANOVA 

combination four different covariance structures where tried and the best fit model was 

selected based upon the most favorable AIC value (Appendix B). Main effects and 

interaction were considered significant at an alpha level of 0.05. Appendix B provides a 

summary of the probability values for PROC MIXED and all repeated measures ANOVAs 

for all parameters. When significant interactions between main effects were detected the 

ANOVA was followed by a test for significance between treatments within years, as well as 

pairwise comparisons. Because grazing was rarely a significant factor, P-values reported are 

from the ANOVA in which grazing was not considered unless otherwise specified. PC-ORD 

software (PC-ORD 2011) was used to calculate Shannon-Weiner index values and species 
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richness. While data from all years can be found in the appendices, only 2006, 2007, and 

2011 will be reported in the results section. 

 

RESULTS AND DISCUSSION 

 

Sampling seasonality, as well as year- to- year differences, was thought to have had a 

considerable effect on recorded changes in species cover, biomass, and diversity. Pre-

treatment data were collected in July and August after many species, especially forbs had 

cured out. Post-treatment data were collected in late June and early July in order to coincide 

with peak biomass production. Differences in observers might also have contributed to 

inconsistencies in data collection. 

 

Sagebrush characteristics 

Sagebrush cover assessed with the line intercept method differed by treatment and year (P = 

<0.0001) (Table 1). Initially, treatments reduced average sagebrush cover from 14.6 to 8.7% 

and by the final year of the study, average cover had increased to 10.3% (Table 2). All 

treatments except the control and the light spike treatment resulted in a reduction of 

sagebrush cover.  The medium mow treatment produced the greatest decrease in sagebrush 

cover with a pre-treatment average of 17.0% and a post-treatment average of 4.0%. The high 

spike treatment showed the least initial impact on sagebrush cover with a pre-treatment 

average of 15.3% and a first year post-treatment average of 13.3%.  

As observed by Olson and Whitson (2002) and McDaniel et al. (2005), reduction of 

sagebrush cover by tebuthiuron treatments was more noticeable the second season following 

herbicide application. The low mow treatment also showed a further reduction in sagebrush 

cover the second year post treatment. By the final year of the study, all treatments including 

the control plot exhibited an increase in sagebrush cover relative to the first year post-

treatment. The medium mow treatment showed the greatest increase going from an average 

of 4.0% first year post-treatment to 9.1% final post-treatment year, while the prescribed fire 

treatment showed the least recovery (8.5 to 10.3%) by the final year of the study.   

Decadent sagebrush density declined on all treatments, and no decadent sagebrush 

shrubs were counted on seven of the plots after treatment (Table 3). Low densities of 

decadent sagebrush remained on the Dixie harrow and high mow treatments. By 2011 
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decadent sagebrush had returned on all plots except the low mow and Dixie harrow 

treatments. Density of decadent sagebrush on the control plot also initially decreased from 

145.8 to 129.2 sagebrush/ha in 2007 and continued to decrease to 120.8 sagebrush per 0.1 ha 

in 2011.  While treatment and year effects were significant (P= < 0.0001) (Table 1), grazing 

was not.  

Initially, declines in mature sagebrush densities were seen on the low mow and 

prescribed fire sites post-treatment; all other plots including the control exhibited increases. 

By 2011 mature sagebrush density had increased on all plots except the high spike and low 

spike treatments. Treatment and year effects were significant (P = 0.0129, P= <0.0001, 

respectively) (Table 1).  

Young sagebrush densities differed by treatment (P = 0.0307) and year (P = 0.0012) 

(Table 1), and decreased on all plots except those treated with Dixie harrow, chaining, 

control, and high mow (Table 3). By 2011, young sagebrush density had increased on all 

plots except the high mow treatment, which did not change, and the low spike and aerator 

treatments in which young age class decreased. The chaining treatment showed the greatest 

increase in young sagebrush, increasing from 75 to 2004 per 0.1 ha. 

Dead (Table 1), and increased on all plots except Dixie harrow, medium mow, low 

mow, and the control. The low spike treatment resulted in the greatest initial increase in dead 

sagebrush. By 2011, dead sagebrush densities had increased on all plots except the medium 

mow plot. The greatest increase occurred on the high spike treatment, taking densities from 

488 plants to 1246 plants per 0.1 ha (Table 3). 

Based on total sagebrush counts, age class distribution has shifted little from pre to 

first year post- treatment, however a greater shift can be seen by the final post-treatment year. 

Mature sagebrush still made up the majority of the community (66%) (Figure 4), however 

there was an overall increase in young (15.3%) and dead sagebrush plants (14.2%). Decadent 

sagebrush decreased about 1% through the duration of the study. 

