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Fish and Fish Habitat
The Guano and Thousand-Virgin Sub-basins are very dry and contain only about 76 miles of 
perennial streams in their combined area of 1,810,600 acres. Within the two sub-basins, there is also 
an unmeasured length of intermittent streams, and numerous springs, ponds and reservoirs, which at 
least periodically, if not continually, contain fish. 

There are two native fish species in the two sub-basins: Redband trout and tui chub. In addition, there 
have been several species of fish introduced into the area.

The current dry conditions and dramatic history of the sub-basins and surrounding areas have required 
significant adaptations by the native fish. Similarly, the introduced fish are subject to stress brought 
by commonly changing water temperatures and varying water amounts. These changing conditions 
not only pose problems to the fish, but they also pose challenges to the fish biologists, landowners and 
land managers who have responsibilities to manage the fish.

Special Status Fish Species

Great Basin Redband Trout

Great Basin redband trout (Figure 2-3) 
are an adfluvial1 species and relatives 
of rainbow trout including sea-going 
steelhead (Oncorhynchus mykiss). Great 
Basin redband trout are not recognized 
with an official subspecies designation; 
yet, it is common to see them referred 
to as Oncorhynchus mykiss newberrii 
(Behnke 2002, 2007).

With drying of pluvial lakes, ancestors of today’s Great Basin redbands became isolated in basins 
and drainages. They adapted to selective pressures such as extreme differences in water temperature 
and intermittent stream flows. Great Basin redband trout can function well and survive in warm 
waters that would severely stress most other rainbow trout. In comparison with other salmonids, they 
tolerate extreme daily temperature differences (Thorgaard et al. 2007). They still, however, prefer the 
same water temperature as most salmonids, and choose desert stream segments with cooler water as 
in Catlow Valley’s Home Creek (Dambacher and Jones 2001).

Redbands occur as a group occupying six watershed basins now lacking connections to the ocean. 
These are mostly in southeastern Oregon, with small portions in northeastern California and 
northwestern Nevada

1 Adfluvial are fish that live in lakes and migrate into rivers or streams to spawn

Figure 2-3. Redband Trout
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As a group, the Catlow Valley redbands are genetically distinctive. Redband trout now inhabit three 
Catlow Valley streams draining the western slope of the South Steens (Home, Threemile and Skull 
creeks). They also occupy Rock Creek on the eastern slope of Hart Mountain. Redbands survived in 
seasonally fragmented and spring-fed portions of their ancestral drainages.

Tui Chub

Williams and Bond (1981) first recognized the 
Catlow tui chub (Gila bicolor eurysoma) (Figure 
2-4) as a morphologically distinct subspecies 
occupying Fish Creek (Washoe County, Nevada) 
and Piute Creek (Lake County, Oregon) and 
other streams flowing to the Guano Valley 
(Dambacher and Burke 1997). Recently Harris 
and Markle’s (submitted) monograph confirms 
the genetic distinctness of the Catlow tui chub, 
which they call the “Sheldon tui chub of the 
Guano and Catlow valleys of northwestern 
Nevada and southeastern Oregon.”

Catlow Valley fish share distant genetic affinities with those in the Harney Basin. In the last pluvial 
episode (24,000 -13,000 years ago), Pluvial Lake Catlow did not rise above the basalt landform at 
P-Hill. Therefore, excluding human intervention, any former exchange of fishes between Guano and 
Harney basin should perhaps be measured in hundreds of thousands of years. Given evidence in the 
central Great Basin for even higher middle Pleistocene lake stands (Reheis et al. 2002), deeper lakes 
and possible exchange of fish could be anticipated in the Guano sub-basin. Hubbs and Miller (1942) 
suggested a Pliocene age for isolation of the distinctive Catlow tui chub there. Given the geological 
barriers, such an age is not inconceivable.

Conservation Challenges and Responses

In September 1997, the Oregon Natural Desert Association (ONDA), Oregon Trout, Native Fish 
Society, and Oregon Council of Trout Unlimited joined as petitioners in submitting, “A Petition 
for Rules to List Great Basin redband trout (Oncorhynchus mykiss newberrii) as Threatened or 
Endangered Under the Endangered Species Act.” Nonetheless, rigorous scientific scrutiny, naturally 
increasing trout numbers with the 1986-1994 drought on the wane (Dambacher, Jones, and Li 2001), 
and agency-landowner cooperation all precluded necessity for Great Basin redband trout protection 
under the federal Endangered Species Act. 

Rapid responses and results followed the 1997 Catlow Cooperative Conservation Agreement among 
Roaring Springs Ranch, ODFW, BLM, and USFWS. This agreement identified threats to aquatic 
systems in the Catlow Valley and specific tasks to address them. By 1999, the ranch had initiated 69 
of the 74 tasks listed in the agreement. The Endangered Species Bulletin (Young and Rhew 1999) 
reported that completed projects, “significantly reduced the risk to Great Basin redband trout in the 
Catlow Basin.” These projects included closing and rerouting roads in upper Skull Creek, creating 

Figure 2-4. Tui Chub.
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passage to Skull Creek Reservoir that restored the lake-stream connection, adjusting grazing practices 
to allow regeneration of riparian communities, establishing head cut erosion controls, and many more 
site-specific restoration actions. 

The conservation agreement helped assure redband trout and tui chub survival and led to success of 
adaptive livestock management in conservation. On July 13, 1999, the Conservation Achievement 
Award from the Western Division of the American Fisheries Society was awarded to Roaring Springs 
Ranch 

Dams, dikes and ditches have no doubt taken a toll on Guano sub-basin fishes by both habitat 
destruction and by blocking fish passage and/or modifying flow patterns. Yet, not all efforts to control 
and store water have negative consequences. Skull Creek and Threemile reservoirs on Roaring Springs 
Ranch and Rock Creek Reservoir on Rock Creek Ranch ensure the adfluvial portion of redband life 
history by replacing long lost natural conditions. Redband trout can grow rapidly in the reservoirs 
and, as flows permit, return to connecting streams to spawn. Reservoir fish grow larger and produce 
more eggs; thus, they increase fecundity1 in the total drainage.

