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Key Characteristics
Site does not pond or flood
Landform other than dunes
Soil surface is clayey
MAP > 10"
Soils warmer than frigid.
Soils extremely reactive and may have visible concentrations of CaCO3.

Physiography

Climate

Soil features

Vegetation dynamics

Provisional. A provisional ecological site description has undergone quality control and quality assurance review. It
contains a working state and transition model and enough information to identify the ecological site.

This group occurs on plateaus at elevations from 4500' to 6000' with slopes from 0% to 20% with 6% slope being
representative.

The climate is classified as Cold Semi-Arid in the Koppen classification system.

The area receives between 10" and 12" of annual precipitation as snow in the winter and rain in spring and fall.
Summers are generally dry.

There are between 70 and 100 frost free days per year, and the mean annual air temperature is between 45° and
50° F.

The soils in this group are clayey and shallow. The soils in this site are typically moderately deep to deep clay
textured soils underlain by basalt bedrock. The thin surface layers are underlain by heavy clay subsoils having
strong to massive structure. The fine textured soils swell on wetting then shrink and crack upon drying. When dry,
the soils have wide cracks into which the granulated surface layers tend to slough. Upon wetting the cracks close.
This continual, active, soil movement damages the root system of many plants. Infiltration of water is restricted once
the surface soils are saturated and the site is subject to loss of water by runoff and evaporation. These soils
normally have a high percentage of gravels and cobbles on the surface which occupy plant growing space yet
provide a stabilizing effect on surface erosion conditions. Wind erosion potential is slight.

Taxonomically they are vertisols.

The most common soils are Horsecamp, Brubeck, and Gerlach

Ecological Dynamics and Disturbance Response:

An ecological site is the product of all the environmental factors responsible for its development and it has a set of
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key characteristics that influence a site’s resilience to disturbance and resistance to invasives. Key characteristics
include 1) climate (precipitation, temperature), 2) topography (aspect, slope, elevation, and landform), 3) hydrology
(infiltration, runoff), 4) soils (depth, texture, structure, organic matter), 5) plant communities (functional groups,
productivity), and 6) natural disturbance regime (fire, herbivory, etc.) (Caudle et al. 2013). Biotic factors that that
influence resilience include site productivity, species composition and structure, and population regulation and
regeneration (Chambers et al. 2013).

The ecological sites in this group are dominated by deep-rooted cool season, perennial grasses and long- lived
shrubs (50+ years) with high root to shoot ratios. The dominant shrubs usually root to the full depth of the winter-
spring soil moisture recharge, which ranges from 1.0 to over 3.0 m (Dobrowolski et al. 1990). Root length of mature
sagebrush plants was measured to a depth of 2 meters in alluvial soils in Utah (Richards and Caldwell 1987).
However, community types with low sagebrush as the dominant shrub were found to have soil depths and thus
available rooting depths of 71 to 81 cm in a study in northeast Nevada (Jensen 1990). These shrubs have a flexible
generalized root system with development of both deep taproots and laterals near the surface (Comstock and
Ehleringer 1992).

In the Great Basin, the majority of annual precipitation is received during the winter and early spring. This
continental semiarid climate regime favors growth and development of deep-rooted shrubs and herbaceous cool
season plants using the C3 photosynthetic pathway (Comstock and Ehleringer 1992). Winter precipitation and slow
melting of snow results in deeper percolation of moisture into the soil profile. Herbaceous plants, more shallow-
rooted than shrubs, grow earlier in the growing season and thrive on spring rains, while the deeper rooted shrubs
lag in phenological development because they draw from deeply infiltrating moisture from snowmelt the previous
winter. Periodic drought regularly influences sagebrush ecosystems and drought duration and severity has
increased throughout the 20th century in much of the Intermountain West. Major shifts away from historical
precipitation patterns have the greatest potential to alter ecosystem function and productivity. Species composition
and productivity can be altered by the timing of precipitation and water availability within the soil profile (Bates et al.
2006).