Rabbitbrush was the only other shrub analyzed separately; all other shrubs were 

present in insufficient quantities for analyses. Rabbitbrush increased on all plots following 

treatment, and year (P = <0.0001) and treatment (P = 0.0003) (Table 1) effects were 

significant. Chaining had the greatest change in cover with the mean increasing from 2.7 to 

6% (Table 2). By 2011 all plots had returned to cover levels similar to those of pre-treatment 

except the medium mow which increased from 2.8 to 4.1%. 
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Herbaceous species characteristics 

Grasses. A total of eight grass species were recorded, however many were present in 

low amounts, so only the three most predominate grasses were analyzed separately. 

Appendix C and D provide mean pre- and post- treatment cover values for all herbaceous 

species for all years of the study. 

Mean total grass cover differed by treatment (P = 0.0063) and year (P= <0.0001) 

(Table 1). Average total grass cover increased on all plots except for those treated with high 

mow and aerator (Table 3). The Dixie harrow treatment resulted in the greatest increase of 

grass cover (9.5 to 19.4%) while the aerator treatment resulted in the greatest decrease in 

grass cover (20.7 to 15.7%). The control treatment also exhibited an increase in total grass 

cover (13.9 to 20.4%), This trend was present for all grass species examined separately. By 

2011, all treatments including the control decreased in mean grass production. 

Changes in plot cover values for Letterman’s needlegrass were similar to those of 

total grass cover, showing increases on all plots except those treated with high mow and 

aerator. The Dixie harrow treatment again showed the greatest increase in grass cover (0.2 to 

4.6%) post-treatment, while the aerator treatment showed the greatest decrease (5.9 to 3.8%) 

(Table 4). It should also be noted that the high spike treatment yielded no change, and the 

control plot also exhibited an increase in cover (2.7 to 3.7%)  Year and treatment effects were 

again significant (P = 0.0002 and (P=0.0001) (Table 1).    

First year post-treatment, thickspike wheatgrass cover values increased on all plots 

except for the chaining and high mow plots. However, by the final year post-treatment all 

plots including the control showed decreased cover values. Chaining decreased thickspike 

wheatgrass cover (4.6 to 3.6%), and the high mow treatment remained the same (3.5%) 

(Table 4). Year effect was significant (P = <0.0001) (Table 1). 

From pre-treatment to the first season post-treatment, increases in Sandberg bluegrass 

cover occurred on six of the ten plots including the control. Decreases in cover were 

observed on the low mow, high mow, low spike, and aerator treatments (Table 4). Year and 

treatment effects were significant for this species (P = <0.0005 and P = 0.0005) (Table 1). By 

the final year post-treatment all plots showed a decrease in the cover of Sandberg bluegrass 

with the greatest decrease documented in the prescribed fire plot (9.3 to 1.5%). 
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First year post-treatment, while total grass cover on all plots save those treated with 

high mow and the aerator increased, grass biomass declined on all treatments except the 

control and low spike (Table 5). The greatest decline in grass biomass was observed on the 

Dixie harrow site (272.3 to 86.6 kg/ha). By the conclusion of the study, grass biomass 

declined on all plots except the control, which increased from 41.65% in 2007 to 44.68% in 

2011. Year, grazing, and treatment effects were significant (P =<0.0001) (Appendix B). 

Forbs. Thirty two species of forbs were recorded over the 6 years of field study, 

however many were erratically present in plots. Due to these inconsistencies, only three 

species were analyzed separately; all others were included as part of total forb cover value. 

Total forb cover increased across all plots in the year immediately following treatment, and 

then decreased to similar or lower levels than pre-treatment by 2011 (Table 6). The greatest 

increase of total forbs occurred on the prescribed fire treatment (6.5 to 16.5%). A significant 

effect was found for treatment (P = 0.0026) and year (P = <0.0001) (Table 1). These results 

were similar for the analyses of individual species as well, and the two forbs seeded on the 

medium mow site were not detected post-treatment. 

 Desert yellow fleabane values changed slightly depending on treatment (Table 6). 

The greatest increase (1.5 to 2.4%) was recorded on the medium mow site while the greatest 

decrease (6.4 to 4.8%) occurred on the high mow plot. By 2011, this species had decreased 

on all plots.  

Granite prickly phlox cover values also differed between plots; the greatest decrease 

in cover (4.6 to 2.4%) was observed on the aerator plot. The greatest increase in cover was 

seen on the control plot (1.1 to 2.2%). In the final year of the study, granite prickly phlox had 

decreased on all plots except for the aerator treatment which actually increased (2.4 to 3.0%). 

Spiny phlox also increased on for all treatments (Table 6) post-treatment. Greatest increases 

occurred on the aerator and low mow treatment plots. By the final year of the study, cover 

values had decreased to levels below those of pre-treatment. 