 The reservoirs may also become refuges when their feeding streams cease to flow much beyond 
their headwater springs. With return of sufficient flows reservoir fish, return upstream to spawn 
and replenish the stream dwellers. Dambacher and Jones (2007) called this, “the phenomenon of 
population collapse and colonization.”

In the reservoirs and lower stream reaches trout grow rapidly by gorging on chub. Though Guano 
Reservoir lacks trout, it supports Catlow (Sheldon) tui chub. Seepage from Guano Reservoir raises 
the local water table. Therefore, pools within channels below the earthen dam often hold chub. 
Landowners who built and maintain these irrigation and stock water impoundments constitute 
critical cogs in fish conservation. They remain directly responsible for maintaining the adfluvial life 
history of Guano sub-basin redband trout. 

Using his data from Threemile Creek Kunkel (1976) speculated that construction of terminal 
reservoirs could increase trout production in small streams while affording water for irrigation, stock 
and wildlife. For example, Threemile Creek annually produced about 700 legal size fish and the 
reservoir contributed an additional 240 large (average 17 inches) spawners. His suggestion should be 
considered for conservation of Catlow redbands. Both Skull and Home creek are likely candidates for 
trout conservation reservoirs somewhat akin to Threemile Reservoir.

Roaring Springs Ranch continues work on reestablishing the stream-reservoir connection. Fish 
screens now limit the loss of trout with irrigation waters and Threemile Reservoir was deepened to 
encourage redbands to rear and grow in the pool as in the 1970s. The tui chub prosper, but the trout 
have not returned. Restoring the adfluvial life history to Threemile Creek remains a work in progress.

1 The ability to produce offspring, especially in large numbers
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Introduced Fish

Fish introductions may be accidental by way of artificial drainage connections, by live bait left by 
anglers, or by hitchhikers included with ODFW stockings. For instance, non-local sculpin most 
likely arrived at Fish Lake on Steens Mountain in a truckload of hatchery trout. Introductions may 
also be intentional as were the Lahontan cutthroat trout stocked in Guano Creek in 1957, 1967 and 
1973 and hatchery rainbow trout in the 1960s.

 Rock Creek received hatchery rainbow trout from at least 1936 until all stocking ceased with the 
1976 release of fingerling rainbow near the hot springs on Hart Mountain. Finally, 1979 saw fingerling 
rainbows and largemouth bass (Micropterus salmoides Lacepède) introduced to Rock Creek Reservoir. 
These were the last fish legally introduced to the waters of the Rock Creek drainage (Bowers et al., 
1999; T. Walters, ODFW, pers. comm.). 

In the early 1980s, brown trout (Salmo trutta L.) introduced to Threemile Reservoir soon perished 
as did the largemouth bass planted in Rock Creek Reservoir in 1979. However, the successful 1972 
introduction of white crappie (Pomoxis annularis Rafinesque) has earned Rock Creek Reservoir a 
reputation as a warm water sport fishery. 

As their water levels allow, other reservoirs in the extreme southwest area of the Guano sub-basin 
in Oregon may be planted with trout. Currently these include only Spaulding and Piute reservoirs. 
Spaulding, about 13 miles south of Beatys Butte, receives rainbow trout. Piute Reservoir, off Hwy 140 
south of Guano Lake, receives Lahontan cutthroat or rainbow trout.

Implications

The two native fish in the Guano Sub-basin (trout and chub) reflect adaptations through long 
isolation that rendered them morphologically and genetically distinct from others of their species. 
Showing remarkable resilience, these two fish survived extreme geologic events and climatic change. 
Great Basin redband trout favor cool clear headwaters and lakes, whereas Catlow tui chub can also 
thrive in the sluggish warmer waters of lower stream reaches, marshes and lakes. Still, they both passed 
the Pleistocene in Catlow Valley streams where today they would share only partially overlapping 
habitats.

Re-establishing the Threemile Creek-to-reservoir connection must rank high on a list of management 
goals along with water storage projects elsewhere in the sub-basins. New or modified multiple-use 
reservoirs -- constructed to assure connectivity for fish passage -- could ensure adfluvial life histories, 
more fish, and additional benefits for wildlife and ranching. Furthermore, as a conservation action, 
increasing fish habitats and numbers would generate a buffer against extreme population declines 
(“the phenomenon of population collapse and colonization”) historically associated with drought. 

Water control on smaller scales could also benefit fish. For example, some spring run-off diverted to 
meadow ground would initially be stored in the soil profile; then, in summer, cooled ground water 
would be naturally released back into the adjacent warmer stream (Taylor et al. 2003). Placing water 
flow barriers or check dams in small tributary drainages to main streams would perhaps accomplish 
similar results. The Rock Creek drainage has ideal situations to explore both of these possibilities. 
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Finally, it seems important to understand more about the histories of isolation and changing 
environments, and potential population segments of fish within the Guano Sub-basin. Answers to 
the former could come from studies of structural geology and paleoecology1. The latter would require 
genetic studies comparing Harney Sub-basin fish (trout and chub) with those in all appropriate 
Guano Sub-basin streams and by comparing all the Guano Sub-basin populations with each other. 
Meanwhile, we must strive to prevent the introduction of non-native fish and maintain genetic 
integrity of existing redband and chub populations.

Issues, concerns, and action items
• Increase public awareness of the relationship between healthy watersheds and healthy fish 

populations.
• Increase public awareness of the relationships between climate cycles, the health of riparian zones 

and the extent and size of fish populations.
• Increase public awareness of the consequences of illegal fish introductions and work to prevent such 

introductions.