The Great Basin sagebrush communities have high spatial and temporal variability in precipitation both among
years and within growing seasons (MacMahon 1980). Nutrient availability is typically low but increases with
elevation and closely follows moisture availability. The invasibility of plant communities is often linked to resource
availability. Disturbance can decrease resource uptake due to damage or mortality of the native species and
depressed competition or can increase resource pools by the decomposition of dead plant material following
disturbance (Whisenant 1999, Miller et al. 2013). The invasion of sagebrush communities by cheatgrass (Bromus
tectorum) has been linked to disturbances (fire, abusive grazing) that have resulted in fluctuations in resources
(Beckstead and Augspurger 2004, Chambers et al. 2007, Johnson et al. 2011).

Wyoming big sagebrush is the most drought tolerant of the big sagebrush’s, and generally occurs in warmer and
drier sites on shallower, sometimes saline soils. Lahontan sagebrush, a subspecies of low sagebrush (A.
arbuscula), found primarily in northwestern Nevada and adjacent California and Oregon, prefers soils with low
available water-holding capacities and a shallow depth to an argillic horizon and/or bedrock (Winward and McArthur
1995). All of these subspecies of sagebrush are long-lived; therefore it is not necessary for new individuals to
recruit every year for perpetuation of the stand (Tisdale and Hironaka 1981). Infrequent large recruitment events
and simultaneous low, continuous recruitment is the foundation of population maintenance (Noy-Meir 1973).
Survival of the seedlings is, however, dependent on adequate moisture conditions.

Native insect outbreaks are also important drivers of ecosystem dynamics in sagebrush communities. Climate is
generally believed to influence the timing of insect outbreaks especially a sagebrush defoliator, Aroga moth (Aroga
websteri). Aroga moth infestations have occurred in the Great Basin in the 1960s, early 1970s, and have been
ongoing in Nevada since 2004 (Bentz et al. 2008). Thousands of acres of big sagebrush have been impacted, with
partial to complete die-off observed. Aroga moth can partially or entirely kill individual plants or entire stands of big
sagebrush (Furniss and Barr 1975).

Rhizomatous grasses, primarily western wheatgrass, thickspike wheatgrass, and creeping wildrye dominate this
group. The dominant bunchgrass is bottlebrush squirreltail. The heavy clay soils with shrink swell characteristics are
largely responsible for the type of grasses growing on these sites. Rhizomatous grasses are well adapted to
disturbed soils and the shrink swell properties within the rooting zone promote establishment through rhizome
breakage and expansion of plants.
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Bottlebrush squirreltail is a short-lived (5-7 years) bunchgrass. The plant produces large quantities of viable seed
that is windblown. This life history strategy has proven successful at maintaining stands of bottlebrush squirreltail
and in reseeding depleted range (Tisdale and Hironaka 1981). It is adapted to a wide range of ecological and
topographical conditions. This species can be found from 2,000 to 11,500 feet in elevation, in areas receiving as
little as 5 inches of rain annually, and in various soil types (Monsen et al. 2004). Populations from different locations
in the western U.S. exhibit wide ranges in germination and maturation times. Experimental field plantings have
documented leaf growth starting in mid- to late March and seed ripening occurring between late June and the first
week of July (Hironaka and Tisdale 1973). Seed is produced in abundant quantities, and germination occurs rapidly
at high rates under a wide temperature range (Young and Evans 1977). Germination typically occurs in the fall
when moisture conditions are favorable, and seedlings overwinter starting growth again in March (Davison 2004).
This life history strategy, plus the ability of the root system to continue growth at low temperatures during winter
enables bottlebrush squirreltail to compete with cheatgrass and medusahead (Tisdale and Hironaka 1981). Early
growth, high seed production and high germination rates along with wind dispersed seed heads make it a
successful species for increasing on heavily grazed, depleted rangelands. There is evidence that squirreltail plants
growing in the presence of cheatgrass have adapted traits to more successfully compete with this annual grass
(Ferguson et al. 2015). Seeds collected from these wild-grown plants are less negatively affected by cheatgrass
competition because they are able to grow larger root systems (Ferguson et al. 2015, Atwater et al. 2015). In a
restoration experiment, plants that were small in stature and earlier flowering period had greater success in
establishment (Kulpa and Leger 2013). Bottlebrush squirreltail shows increasing promise as a restoration plant.