In the year following treatment, forb biomass declines were observed on the chaining, 

low mow, and aerator treatment sites. All other plots demonstrated an increase in forb 

biomass with the greatest increase on the high mow plot (13.8 to 61.0 kg/ha) (Table 5). In the 

final year of the study, an increase of forb biomass was recorded for chaining, and high spike 

treatments; all other plots exhibited a decrease. No grazing effect was detected, however, a 

year effect (P= <0.0001) was present (Table 1).  
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Bare ground and litter. Bare ground decreased for all plots post-treatment, including 

the control (Table 8). The greatest decrease in percent of bare ground occurred on the Dixie 

harrow treatment (54.4 to 21.1%). By the final year of the study, bare ground had increased 

on all plots except prescribed fire, which decreased from 23.6% in 2007 to 21.75% in 2011.   

Significant effects for treatment (P = 0.0489) and year (P = < 0.0001) were found (Table 1). 

Litter decreased on the control, prescribed fire, high mow, aerator,  and light spike treatments 

with the control plot showing the greatest decrease (43.69  to 23.51%). All other plots 

increased in litter post-treatment. In the final year of the study, litter declined on all study 

plots except the Dixie harrow, aerator, and prescribed fire which increased in litter amounts. 

The greatest decrease occurred on the low spike treatment (25.6 to 7.5%), while the greatest 

increase occurred on the aerator treatment (25.4 to 27.9%) Treatment and year were 

significant (P =<0.0001) (Table 1). 

  Species richness and diversity. Species richness and the Shannon-Wiener diversity 

index increased across all plots post- treatment (Table 7).  On average richness increased 

from 15 to 19 species, and the greatest number of species (33) was found on the Dixie harrow 

plot. While individual plot richness fluctuated for all plots, overall mean richness increased 

to 19 by 2011. Treatment and year effects were significant (P = 0.0002 and P<0.0001 

respectively) (Table 1). The Shannon-Wiener index averaged across all plots increased from 

1.78 to 2.23 during the first year post treatment. Again, the Dixie harrow treatment showed 

the greatest improvement increasing from 1.75 to 2.73. By the final year of the study the 

chaining, control, low and medium mow, and high spike all displayed increases in diversity 

while the remaining plots exhibited a decrease. For diversity, only the year effect was 

significant (P =<0.0001) (Table 1). 

 

CONCLUSIONS 

 

All treatments had some effect on the sagebrush community we studied, however, 

recommendation of treatment type should be based upon desired vegetation characteristics 

and treatment objectives. The Dixie harrow, medium mow, and prescribed fire treatments 

resulted in initial reduction of sagebrush cover and density, while at the same time retaining 

an age-class distribution similar to that of pre-treatment. Only the low mow treatment 

exhibited an increase of rabbitbrush post-treatment. 
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 The Dixie harrow treatment exhibited the greatest increases in total grass cover but 

also the greatest decrease in grass biomass. Forb cover post-treatment was greatest on the 

prescribed fire plot, while the medium mow treatment showed the greatest increase in forb 

biomass. Trends for both grasses and forbs were similar to those measured for the control 

plot. While many of the treatments showed an initial increase in grasses and forbs most had 

decreased to pre-treatment levels by the end of the study. Species richness and diversity 

increased the most on the Dixie harrow plot, however, increases in diversity were also 

exhibited on the chaining, medium mow, and control treatments. 

 

MANAGEMENT IMPLICATIONS 

 

This study was designed to investigate long-term changes from treatments in this vegetative 

community. Certain treatment effects may take longer to appear than others, and while we 

are able to see initial changes, long-term data should be collected to better discern among 

treatment characteristics. A minimum of 10 years post-treatment monitoring is recommended 

(USDI 2006). However, for projects such as this one where vegetation recovery may take 

many years, more information might be obtained by collecting data at 5, 10, 15, and 20 years 

post-treatment.  

Grazing was examined the first three of the five post-treatment seasons and was a 

significant effect only for grass biomass. It is possible that impacts of grazing take more time 

to manifest and a longer duration study would be necessary to detect significant effects for 

other grass parameters.  

While there was statistically significant difference among treatments, the control plot 

often followed similar trends to those of other treatments for all study years. Additionally, 

treatments did not significantly affect species diversity. It is possible that more emphasis 

should be placed on seasonal temperature and precipitation variation, timing of data 

collection, and site conditions to explain differences in forb and grass characteristics and 

production. 