1 The study of the interaction of prehistoric life forms and their environments
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Vegetation Problems

Western Juniper

General Attributes

Western juniper is native to Southeastern Oregon. There is scientific evidence of its presence in 
Southeastern Oregon for 4,800 years and in south-central Oregon for 6,600 years. In its historical 
settings, western juniper is an important and beneficial species to biological diversity and watershed 
health. However, due to its spread to new habitats and its increased cover on many sites, it has become 
one of largest threats to the biological diversity and watershed health of southeastern Oregon.

Western juniper is important to diversity and watershed health because it is the only native coniferous 
tree species that can grow in much of semi-arid southeastern Oregon. When found in limited 
abundance it provides a valuable layer of tall plant growth over the sagebrush and other shrubs that 
generally dominate the area, providing benefits to a wide variety of animals that reside in the sub-
basin for parts or all of their life cycles. 

Western juniper historically appears to have occupied rocky ridges, low sagebrush (Artemisia arbuscula 
Nutt.) flats, and pumice soils where understory vegetation was too sparse to carry fire. These ‘fire-
safe’ sites often had less than 10% tree canopy cover on the rocky shallow soils and up to 10 to 25% 
tree canopy cover in more productive soils. Tree establishment on these sites was certainly very low, 
but once established trees tended to live to old age due to the lack of fire. These sites can still be 
recognized by the relatively sparse canopy cover of old growth juniper, generally round-topped trees 
(versus conical shaped younger trees), the presence of standing and on-the-ground dead trees and tree 
parts, decadent trees (significant numbers of dead limbs), abundance of lichen on dead branches, and 
hollows and cavities in the wood. 

Western juniper is now greatly increasing throughout its range. It is moving out from the fire-safe 
sites and occupying many different habitats. When it increases in an area to the point of dominating 
the landscape and forming closed stands it has detrimental effects on associated vegetation, and 
consequently on animals which use the areas. It also affects some physical processes important to 
watershed health. The detrimental effects not only affect the natural biological and physical functions, 
but they also limit human use of the impacted areas. 

The current increases in extent and density of western juniper in its native range is considered to be 
at least partially due to fire suppression and other human influences on the landscape. These increases 
and effects have been the subject of a wide variety of scientific studies for many decades. In recent years, 
scientists based at the EOARC in Burns, Oregon, have carried out much of that research. Scientists 
from EOARC have written a document titled Biology, Ecology, and Management of Western Juniper 
(Juniperus occidentalis) (Miller et al., 2005). That document is a review of the scientific literature of 
western juniper. It includes guidelines for choosing juniper treatments, and identifies the knowledge 
gaps in our understanding of the biology, ecology, history and management of western juniper.
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Throughout its range, western juniper is usually the only conifer species on a site except where 
western juniper woodlands adjoin ponderosa pine (Pinus ponderosa C. Lawson) forests. There are no 
ponderosa pine forests in the Guano or Thousand-Virgin sub-basins. Consequently, western juniper 
is usually the only tree species on sub-basin sites except when found with aspen or cottonwood and/

Map 2-7. Extent of western juniper woodland. (NWGAP)
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or narrowleaf cottonwood (Populus angustifolia James). 

Western juniper is a long-lived species—sometimes living more than 1,000 years. It becomes 
reproductively mature in forty years. It is submonoecious and develops male cones in early spring, 
which attain full size the first summer and mature during the second summer. Female cones persist 
on trees for nearly two years. Seeds are dormant and germination potential is greatly enhanced by 
prolonged cool-moist stratification, which is cumulative from year to year. Seed dispersal of western 
juniper occurs through gravity, overland flow, and animals. At least 12 species of birds feed on the 
fruits and as a group, those birds are the most important disseminators of western juniper seed. 

Western juniper grows on a wide variety of parent materials and soils including materials derived from 
aeolian (e.g., pumice sands), sedimentary, and igneous sources (e.g., rhyolite, andesite, basalt). Soil 
textures range from clay to sandy and soil temperature regimes from mesic to frigid. 

Western juniper is most common in areas that receive 10 to 15 inches of precipitation, but less common 
in areas with as little as seven inches or as much as 20 or more inches. It is capable of growing in much 
wetter sites than commonly observed. This is evident from its presence in moist upland or riparian 
aspen stands, and in riparian cottonwood stands. Most western juniper is found growing between 
2000 and 6000 feet in elevation, but it is known to grow between 600 feet and 8000 feet elevation.

Western juniper apparently first occurred in southeastern Oregon around 4,800 years ago and it 
probably reached its current geographical range approximately 3,000 years ago. The so-called Little 
Ice Age occurred in the area 700 to 150 years ago (ending about 1850). Increased grass cover during 
that period probably supported higher fire frequencies that limited western juniper distribution and 
abundance. During that time, the species was apparently only common in areas, which were either 
rocky or otherwise, did not support sufficient vegetation to carry fires. There is some evidence that 
western juniper began to increase around 1850, but the rapid increase came later in the 1800s. That 
increase generally coincided with European settlement of the area.

Western juniper has increased its cover rapidly since 1870. Currently it occupies areas in its range 
estimated to be 10 times the 1870 cover. Various scientists believe that it has the potential to occupy 
far more area than it now does. The rapid post-settlement expansion (i.e. since 1870) appears to have 
initially been the result of: 1) on-going significant precipitation, allowing successful western juniper 
germination and establishment, combined with 2) the simultaneous but unintended fire suppression 
which resulted from early post-settlement, season-long grazing of the area by domestic livestock. Fire 
suppression by livestock results from their use of fine fuels (grasses and forbs) prohibiting the ability 
of fires to carry across the landscape. The purposeful and increasingly efficient fire suppression by 
humans in later parts of the post-settlement era has allowed continued increases of western juniper.