The ecological sites in this group have low to moderate resilience to disturbance and resistance to invasion.
Resilience increases with elevation, aspect, increased precipitation and increased nutrient availability. Five possible
states have been identified for this group.

Annual Invasive Grasses:

The species most likely to invade these sites are cheatgrass and medusahead. Both species are cool- season
annual grasses that maintain an advantage over native plants in part because they are prolific seed producers, able
to germinate in the autumn or spring, tolerant of grazing and increasers with frequent fire (Klemmedson and Smith
1964, Miller et al. 1999). Medusahead and cheatgrass originated from Eurasia and both were first reported in North
America in the late 1800s (Mack and Pyke 1983; Furbush 1953). Pellant and Hall (1994) found 3.3 million acres of
public lands dominated by cheatgrass and suggested that another 76 million acres were susceptible to invasion by
winter annuals including cheatgrass and medusahead. By 2003, medusahead occupied approximately 2.3 million
acres in 17 western states (Rice 2005). In the Intermountain West, the exponential increase in dominance by
medusahead has largely been at the expense of cheatgrass (Harris 1967, Hironaka 1994). Medusahead matures 2-
3 weeks later than cheatgrass (Harris 1967) and recently, James et al. (2008) measured leaf biomass over the
growing season and found that medusahead maintained vegetative growth later in the growing season than
cheatgrass. Mangla et al. (2011) also found medusahead had a longer period of growth and more total biomass
than cheatgrass and hypothesized this difference in relative growth rate may be due to the ability of medusahead to
maintain water uptake as upper soils dry compared to co- occurring species, especially cheatgrass. Medusahead
litter has a slow decomposition rate, because of high silica content, allowing it to accumulate over time and
suppress competing vegetation (Bovey et al. 1961, Davies and Johnson 2008). Harris (1967) reported medusahead
roots have thicker cell walls compared to those of cheatgrass, allowing it to more effectively conduct water, even in
very dry conditions.

Recent modeling and empirical work by Bradford and Lauenroth (2006) suggests that seasonal patterns of
precipitation input and temperature are also key factors determining regional variation in the growth, seed
production, and spread of invasive annual grasses. Collectively, the body of research suggests that the continued
invasion and dominance of medusahead onto native grasslands and cheatgrass infested grasslands will continue to
increase in severity because conditions that favor native bunchgrasses or cheatgrass over medusahead are rare
(Mangla et al. 2011). Medusahead replaces native vegetation and cheatgrass directly by competition and
suppression and native vegetation indirectly by increasing fire frequency.

Methods to control medusahead and cheatgrass include herbicide, fire, grazing, and seeding of primarily non-native
wheatgrasses. Mapping potential or current invasion vectors is a management method designed to increase the
cost effectiveness of control methods. A study by Davies et al. (2013), found an increase in medusahead cover



near roads. Cover was higher near animal trails than random transects but the difference was less evident. This
implies that vehicles and animals aid the spread of the weed; however, vehicles are the major vector of movement.
Spraying with herbicide (Imazapic or Imazapic + glyphosate) and seeding with crested wheatgrass and Sandberg
bluegrass has been found to be more successful at combating medusahead and cheatgrass than spraying alone
(Sheley et al. 2012). Where native bunchgrasses are missing from the site, revegetation of medusahead or
cheatgrass invaded rangelands has been shown to have a higher likelihood of success when using introduced
perennial bunchgrasses such as crested wheatgrass (Davies et al. 2015). Butler et al. (2011) tested four herbicides
(Imazapic, Imazapic + glyphosate, rimsulfuron and sulfometuron + Chlorsulfuron) only treatments for suppression of
cheatgrass, medusahead and ventenata (North Africa grass, Ventenata dubia) within residual stands of native
bunchgrass. Additionally, they tested the same four herbicides followed by seeding of six bunchgrasses (native and
non-native) with varying success (Butler et al. 2011). Herbicide only treatments appeared to remove competition for
established bluebunch wheatgrass by providing 100% control of ventenata and medusahead and greater than 95%
control of cheatgrass (Butler et al.
2011), however caution in using these results is advised, as only one year of data was reported. Prescribed fire has
also been utilized in combination with the application of pre-emergent herbicide to control medusahead and
cheatgrass (Vollmer and Vollmer 2008). Mature medusahead or cheatgrass is very flammable and fire can be used
to remove the thatch layer, consume standing vegetation, and even reduce seed levels. Furbush (1953) reported
that timing a burn while the seeds were in the milk stage effectively reduced medusahead the following year. He
further reported that adjacent unburned areas became a seed source for reinvasion the following year.