Treatments such as Dixie harrow, medium mow, and prescribed fire may help to 

achieve restoration goals. These are the plots that retained some sagebrush cover while also 

simultaneously showing an increase in herbaceous understory. Before any restoration 

treatment is conducted, the sagebrush community should first be assessed for current 
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composition, as well as to identify treatment goals and objectives. If treatment is determined 

to be an appropriate management action, those treatments that minimize community 

disturbance and retain function are advocated. Retention of a predetermined sagebrush 

overstory and herbaceous understory may help to minimize invasion by non-native species 

and provide critical habitat for sagebrush-steppe obligates. 
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Figure 1. Map of study plots and transects on the Pinedale Mesa, Sublette County, 

Wyoming. 
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Figure 2. Mean temperature by month between 2006 and 2011 compared to the 60-year 

average for a Wyoming big sagebrush community study near Pinedale, Wyoming. Missing 

bars denote a lack of available data. Information obtained from Western Regional Climate 

Center. 
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Figure 3. Mean precipitation by month compared to the 60-year average for a Wyoming big 

sagebrush community study near Pinedale, Wyoming. Missing bars denote a lack of available 

data. Information obtained from Western Regional Climate Center. 
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Table 1. P-values, best fit co-variance model, and results of check of residuals for 

treatment*grazing repeat measure ANOVA. Co-variance models are as follows; UN denotes 

unstructured, ARH1 denotes heterogeneous autoregressive, AR 1 denotes autoregressive, and 

CS denotes compound symmetry. Y denotes that the residuals met model assumptions, N 

denotes they did not.   

 
 

 

 

Metric

Ground Cover Treatment Year Treatment*year Covarience Residual check

Poa secunda 0.0005  <.0001  <.0001 UN Y

Elymus lancelatus 0.2073  <.0001   <.0001 ARH1 Y

Achantherum lettermanii0.0002 0.0001 0.0016 UN Y

Perienial grasses 0.0091  <.0001  <.0001 ARH1 Y

Phlox hoodii 0.0949  <.0001 <.0001 UN Y

Lianthus pungens 0.1842  <.0001 0.0004 UN Y

Erigeron linearis  <.0001  <.0001  <.0001 UN N

Perienial forb 0.0435  <.0001  <.0001 UN Y

Artemisia tridentata 0.0005  <.0001 0.0199 ARH1 Y

Chrysothamnus viscidiflorus0.0003 <.0001 0.0005 UN Y

Other brush 0.0018 <.0001 0.0214 ARH1 Y

Grass  <.0001  <.0001  <.0001 UN Y

Forb 0.0026  <.0001 0.1552 CS Y

All shrub 0.0003  <.0001 0.0018 ARH1 Y

Litter <.0001 <.0001 <.0001 ARH1 Y

Bare ground 0.0489 <.0001 0.0004 CS Y

Biomass

Grass 0.0005  <.0001  <.0001 ARH1 Y

Forb 0.1129  <.0001 0.001 ARH1 Y

Belt density

Young 0.0307 0.0012     <.0001 ARH1 Y

Mature 0.0129  <.0001  <.0001 UN Y

Decadent  <.0001  <.0001  <.0001 ARH1 Y

Dead 0.0008  <.0001  <.0001 UN Y

Cover

Line Intercept  <.0001  <.0001  <.0001 UN Y

Cover class 0.0017  <.0001 0.0388 ARH1 Y

Richness and Diversity

Richness 0.0002 <.0001 0.1204 ARH1 Y

Diversity 0.1101 <.0001 0.002 UN Y

Year and Treatment Repeat measures ANOVA
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CHAPTER 2 

 

COMPARISON OF TWO METHODS FOR ESTIMATING SHRUB CANOPY COVER 

 

INTRODUCTION 

 

Since the early 1800s sagebrush (Artemisia L. spp) dominated ecosystems throughout 

western North America have become increasingly fragmented and altered due to a multitude 

of land use practices including conversion to agricultural crop lands, urban growth, climate 

change, altered fire regimes, and rapid expansion of invasive species (Dobkin and Sauder 

2005; Chambers and Wisdom 2009). These alterations have changed the sagebrush 

ecosystem structure and ecological function, and reduced the diversity of native plants and 

animals (Wisdom 2005) with particular emphasis being placed on sagebrush obligate species 

such as sage grouse (Centrocercus spp.) (Connelly et al. 2000).  

Tracking changes in sagebrush ecosystems is a monumental task.  These systems are 

heterogeneous and offer limitless possibilities for inventory and monitoring (West 2003). 

Monitoring of these systems is often constrained by a lack of natural resource specialists and 

funding needed to cover the large areas to be sampled (Breckenridge et al. 2006; West 2003). 

The process is further confounded by a lack of unified monitoring standards or methods 

nationwide (West and Smith 1997). Despite widespread interest in monitoring and change 

detection, few studies comparing methodologies have been undertaken. 

There are many indicators used for monitoring and assessing rangeland health in 

sagebrush ecosystems; however, vegetation canopy cover and bare ground are two of the 

most frequently measured (Booth and Tueller 2003). Canopy cover data provide information 

relative to ecological structure, nutrient cycling, and soil stability (Pyke et al. 2002). Multiple 

techniques exist for the estimation of canopy cover, and they are described in the interagency 

technical reference guide (Coulloudon et al.1999). The decision on which method to use is 
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generally a function of time available, cost, and collection objectives (Elzinga 1997; 

Coulloudon et al. 1999). Tradition and continuity from older methodologies also might be 

incorporated in the decision-making process. 