Three transitional phases of juniper woodland succession are defined as:
• Phase I: Trees are present but shrubs and herbs are the dominant vegetation that influence ecological 

processes (hydrologic, nutrient, and energy cycles) on the site;
• Phase II: Trees are co-dominant with shrubs and herbs and all three vegetation layers influence 

ecological processes on the site;
• Phase III: Trees are the dominant vegetation and the primary plant layer influencing ecological 

processes on the site.
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These phases represent important differences in the functioning and effects of western juniper in 
varied habitats in its range. It is the transition from Phase II to Phase III when juniper changes from 
being a generally beneficial plant in most environments to a less desirable and even detrimental plant. 
The loss or decline of associated shrubs and herbs not only signals decreasing vegetation diversity with 
concomitant decreases of most beneficial uses by native and domestic animals, but it also represents 
the time of altered physical functions within the stands. 

The minimum time for the tree overstory to begin suppressing the understory is 45 to 50 years, by 70 
to 90 years on cool wet sites and 120-170 on dry warm sites, juniper influences understory vegetation. 

The rate of loss of shrubs and forbs with increasing juniper cover is dependent on a variety of site-
specific factors. The two most important factors, at least on the herbaceous component, are the 
relative wetness of the site (with dry sites being most affected) and the presence or absence of a 
restrictive sub-surface soil layer (with sites having a restrictive layer most affected). In addition to the 
changes to the understory vegetation with increasing juniper cover, there are also less obvious, but 
biologically important changes in nutrient and organic matter cycling, and nutrient availability in 
changing juniper stands. Those effects are varied and complex and they have both long and short-term 
implications. 

Some hydrological functions change with increasing juniper cover. These changes include the 
decrease in rain and snow reaching the ground due to increasing juniper cover; the resulting decrease 
in potential soil moisture and possible resulting effects on stream and spring flow; and changes to hill 
slope runoff and erosion. While all three of these potential changes can theoretically be important 
and detrimental, increased runoff and erosion (i.e. removal of topsoil and its nutrients) may have 
the greatest long-term effects on a site, as soil development and nutrient accumulation in semiarid 
environments are both slow processes.

Changes in hydrologic processes and water balance as tree abundance and dominance increase are 
not well understood or documented. Evidence suggests that juniper can influence infiltration rates, 
sediment loss, and soil water storage and depletion rates. Accelerated soil water depletion rates in 
western juniper-dominated stands can decrease the length of the growing season by as much as 4 to 6 
weeks. However, the impacts of western juniper on the water balance at the watershed or basin level 
have not been determined, nor have the effects of woodlands on subsurface flow into streams and 
springs.

Because of these concerns, control of western juniper has been a major concern of land management 
since the early 1960s. Many different western juniper control practices have been utilized, including 
fire, mechanical, chemical, seeding, and post-treatment grazing. In the 1960s through the early 1970s 
chaining and dozing were the most common forms of western juniper control. In the 1970s, chainsaws 
became a widespread tool used for juniper control. In the 1990s and since, the use of prescribed fire 
for juniper control increased.

Our ability to control juniper using these various techniques is quite high, but that alone does not 
translate into a refined ability to manage the ecosystems where this species now grows. The response 
of juniper and other vegetation to control measures is highly site specific, complicating the choice of 
available control alternatives. In addition, our understanding of the results of control measures on 
other ecosystem attributes is still incomplete. Control measures that result in weed infestations, the 
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loss of desirable native plant species, or in a lack of protective ground cover may be more harmful than 
beneficial. Most management alternatives are expensive and mistakes can have long-term negative 
effects.

While a great deal has been learned about the ecology, biology, history, and management of western 
juniper over the past several decades, not all of the questions have been answered. These knowledge 
gaps limit our ability to manage western juniper on an ecosystem basis.

Western Juniper in the Guano and Thousand-Virgin sub-basins. 

In 1984-1986 when the Burns BLM vegetation 
cover data was collected, there were 18,500 acres 
of juniper-dominated lands in the sub-basin. In 
comparison, there were 91,200 acres in the Donner 
und Blitzen Sub-basin that abuts the Guano 
sub-basin to the Northeast. Currently, there is a 
relatively small amount of western juniper in the 
Guano and Thousand-Virgin sub-basins. The only 
areas with significant juniper cover is the Home 
Creek - Garrison Lake watershed (6.36%) and the 
Walls Lake watershed (3.58%) (Table 2-13 and 
Map 2-7).

Table 2-13. Western juniper in the Guano and Thousand-Virgin watersheds (2008 NWGAP).
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Unfortunately, Guano and Thousand-Virgin sub-basins land now occupied by juniper are expanding. 
The juniper in the enlarging area exhibits the signs of typical post-settlement expansion, with younger 
trees occupying a variety of habitats and showing the potential to fill in and eventually form Phase III 
stands. 

To date there have been minimal juniper control efforts in the Guano and Thousand-Virgin sub-
basins as time and resources are being focused on the more heavily stocked and larger juniper stands 
on the westerly and northerly parts of the Steens Mountain. There has been some juniper control on 
private land on the east side of the Steens Mountain in the Alvord Lake Sub-basin, but the acreage is 
quite small. 

Western Juniper Data

NWGAP data was used for Map 2-7 
and Table 2-13. The 30m resolution of 
the data cannot accurately depict actual 
levels of juniper on the land. As a result 
of the data limitations, current levels of 
juniper encroachment are likely greater 
than the data shows.



2-40 

Guano & Thousand-Virgin Sub-basins Watershed Assessment 

With the relatively small current amount of juniper in the Guano and Thousand-Virgin sub-basins 
and the developing knowledge of juniper control, the species should not be a major problem in the 
sub-basin in the future if management and associated resources are directed toward keeping its cover 
amounts low. In comparison to cheatgrass and noxious weeds (discussed below), juniper invasion is 
slow and manageable. Treating Phase III juniper stands is expensive. Keeping juniper from reaching 
Phase III is more cost-effective.

Cheatgrass

General Attributes

Cheatgrass (Bromus tectorum L.) is an introduced annual grass that has been widely distributed on 
rangelands in the western United States for over 75 years. Despite being a nonnative, invasive plant, 
cheatgrass is not defined as a noxious weed in Oregon. Its distribution may still be expanding into 
new habitats due to its ability to adapt in new environments. It is tolerant of grazing and other land 
uses and it usually increases with fire. Cheatgrass is adapted to many biotic regimes from low elevation 
salt desert shrub communities to the higher elevation ponderosa pine zone. These communities range 
from 1500 to 9000 feet in elevation and from six to over 20 inches of average annual precipitation.