In considering the combination of pre-emergent herbicide and prescribed fire for invasive annual grass control, it is
important to assess the tolerance of desirable brush species to the herbicide being applied. Vollmer and Vollmer
(2008) tested the tolerance of mountain mahogany (Cercocarpus montanus), antelope bitterbrush, and multiple
sagebrush species to three rates of Imazapic and the same rates with methylated seed oil as a surfactant. They
found a cheatgrass control program in an antelope bitterbrush community should not exceed Imazapic at 8 oz/ac
with or without surfactant. Sagebrush, regardless of species or rate of application, was not affected. However, many
environmental variables were not reported in this study and managers should follow label directions and in sensitive
habitat areas potentially install test plots before broad scale herbicide application is initiated.

Fire Ecology:

This group is dominated by Wyoming and basin big sagebrush, often occurring in equal proportions on the
landscape. Changes if fire frequency have occurred because of fire supporession, livestock grazing, OHV use, and
invasive annual grass invasions. Wyoming big sagebrush communities historically had low fuel loads, and patchy
fires that burned in a mosaic pattern were common at 10-70 year return intervals (Young et al. 1979, West and
Hassan 1985, Bunting et al. 1987). Davies et al. (2006) suggest fire return intervals in Wyoming big sagebrush
communities were around 50-100 years. Wyoming and basin big sagebrush are killed by fire and only regenerate
from seed. Because of the time needed to produce seed, frequent fires can eliminate sagebrush from a landscape
(Bunting et al. 1987). Basin big sagebrush reinvades a site primarily by off-site seed or seed from plants that
survive in unburned patches. Approximately 90% of big sagebrush seed is dispersed within 30 feet (9 m) of the
parent shrub (Goodrich et al. 1985) with maximum seed dispersal at approximately 108 feet (33 m) from the parent
shrub (Shumar and Anderson 1986). Therefore, regeneration of big sagebrush after stand replacing fires is difficult
and dependent upon proximity of residual mature plants and favorable moisture conditions (Johnson and Payne
1968, Humphrey 1984). Big sagebrush may require 50-120 or more years to recover after fire (Baker 2006). The
introduction and expansion of cheatgrass has dramatically altered the fire regime (Balch et al. 2013) and restoration
potential of Wyoming big sagebrush communities.

The effect of fire on bunchgrasses relates to culm density, culm-leaf morphology, and the size of the plant. The
initial condition of bunchgrasses within the site along with seasonality and intensity of the fire all factor into the
individual species response. For most forbs and grasses the growing points are located at or below the soil surface
providing relative protection from disturbances which decrease above ground biomass, such as grazing or fire.
Thus, fire mortality is more correlated to duration and intensity of heat which is related to culm density, culm-leaf
morphology, size of plant and abundance of old growth (Wright 1971, Young 1983). Rhizomatous grasses, such as
western wheatgrass, also respond to timing and intensity of the fire. White and Currie (1983) found that dormant
season fire increased western wheatgrass cover whereas growing season burning had no impact on basal cover. In
Nevada, western wheatgrass increased in frequency after fire and above ground biomass increased more than
seven times pre-burn levels during the first season following fire (Bushey 1987).
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Bottlebrush squirreltail is considered one of the most fire resistant bunchgrasses due to its small size, coarse
stems, and sparse leafy material (Britton et al. 1990, Wright 1971, Wright and Klemmedson 1965). Post-fire
regeneration occurs from surviving root crowns and from on- and off-site seed sources (Bradley et al. 1992).
Bottlebrush squirreltail has the ability to produce large numbers of highly germinable seeds, with relatively rapid
germination (Young and Evans 1977) when exposed to the correct environmental cues. It exhibits the ability to
germinate in the late fall and very early spring at a wide range of temperatures making it a strong competitor with
cheatgrass (Arredondo et al. 1998). Early spring growth and ability to grow at low temperatures contribute to the
persistence of bottlebrush squirreltail among cheatgrass dominated ranges (Hironaka and Tisdale 1973).