Two field-based methods commonly used by federal land management agencies to 

obtain shrub canopy cover data are the line intercept and line-point intercept methods. Line 

interception (Canfield 1941) uses the length of a line intercepted by a species divided by the 

total length of line sampled to estimate the proportion of the area covered by a species. Line-

point interception methods record species that intercept vertically or inclined projections of a 

number of points established on the area being sampled (Goodall 1952; Greig-Smith 1983).  

True values of cover parameters are seldom known in natural ecosystems (Bonham 

2004). Therefore, precision or repeatability of different procedures is used to compare field 

studies instead of accuracy (Schultz et al. 1961). Many of the studies conducted to compare 

line intercept and line-point intercept precision also include other methodologies such as 

ocular or aerial estimates of cover (Booth 2003; Booth 2006; Godinez-Alvarez et al. 2009). 

While the canopy cover estimates from line intercept and line-point intercept methods 

are often used interchangeably, the two methods can produce different results. Floyd and 

Anderson (1983) compared line interception, line-point interception, and canopy coverage 

estimation. They found that line and line-point intercept methods were similar, but that the 

line intercept method produced significantly higher estimates of shrub cover while line-point 

intercept produced higher estimates of bare ground. Line-point interception also achieved a 

precision similar to that of line interception in less sampling time (Floyd and Anderson 1983; 

Heady et al. 1959).  
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Most studies have found that the two methodologies predict similarly for shrub and 

forb cover, however, little investigation has been done to verify if predictions might differ 

with shrub cover percentage or the number of points taken for a given a line transect. For 

instance Heady et al. (1959) noted much higher variation between the methods at lower cover 

levels, suggesting that the line intercept method produced better estimates in low cover.  

Also, Leujak (2007) noted that while conducting coral reef surveys, line-point intercept 

required large numbers of points to achieve similar precision to other methods tested 

including line intercept.   

STUDY OBJECTIVES 

This study was designed with the following objectives in mind: 

 

1. Determine the precision of canopy cover estimates collected with line-point and line 

intercept sampling methods.  

 

2. Examine the relationship between the number of points used in data collection and 

precision of estimates of cover collected. 
 

3. Determine if precision of methods differs with changes in shrub canopy cover. 

 

  MATERIALS AND METHODS 

Using the standard deviation of shrub canopy cover estimation from a pilot study conducted 

in Wyoming big (Artemisia tridentata Nutt. ssp. wyomingensis) and mountain big (Artemisia 

tridentata Nutt. ssp. vaseyana ) sagebrush communities in 2009, an a priori paired t-test 

power analysis was conducted to determine the number of replication sites needed to 

adequately access variation in cover estimates. Cover values for this project were obtained in 

two ways; one using standard field collection methods and the other by creating a virtual 

sagebrush population using ArcMap (ERSI 2011). The creation of virtual populations allows 
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us to know the true value of cover thereby allowing us to test method accuracy, as well as 

precision. 

Field Population Methods 

Transects were located based on estimated sagebrush cover percentages to ensure all cover 

ranges were represented for testing. Ranges sampled were 0-10%, 10-20%, and >20% cover.  

At each transect a GPS point was taken. Sampling procedures for each method followed 

those set forth in the Interagency Technical Reference Guide (Coulloudon et al. 1999). At 

each sample location, both methods were completed on two 60-m transects. The GPS 

location served as a center stake for the two transects, from which, one line ran North, and 

the other ran South, unless the point was located on a slope greater than 5%. In that 

circumstance, transects ran parallel across slope.    

For point intercept, all readings were taken from the right side of the tape. The first 

point was randomly determined. Each subsequent point was read 0.25 m from the previous 

point. For line intercept, the length of all sagebrush canopy touching or falling directly below 

the 60-m tape was measured. Gaps of less than 10 cm were included. If a gap exceeded 10 

cm, measurement resumed at the next shrub canopy location. Dead shrubs were not 

measured. 

Simulated Population Methods 

Simulated shrublands were 75 x 75 m, which provided adequate area for 60-m transects to be 

generated. Sagebrush size distribution was based on a sample taken from a Wyoming big 

sagebrush community in Pinedale, Wyoming. Using this sample, 3 size categories of plants 

were delineated; small, medium, and large. The median plant size from each group was then 

used to represent each class size in the models and are as follows; small: 10 cm, medium: 30 

cm, and large: 60 cm. Belt density transects from the Pinedale sample were used to assign a 
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percentage of the overall cover to each size class (small were 6%, med 82%, and large were 

12%). Hawth’s tools (Beyer 2004) random point generator was then used to create the correct 

number of sagebrush for each size category. Once the points were created, a buffer was 

applied to each point by size class, in effect creating a sagebrush canopy around the point. 