Multiple germination times (fall, winter, or spring), late winter and early spring growth and the 
rapid lateral elongation of roots provide cheatgrass with a competitive advantage over seedling 
native perennial species. In some conditions, it out-competes those species for water and nutrients. 
Consequently, it can reduce establishment and growth of seedlings of other range grasses. Early growth 
by cheatgrass is particularly problematic following fires when it can quickly garner the majority of 
released nitrogen and other nutrients.

Cheatgrass completes its reproductive process early in the year and turns senescent quickly, becoming 
flammable earlier and remaining so later than most native perennial grasses. It is a prolific seed 
producer and can produce multiple seed crops in a single year. The seeds can survive in the soil for 
2-5 years before germinating. Plant densities can be very high, in the thousands of plants per square 
meter. It is used by wildlife and livestock when young and green, and will be used after maturity when 
it is wet. It is generally not used when setting seed or at maturity when it is dry. The total time when 
it is palatable and desirable to most animals is relatively short. The seeds though are used by a variety 
of small mammals and birds throughout the year.

Cheatgrass modifies the ecosystem attributes of soil temperature and soil water distribution. Its soil 
temperature altering abilities appear related to the fact it does not shade the soil as well as some of the 
shrub-dominated vegetation types it can replace. It uses soil water efficiently from the upper soil levels, 
whereas many native bunchgrasses and shrubs extract water from deeper in the soil profile. In dry years 
with only scattered moisture, cheatgrass can intercept significant portions of the precipitation before 
it gets down to deep soil horizons. Its water use pattern and annual life cycle result in vastly differing 
cheatgrass biomass production in wet and dry years. While its production may be quite high in wet 
years, it can be very low in dry years. Several dry years in a row can result in cheatgrass rangelands 
having little or no residual plant growth or litter to protect the soil and promote water infiltration. 
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This situation can also occur after wildfires, and in both cases, the land can become highly susceptible 
to erosion. Besides altering sites so that they are more susceptible to erosion, cheatgrass can also make 
sites more susceptible to invasion by noxious weeds and other undesirable plant species. 

Cheatgrass also appears to reduce the diversity and cover of microbiotic soil crusts. These reductions 
may affect nutrient and hydrologic cycles, plus energy flow and site stability. 

The mentioned attributes result in cheatgrass being particularly successful in many environments, 
which experience wildfires. Not only does cheatgrass thrive in some of those areas, it can alter some 
environments in ways that the fires and the fire cycle are changed and become more harmful to the 
native ecosystems. 

Because cheatgrass matures earlier in the year than native bunchgrasses, it can carry fires across the 
landscape earlier when the native grasses are still actively growing, have not set seed and are still green. 
Those bunchgrasses are then prone to serious burn damage in those early fires. In contrast, those 
native grasses do not suffer the same damage in later burns once they have matured.

In substantial stands, cheatgrass can provide a nearly continuous stand of fuel, which often results in 
solid burn lines with very few unburned sites. In contrast, bunchgrass stands tend to burn in mosaics, 
with remnant islands of unburned native vegetation which can provide seeds for natural reseeding of 
the burned areas and which acts as a refuge for the native fauna both during and after the fires. 

Because cheatgrass is a quick growing annual and a prolific seed producer, and because it quickly 
recaptures available nutrients following fire, it can make a site prone to fire again quickly after a previous 
burn. Consequently, it increase the frequency of fire on a site. Some rangelands heavily infested with 
cheatgrass now have fire return intervals of less than five years, whereas the native rangeland types may 
have had historic fire return intervals of many decades on the same sites. Short fire return intervals 
can remove essentially all of the desirable native species, as most are not adapted to the frequent fires 
of shortened regimes. Once the native plants have been replaced, their return is at best a slow process 
even with successful fire suppression. 

After a core area has been dominated by cheatgrass, successive fires will burn rapidly through that area 
encroaching into even healthy stands of adjacent native vegetation. Even if the fire burns out relatively 
quickly in the native vegetation, the cheatgrass core will probably expand in size to some degree. 
Successive fires will repeat the process with the potential for expansion with each burn.

Revegetating cheatgrass dominated rangelands is difficult and expensive. In most situations, it is best 
to take steps to prevent or reduce its invasion in the first place. That usually entails reducing occurrence 
or impacts of the various types of disturbance that allow initial cheatgrass establishment. In relation 
to fire, that may mean reducing fire hazards, and preventing large fires that result in major vegetation 
changes. Strategic grazing can be used in some circumstances to reduce potential fuel loads. Various 
other management practices will also potentially play an increasing role, as managers increasingly 
incorporate their understanding of ecosystem functioning in choosing management practices.
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Cheatgrass in the Guano and Thousand-Virgin Sub-basins

In the Guano and Thousand-Virgin Sub-basins, cheatgrass is most common below 5000 feet, but it is 
also found at higher elevations based on local conditions. Disturbance of the soil surface often allows 
cheatgrass to invade very high sites in the project area, but in those sites, cheatgrass will not persist 
without continual disturbance. On lower sites, but still above 5000 feet, cheatgrass may be able to 
persist after initial establishment without further disturbance if the site is relatively warm and dry. 
Below 5000 feet, cheatgrass can persist in most dry environments once it has established.

Cheatgrass is ubiquitous in the Guano and Thousand-Virgin Sub-basins, but it does not dominate 
large land areas. The big sagebrush/annual grassland type has an overstory of big sagebrush and an 
understory dominated by cheatgrass, rather than the native bunchgrasses that originally occupied 
these sites. Sagebrush does not re-sprout from its roots if the top dies back to the ground following 
fires. Consequently, many of these sites can change to cheatgrass dominated grasslands with another 
fire or two.