The grasses likely to invade this site are cheatgrass and medusahead. These invasive grasses displace desirable
perennial grasses, reduce livestock forage, and accumulate large fuel loads that foster frequent fires (Davies and
Svejcar 2008). Invasion by annual grasses can alter the fire cycle by increasing fire size, fire season length, rate of
spread, numbers of individual fires, and likelihood of fires spreading into native or managed ecosystems (D’Antonio
and Vitousek 1992, Brooks et al. 2004). While historical fire return intervals are estimated at 15 to 100 years, areas
dominated with cheatgrass are estimated to have a fire return interval of 3-5 years (Whisenant 1990). The
mechanisms by which invasive annual grasses alter fire regimes likely interact with climate. For example,
cheatgrass cover and biomass vary with climate (Chambers et al. 2007) and are promoted by wet and warm
conditions during the fall and spring. Invasive annual species have been shown able to take advantage of high N
availability following fire through higher growth rates and increased seedling established relative to native perennial
grasses (Monaco et al. 2003).

Livestock/Wildlife Grazing Interpretations:

Generally, Wyoming big sagebrush is the least palatable of the big sagebrush taxa (Bray et al. 1991, Sheehy and
Winward 1981) however it may receive light or moderate use depending upon the amount of understory herbaceous
cover (Tweit and Houston 1980). Personius et al. (1987) found Wyoming big sagebrush and basin big sagebrush to
be intermediately palatable to mule deer when compared to mountain big sagebrush (most palatable) and black
sagebrush (least palatable). Lahontan sagebrush, on the other hand, is considered preferred browse by mule deer
(Clements and Young 1997) and is noted as often having a hedged appearance indicating high palatability by many
species (McArthur 2005).

Bottlebrush squirreltail generally increases in abundance when moderately grazed or protected (Hutchings and
Stewart 1953). It is considered to be fair to good forage for cattle, horses and sheep in the spring prior to seed
development, and in the late fall after seed shatter. In addition, moderate trampling by livestock in big sagebrush
rangelands of central Nevada enhanced bottlebrush squirreltail seedling emergence compared to untrampled
conditions. Heavy trampling however was found to significantly reduce germination sites (Eckert et al. 1987).
Squirreltail is more tolerant of grazing than Indian ricegrass but all bunchgrasses are sensitive to over utilization
within the growing season.

Reduced bunchgrass vigor or density provides an opportunity for Sandberg bluegrass or bottlebrush squirreltail
expansion and/or cheatgrass and other invasive species such as halogeton (Halogeton glomeratus), bur buttercup
(Ceratocephala testiculata) and annual mustards to occupy interspaces. Sandberg bluegrass and/or bottlebrush
squirreltail increases under grazing pressure (Tisdale and Hironaka 1981) and is capable of co-existing with
cheatgrass. Excessive sheep grazing favors Sandberg bluegrass; however, where cattle are the dominant grazers,
cheatgrass often dominates (Daubenmire 1970). Thus, depending on the season of use, the grazer and site
conditions, either Sandberg bluegrass, bottlebrush squirreltail or annual invasive grasses may become the dominant
understory with inappropriate grazing management.

Inappropriate grazing practices can be tied to the success of medusahead, however, eliminating grazing will not
eradicate medusahead if it is already present (Wagner et al. 2001). Sheley and Svejcar (2009) reported that even
moderate defoliation of bluebunch wheatgrass resulted in increased medusahead density. They suggested that
disturbances such as plant defoliation limit soil resource capture, which creates an opportunity for exploitation by
medusahead. Avoidance of medusahead by grazing animals allows medusahead populations to expand. This
creates seed reserves that can infest adjoining areas and cause changes to the fire regime. Medusahead replaces
native vegetation and cheatgrass directly by competition and suppression and native vegetation indirectly by an
increase in fire frequency. 
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Medusahead litter has a slow decomposition rate, because of high silica content, allowing it to accumulate over time
and suppress competing vegetation (Bovey et al. 1961, Davies and Johnson 2008).
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Figure . State and Transition Model



Figure 1. STM Narrative
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