When the separate size class buffers were completed, they were compiled into one layer 

(Figure 4). Total cover could then be attained by using the statistics function from the 

attribute table in Arc Map (ERSI 2011).  

Once the sagebrush population was created, ten transects were established in a new 

shape file. Each transect was randomly located and was approximately 60-m in length. Points 

were established on each line every 0.25, 0.50, and 1 m using the Hawth’s tool function, 

animal movements (convert paths to points).   

By using the sagebrush cover layer and the transect layer or point layer, in 

conjunction with the intersect tool from Arc toolbox, cover percentages could be calculated 

using both line and line-point intercept methods. In order to address the possibility that line 

intercept method might predict cover differently at different cover levels, 3 populations were 

created having 10, 20, and 30% total sagebrush cover. Each population was sampled with 10 

transects. Additionally, each of the ten transects were sampled with line-point intercept using 

three numbers of points: 60, 120, and 240. 

Statistical Analyses 

A paired t-test was used to evaluate significant differences between the two methodologies 

for each cover level using SAS statistical software (SAS Institute 2011). Values were 

significant at  α = 0.05. Also for both field and simulated trials, line intercept was compared 

to line-point intercept using a Pearson correlation for 3 different numbers of points; 60 (line-

point60), 120 (line-point 120), and 240 (line-point 240). 
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RESULTS AND DISSCUSION 

Field Trials 

Shrub cover for field sites varied from 0-47.5%. Cover estimates produced by line-point 

intercept method tended to be greater than those of line intercept (69% of the time).  

However the absolute average difference between the methods across the gradient of 

sagebrush coverage was only 1.03%. Significant differences between line intercept and line-

point intercept240 were found for the 0-10% and 10-20% cover ranges (P= 0.0112 and P = 

0.0028) (Table1). 

  In addition, line intercept and line-point intercept were compared using three 

different numbers of points along the 60-m transect. All three estimates of line-point 

intercept predicted greater cover as compared to line intercept method. Estimates for the 10-

20% cover range were most commonly greater. Average differences decreased with 

increasing numbers of points used in the estimates; 60 points 1.91, 120 points 1.59, and 240 

points 1.03%. Distribution of the data by method indicated that while the median of all line-

point methods was similar, variation around that median was greater for 60 and 120 point 

samples than for the 240 point samples (Figure 5). The line intercept estimate was most 

similar in distribution to the line-point240 method. When line intercept cover was plotted 

against the line-point intercept estimates, the 120-point and 240-point values were more 

closely grouped with higher correlation coefficients (r = 0 .93 and 0.98, respectively), while 

the 60-point estimate exhibited a much greater spread and lower correlation coefficient (r = 

0.90) (Figure 6).  

 

 



42 

 

Simulation Trials 

For the simulated trials, shrub cover estimates varied from 3.8-48.3%. As with the field trials, 

cover estimates produced in the simulated trials by line-point intercept tended to be greater 

than those predicted by line intercept method (80% of the time). The absolute average 

difference between the two methods was 0.62%.  A significant difference between the two 

methodologies was found at the 20% cover level (P=0.0184) (Table 1).   

 As with the field trials, line intercept and line-point intercept at three numbers of 

point levels (60, 120, and 240) were compared. All three estimates of line-point intercept 

method were greater than the line intercept estimate (63, 70, and 80% of the time, 

respectively). The line-point cover estimate for the 10% sagebrush cover level was greater 

most frequently. Average differences between the estimates decreased with increasing 

number of sample points taken with the line-point method (2.45, 1.34, and 0.64). While 

overall distribution of the data was similar for all four methods, the median and variation 

around the median was much greater for the 60 point estimate (Figure 7). When line intercept 

estimates were compared to the 3 line-point methods using correlation (Figure 8), the line-

point240  estimate exhibited the closest grouping to the line as well at the highest correlation 

coefficient (r = 0.99).
 
 

 Additionally, the four estimates were then compared to the actual cover value for 

their respective community. Relative differences for the four methods indicated that line 

intercept was closest to the actual value for the 10% cover level, and that line intercept 240  

predicted values closer to the actual value for the 20 and 30% levels (Figure 6). Relative 

differences resulting from the line-point60 estimate were greater than those of the line 

intercept and the line-point120 and line-point240 estimates, especially for the 20 and 30% cover 

levels. 
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CONCLUSIONS 

For field trials, line-point estimates of shrub cover tended to be greater than line intercept 

estimates, particularly when sagebrush cover was relatively sparse (≤ 20%). Also, increasing 

the number of points used in the line-point estimates tended to reduce the difference between 

the two collection methods. 