Whatever the precise current numbers, cheatgrass still does not dominate vast tracts of land in the 
Guano and Thousand-Virgin project area. In comparison, the similar sized Alvord Lake Sub-basin 
immediately to the east of this project area had 26.0% and 0.4% cover by the sagebrush/annual 
grassland type and the annual grasslands type, respectively in the 1984-1986 survey. Those numbers 
are also thought to have risen since the surveys. Besides that total amount of cheatgrass dominance 
in the Alvord Lake Sub-basin, some of those areas are within areas of known erratic fire behavior 
where prevailing winds often shift within a 24-hour periods, making fire fighting very difficult and 
dangerous. The BLM there has designated their highest fire suppression category to some of those areas 
to prioritize limiting further cheatgrass expansion. That combination of high cheatgrass domination 
and potential erratic fire behavior does not currently exist in the Guano and Thousand-Virgin Sub-
basins. Consequently, to-date the BLM has not assigned their highest fire suppression category to any 
parts of this project area due to the possibility of cheatgrass expansion. However, that situation could 
change and the BLM monitors cheatgrass cover following fires in the area.

In the lower vegetated sites in the project area cheatgrass is invading the salt desert shrub/grassland 
communities. As in the various sagebrush types at higher elevations, the invasion into these lower 
shrub communities is often initiated by fire. Again, once it is present in significant amounts, cheatgrass 
is able to reduce the reestablishment of native grasses and shrubs, converting these sites after one to a 
few fires to cheatgrass monocultures. 

The emphasis in these discussions on the interaction of cheatgrass and fire is purposeful. First, fire 
is certainly the most significant disturbance in the project area that allows significant invasion of 
cheatgrass into new areas. In addition, prescribed fire is becoming a commonly used tool in rangeland 
reclamation (see the preceding section on western juniper). These contrasting effects and roles of 
fire potentially pose problems to land managers in relation to cheatgrass. At the same time, other 
disturbances besides fire also allow cheatgrass invasion and once on a site cheatgrass has other negative 
ecological effects besides making the area susceptible to fire. Among these are its ability to prevent or 
at least to slow the re-establishment of native species following disturbance, and the fact its presence 
may allow invasion by other undesirable plants, such as noxious weeds.
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A new effort to understand, control and educate the public and land managers about cheatgrass has 
been initiated. That is the Area-Wide Project, funded and ran by the ARS,. The Area-Wide Project, 
with its headquarters at the EOARC, is focused on all invasive, non-native annual grasses in the Great 
Basin, with cheatgrass and medusahead being the major two species of concern. See the write-up on 
medusahead and the Area-Wide Project in the noxious weed section on this page. 

Annual Grasses in the Great Basin Ecosystem - Invasive annual grass management, particularly cheatgrass and 
medusahead, is at a critical crossroads in the Great Basin where the risk is a permanent conversion of a once diverse 
landscape with an annual grass monoculture. These pests dominate more than 130 million acres in a five state 
region, where heavy loads of fine dry fuels alter fire regimes that threaten human life and property and dramatically 
affect nutrient and hydrologic cycling of the system. The loss of functioning ecosystems in the rural economies of the 
west is a tremendous loss. 

In 2008 a USDA- Agricultural Research Service program was established to catalyze large scale adoption of a 
science based approach to managing these grasses.  The program is based at Eastern Oregon Agricultural Research 
Center in Burns, Oregon where Roger Sheley, ARS Rangeland Ecologist, is the principal investigator. The project is an 
extraordinary example of regional collaborative effort with scientists, university researchers, private producers and 
public land managers over the 5 state region of the Great Basin. Funded through 2012, a broad spectrum of research 
is being conducted to address these invaded ecosystems. Ecologically-based invasive plant management (EBIPM) is 
a decision based model to lead land managers in a stepwise process to determine the underlying ecological cause of 
the weed infestation and offering integrated solutions. 

Activities & Products - Landscape scale demonstration areas are ongoing with private producers throughout the Great 
Basin. Research on site history, economic ramifications, weather and climate forecasting, seedling establishment 
all feed into a directed outreach component to develop products including curriculum for university level and land 
managers, promotion of weed prevention areas, decision support guidelines, field courses and workshops, and web-
based consultation to those managing invasive grasses. 

Impact - The expected impacts are more vital rural economies and increased values garnered from rangeland, 
increased health and welfare benefits, and lower firefighting costs from reduced fire frequency.  The environmental 
quality of extensive tracts of rangeland is enhanced by protecting and restoring healthy functioning ecosystems. 

Adoption –Through increased awareness and education the products and tools will have a sustained impact on 
managing annual grasses in the Great Basin ecosystems well into the future. 

Applying EBIPM – The EBIPM decision model is based on successional management theory developed by Pickett 
et al. (1987). Successional management proposes a hierarchical model that includes three primary causes of plant 
community change (site availability, species availability, and species performance), ecological processes that drive 
these causes, and factors that modify these processes. In this model, management tools and strategies are designed 
to target specific ecological processes that influence one or more of the three causes of succession. This links 
treatments a manager imposes to ecological processes driving plant community dynamics. For example, a manager 
might use biological control to reduce seed production, addressing species availability, and use sheep to preferentially 
graze invasive forbs, addressing species performance. Historically, the tools used for invasive plant management have 
focused on treating symptoms and the ecological processes they affect are usually unknown. Based on this ecological 
model, a range of tools can be identified, developed, and strategically imposed to direct vegetation trajectories. Most 
importantly, this model provides a way for managers to understand how to apply the appropriate combination of tools 
and strategies to address the underlying cause of invasion rather than simply controlling invasive plant abundance.

Pickett, S. T., S. L. Collins, and J. J. Armesto. 1987. Models, mechanisms, and pathways of succession. Bot. Rev. 
53:335-371.

Figure 2-5. USDA-ARS, Area-Wide Project
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Map 2-8. Noxious Weeds, Wildfires, and Seedings (BLM)
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The future of cheatgrass and its management in the Guano and Thousand-Virgin Sub-basins are 
uncertain. While cheatgrass has been present and common throughout the west for decades, our 
understanding of its role as a serious threat to ecosystem functioning is only now becoming widely 
understood. The plant is ubiquitous and eradication is impossible. Strategic control and limiting the 
problems it causes should be primary management objectives. Reducing the occurrence or impacts 
of the various types of disturbance (typically wildfire) that allow initial establishment and expansion 
of cheatgrass will certainly play a large role in managing cheatgrass and its impacts. Managing the 
rangelands for overall ecosystem health will be very important. 

Noxious Weeds 

The story of noxious weeds in the project area is quite possibly at a crossroads. In the future, people 
may look back and say that around the year 2010 and shortly thereafter, the weed situation within 
the Guano and Thousand-Virgin Sub-basins and the nearby parts of southeast Oregon and Nevada 
took a turn for the worse. If that possibility comes true it will likely be due to significant invasion into 
the area by a weed species relatively new to the area – medusahead (Taeniatherum caput-medusae (L.) 
Nevski). In comparison to noxious weeds already in the area, this fast spreading species appears to 
present even greater challenges to land owners and land managers than do other species which have 
been present or threatening the area for longer time periods. This noxious weed section is divided into 
two sub-sections. The first contains general information on noxious weeds and information on the 
so-far, generally successful management of those species in the project area. The second sub-section is 
specific to just-arriving medusahead and the unique challenges it presents.

Noxious weeds and their current state in the Guano and Thousand-Virgin Sub-basins. 

Noxious weeds are possibly the most significant threat to rangeland ecosystem health in the western 
United States. This ecological threat posed by noxious weeds is great enough to result significant 
negative effects on local and regional economies. Weed impacts occur by physical displacement 
of native plant species and communities, use of soil moisture and nutrients, production of toxic 
compounds and plant parts (such as awns) which are dangerous or lethal to animals, promotion of 
soil erosion through the disruptions of native communities, and ever-increasing costs in manpower 
and financial resources in attempts at weed control. 

The most dangerous and aggressive noxious weeds are exotic plants—plants which are native to other 
parts of the globe. Increasing regional and international trade and travel have resulted in an increased 
incidence of exotic plant introductions. Plants new to an area usually arrive without the common 
pests and predators that keep them under control in their native regions. Consequently, they often 
spread rapidly. Many can invade both disturbed and undisturbed ecosystems.

The term “weed” can be broadly defined as a plant growing where it is not wanted. In contrast, the 
term “noxious weed” is usually used in relation to specific plants, which have been so designated by 
a governing body charged with defining and directing policy against the most harmful of weeds in a 
given area or on land of specific ownership. For this document, we consider noxious weeds as those 
plants that have been designated as such by Harney County and/or the ODA (explained below.) 
For the sake of brevity, in the text below we often simply say “weeds” when in fact we mean “noxious 
weeds.”
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There are a large number of federal laws, regulations and programs, which direct and prescribe 
weed management on federal lands. Similar authority has been delegated to the states for weed 
management on state and private lands. In Oregon, part of that authority and responsibility has been 
further delegated to the counties, with the state retaining significant ultimate control if the counties 
are not implementing sufficient programs. Within the Guano and Thousand-Virgin Sub-basins, weed 
control authority is slightly different in Lake and Harney Counties. It also differs between ownership 
within those counties, with the primary differences being between public and private lands. 

In Harney County, the Harney County Cooperative Weed Management Area (HCCWMA) 
represents all interested parties – private, county, state and federal entities. The members of 
HCCWMA cooperate on strategies and projects to coordinate their weed control efforts. The 
Harney County Weed Board (HCWB) is a county agency and part of the HCCWMA. It specifically 
represents the private landowners of the county. HCWB has the responsibility to make decisions on 
technical issues, such as the inclusion of new species on the noxious weed list, for the private lands in 
the county. 

There is also a Lake County Cooperative Weed Management Area (LCCWMA), which is similar to 
HCCWMA. There is no Lake County Weed Board. Technical weed issues on private lands in Lake 
County, such as determining the plant species considered as noxious weeds, follow guidelines set 
by the ODA. Members of LCCWMA under grants and agreements covering specific localities and 
times do weed control activities on the private lands in Lake County cooperatively. There is an effort 
to create a Lake County Weed Board to ensure continuous weed oversight on private land throughout 
the county, without the need to constantly renew grants and agreements.

The two major federal land management agencies, BLM and USFWS, in the project area oversee and 
perform their own weed control programs. Similarly, weed control on the relatively small amount of 
state land within the project area is under state control. As mentioned earlier in the report, that state 
land is managed by the ODSL in Bend, Oregon.

The Burns and Lakeview BLM Districts use their computer-based GIS to map and store weed location 
and infestation information on BLM land in the Guano and Thousand-Virgin Sub-basins. Sheldon-
Hart Mountain National Wildlife Refuge Complex also uses a GIS but their entered weed data is not 
current and cannot be mapped with the BLM data. Map 2-8 shows the recorded weed locations in 
the Burns and Lakeview BLM District lands within the project area. Note that most of the known 
weed occurrences are along roads. Greater documentation of weeds along roadways is likely related 
to vehicles being a primary vector of weed spread and road corridors being easily observed. The BLM 
does attempt to do some systematic surveys of road less areas, but those efforts are limited due to 
funding and other resource restraints.

The marked weed sites on Map 2-8 have been treated and are systematically monitored. Multiple 
treatments are performed if needed. Most of the weed sites marked on Map 2-8 have not had actively 
growing weeds during their latest monitoring, but seeds of many weeds can remain viable in the soil 
for many years. Overall, public lands in the project area are relatively free of noxious weeds, but even 
without new introductions, that may not remain true if diligent monitoring and treatment is not 
maintained.
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In comparison to those on public lands, weed infestation locations on private lands within the sub-
basins are not well documented. There is generally no requirement for private landowners to report 
infestation information (species present, size, etc.). That usually changes when a private landowner 
chooses to participate in most cooperative agreements with government agencies and other public 
entities to treat their weeds. Through that avenue, more private infestation information is becoming 
known, but to-date there is not much public information on private land weed infestations within 
the project area. 