 For simulated trials the accuracy of the line intercept method was better than line-

point method when shrub cover was low (≤ 20%). However when cover was ≥ 20%, use of 

240 points when conducting the line-point intercept method resulted in better estimates than 

the line intercept method.  Additionally, the accuracy of the line-point method increased 

greatly as the number of points increased from 60-240.  

MANAGEMENT IMPLICATIONS 

Our findings of higher cover estimates produced by the line-point intercept method relative 

to the line-point intercept method are similar to those of Whitman and Siggerirsson (1954) in 

perennial grass communities, however, they conflict with those of Floyd and Anderson 

(1982), in which line intercept gave higher cover estimates in sagebrush systems. While 

significant differences between the methods were detected, the average differences for both 

field and simulated trials were only about 1-2%. Acceptable rates of error should be 

determined by the context in which the data are collected and used, however, differences 

between line-intercept and line-point intercept methods may be relatively small in 

comparison to other sources of error in monitoring rangeland systems.    

When monitoring, canopy cover present on a site should be considered a critical 

factor in deciding what method to use. In areas of low sagebrush cover, the line intercept 

method is recommended. If using line-point intercept, special consideration should be taken 
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ensure that an adequate number of points are taken per line to accurately represent existing 

cover, or that greater numbers of lines are completed. Leujak (2007) and Whitman and 

Siggerirsson (1954) stress the importance of sample size in attaining similar precision 

between the methodologies. 

 We did not examine repeatability of each method on the same transect by the same 

individual, however, this might warrant further exploration. The line intercept method 

requires interpretation by the observer when omitting gaps in canopy cover and deciding 

whether partially dead canopy cover should be included or not. In using the line-point 

method, a point is either touching canopy or not and therefore, this method likely requires 

less training to attain the same repeatability. The 1-2% absolute cover difference between 

line and line-point intercept might be a good tradeoff if observer bias is a concern. 

Additionally, these results should be tested in other community types.  
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Figure 4.Simulated Wyoming Big sagebrush community with 20% shrub canopy cover. 
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Figure 5. Distribution of estimates of percent cover of shrubs by method for field trials in a 

sagebrush community. The box represents the 25
th

, median, and 75
th

 percentiles for data. 

Error bars are the 10
th

 and 90
th  

percentiles, and circles denote outliers in the data. 
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Figure 7. Distribution of estimates of percent cover of shrubs by method for simulated trials 

of a sagebrush community. The box represents the 25
th

, median, and 75
th

 percentiles for data. 

Error bars are the 10
th

 and 90
th  

percentiles, and circles denote outliers in the data. 
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Figure 9. Simulation trial relative difference (mean and standard error) of line intercept (L), 

line-point intercept 60 points (P060), line-point intercept 120 points (P120), and line-point 

intercept 240 points (P240) by cover level. * indicates that the methods were significantly 

different for cover level. 
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Table 9.Summary statistics of mean difference between line intercept and line-point intercept 

for field and simulated trials. Statistics are delineated by cover range and level. P-values are 

from a paired t-test.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Metric 0-10 10-20 >20 10 20 30

Mean -0.47 -1.30 -1.23 -0.63 -0.60 -0.68

St. Dev 0.81 2.38 3.59 1.01 0.66 1.19

Std err 0.17 0.40 0.80 0.32 0.21 0.38

N 23.00 35.00 20.00 10.00 10.00 10.00

P-value 0.011 0.003 0.142 0.079 0.017 0.108

Simulated trial

Cover ranges Cover levels

Field trial
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Appendix A. Coordinates (UTM) of research transect locations for Wyoming big sagebrush 

community treatment plots located near Pinedale, Wyoming. All UTM coordinates are 

reported in Zone 12 N of NAD83. F denotes a fenced transect; U denotes an unfence transect. 

 
 

 

Site Fencing Transect Northing Easting Bearing (°)

Plot 1 F Start 1-1 4735302 591175 215

End 1-1 4735257 591144

F Start 1-2 4735210 591252 195

End 1-2 4735152 591236

U Start 1-3 4735280 591345 58

End 1-3 4735317 591404

U Start 1-4 4735106 591347 252

End 1-4 4735087 591288

Plot 2 U Start 2-1 4735991 591671 295

End 2-1 4736015 591620

F Start 2-2 4735955 591944 304

End 2-2 4735991 591891

F Start 2-3 4736112 591771 1

 End 2-3 4736176 591772

U Start 2-4 4736078 591605 74

End 2-4 4736094 591660

Plot 3 U Start 3-1 4735034 593079 184

End 3-1 4734973 593075

F Start 3-2 4734954 592881 155

End 3-2 4734900 592906

F Start 3-3 4734736 592995 348

End 3-3 4734795 592982

U Start 3-4 4734876 593216 314

End 3-4 4734916 593174

Plot 4 F Start 4-1 4734022 592719 16

End 4-1 4734085 592737

U Start 4-2 4734084 592844 96

End 4-2 4734078 592904

U Start 4-3 4733748 592969 295

End 4-3 4733779 592904

F Start 4-4 4733816 592729 360

End 4-4 4733879 592729

Plot 5 F Start 5-1 4733565 593647 5

End 5-1 4733623 593652

F Start 5-2 4733903 593525 184

End 5-2 4733843 593521

U Start 5-3 4733839 593413 148

End 5-3 4733789 593444

U Start 5-4 4733725 593384 141

End 5-4 4733680 593421
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Appendix A Continued. 

 
 

 

Site Fencing Transect Northing Easting Bearing (°)

Plot 6 F Start 6-1 4734784 591944 268

End 6-1 4734782 591887

U Start 6-2 4734903 591735 223

End 6-2 4734857 591692

U Start 6-3 4734614 591796 332

End 6-3 4734666 591768

F Start 6-4 4734707 591930 301

End 6-4 4734739 591877

Plot 7 U Start 7-1 4733065 592094 259

End 7-1 4733054 592037

U Start 7-2 4732808 592044 337

End 7-2 4732866 592019

F Start 7-3 4732931 592220 108

End 7-3 4732912 592280

F Start 7-4 4732935 592345 83

End 7-4 4732942 592406

Plot 8 F Start 8-1 4732268 591898 359

End 8-1 4732327 591897

U Start 8-2 4732554 592158 289

End 8-2 4732576 592095

U Start 8-3 4732800 591948 189

End 8-3 4732746 591939

F Start 8-4 4732765 591858 176

End 8-4 4732704 591862

Plot 9 U Start 9-1 4732002 591977 351

End 9-1 4732062 591968

F Start 9-2 4732159 591842 187

End 9-2 4732109 591836

F Start 9-3 4731924 591854 189

End 9-3 4731863 591844

U Start 9-4 4731773 592002 346

End 9-4 4731829 591988

Plot 10 U Start 10-1 4731191 591823 23

End 10-1 4731246 591846

F Start 10-2 4731222 591878 47

End 10-2 4731270 591929

F Start 10-3 4731615 592067 203

End 10-3 4731563 592045

U Start 10-4 4731622 591848 180

End 10-4 4731560 591848
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Appendix B. P-values, best fit co-variance model, and results of check of residuals for both 

repeat measure ANOVAs. Co-variance models are as follows; UN denotes unstructured, 

ARH1 denotes heterogeneous autoregressive, AR 1 denotes autoregressive, and CS denotes 

compound symmetry. Y denotes that the residuals met model assumptions, N denotes they 

did not.   

 
 

 

 

 

 

 

Metric

Ground Cover Treatment Year Treatment*year Covarience Residual check

Poa secunda 0.0005  <.0001  <.0001 UN Y

Elymus lancelatus 0.2073  <.0001   <.0001 ARH1 Y

Achantherum lettermanii 0.0002 0.0001 0.0016 UN Y

Perienial grasses 0.0091  <.0001  <.0001 ARH1 Y

Phlox hoodii 0.0949  <.0001 <.0001 UN Y

Lianthus pungens 0.1842  <.0001 0.0004 UN Y

Erigeron linearis  <.0001  <.0001  <.0001 UN N

Perienial forb 0.0435  <.0001  <.0001 UN Y

Artemisia tridentata 0.0005  <.0001 0.0199 ARH1 Y

Chrysothamnus viscidiflorus 0.0003 <.0001 0.0005 UN Y

Other brush 0.0018 <.0001 0.0214 ARH1 Y

Grass  <.0001  <.0001  <.0001 UN Y

Forb 0.0026  <.0001 0.1552 CS Y

All shrub 0.0003  <.0001 0.0018 ARH1 Y

Litter <.0001 <.0001 <.0001 ARH1 Y

Bare ground 0.0489 <.0001 0.0004 CS Y

Biomass

Grass 0.0005  <.0001  <.0001 ARH1 Y

Forb 0.1129  <.0001 0.001 ARH1 Y

Belt density

Young 0.0307 0.0012     <.0001 ARH1 Y

Mature 0.0129  <.0001  <.0001 UN Y

Decadent  <.0001  <.0001  <.0001 ARH1 Y

Dead 0.0008  <.0001  <.0001 UN Y

Cover

Line Intercept  <.0001  <.0001  <.0001 UN Y

Cover class 0.0017  <.0001 0.0388 ARH1 Y

Richness and Diversity

Richness 0.0002 <.0001 0.1204 ARH1 Y

Diversity 0.1101 <.0001 0.002 UN Y

Year and Treatment Repeat measures ANOVA
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