The resulting picture of the combined known public land information and partially known private 
land weed infestation information indicates the project area is relatively free of noxious weeds. The 
general success in keeping weeds out of the Oregon portions of the two sub-basins can be attributed 
to active programs by the BLM, the USFWS, the state, counties and private individuals. That success 
though is also a source of concern, as alone it may lead to complacency toward the potential problems 
the sub-basins face. The history of weed management is full of stories about the lack of attention 
and action during the initial stages of weed invasions. Increasing weed problems in other parts of 
southeast and south-central Oregon, and northern Nevada will require increasing diligence to keep 
the lands in the Guano and Thousand-Virgin Sub-basins as weed-free as they currently exist.

For the most part, weed control on the private lands within the project area is ultimately left to the 
landowners. Both Harney and Lake Counties have chosen to emphasize weed education and awareness, 
and to seek willing cooperation of the landowners on weed control. Wide varieties of cooperative 
programs are available to landowners from the various county, state and federal agencies. Those 
programs range from education efforts, to cooperative financial agreements on control, to essentially 
total weed control activities by the agencies at the landowner’s request. Many of the situations where 
total weed control is performed involve small land parcels and absentee landowners.

Federal law now allows spending federal dollars on private land weed infestations if doing so benefits 
federal land. The most positive result of this is that federal weed control specialists can quickly act to 
manage private land infestations. This is especially effective against small, new infestations before they 
expand and need to be dealt with on a planned cooperative effort, at a large scale. To keep the Guano 
and Thousand-Virgin Sub-basins relatively weed free, two control strategies are needed: 1) larger scale 
programs to monitor and control known infestations, and 2) efficient, on-going, tactical programs to 
quickly address new infestations.

An evolving, important facet of weed management is the planned systematic monitoring and control 
of potential infestations at sites of other management activities. These are especially needed in cases 
where the other management activity will involve ground disturbance such as mechanical juniper 
control, controlled burns, etc. Noxious weed monitoring and control are built into those other plans, 
and usually include pre-activity monitoring, systematic post-activity monitoring and a described 
plan of weed control, if needed. It was not too long ago that this type of systematic monitoring and 
control was not performed. New weed infestations were then dealt with when finally discovered – 
sometimes not until they were relatively large and highly persistent. The most effective of these plans 
has treatment efforts (i.e. spraying of observed noxious weeds) built into the first monitoring after the 
other management activity has been completed.
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Of the three largest land management groups in the Guano and Thousand-Virgin Sub-basins, the 
Burns BLM District has most successfully built this responsive weed control protocol into their 
recent management activities. The Lakeview BLM District will implement similar protocols into 
their highest priority management plans in 2010. The Sheldon-Hart Mountain National Wildlife 
Refuge Complex is attempting to also get a similar program going in 2010, but may have the start date 
delayed due to implementation difficulties. As expected, adding these planned weed monitoring and 
control efforts adds significant cost to any management action, but in the long-term, savings should 
be realized.

Weed control programs are changing from older methods of simply applying the most effective 
chemical control agent or physical removal, to more ecologically-based management. Chemical 
control and physical removal are still used, but the newer, more holistic processes use an understanding 
of the biology of the weeds and the ecology of the local ecosystem. They focus on developing and 
maintaining desired plant communities. Effective, least-toxic and least-disruptive management 
methods are preferred, as the side effects of harsh chemical or mechanical treatments can in some cases 
be counter-productive. Weed control is also becoming increasingly prioritized within the framework 
of overall management for an area and overall management goals often dictate the methods of weed 
control. 

Newer weed management programs and processes go by a variety of names and acronyms, many of 
which reflect the broadening focus. For example, EBIPM, Integrated Vegetation Management (IVM), 
Invasive Vegetation Management (IVM), Integrated Plant Management (IPM), Invasive Plant 
Management (IPM) and others are all used by various groups with similar goals. Anyone seeking 
information about these processes can contact county weed groups and land management agencies, 
as mentioned above for the project area. In addition, many of these entities have internet sites with 
information about their programs. 

Appendix G lists the plant species that are currently on the Harney County Weed Board and ODA 
lists of noxious weeds, which may be found in the project area.

Medusahead

Medusahead Figure 2-6 is a fast-spreading, exotic, 
annual grass species which is invading sagebrush 
communities throughout the Intermountain region 
of the western United States. This aggressive noxious 
weed can invade plant communities dominated by 
both native plants and by other non-native species. 
Once established it can replace valuable native 
species, change the ecosystem functioning and 
habitat value of the sites, alter the fire regime of the 
invaded communities, decrease biological diversity 
and greatly reduce biological production, for both 
wildlife and livestock. These alterations can add to Figure 2-6. Medusahead.
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very significant ecological changes to an invaded area. When viewed on a large scale, the un-checked 
spread of this species could also result in dramatic, damaging changes to the livestock industry and to 
small communities in the Intermountain west. 

The competitive success of medusahead is due to many biological factors. It is a winter annual, 
meaning it germinates in the fall and not only does it survive the winter, it can have significant winter 
root growth. With developed root systems, the plants in the spring are ready to rapidly capture soil 
moisture and nutrients. They are also ready for rapid aboveground growth in the spring, which they 
do even in cool weather. Medusahead growth can be significant before most perennials begin to grow 
in the spring. Its use of the readily available water and nutrients effects the potential growth of those 
perennials. Medusahead is a prolific seed producer - up to 6,000 per square foot, once established 
on a site. Those seeds mature early, and thus have many months to be spread before fall germination 
(Smith 2010).

These mentioned features describe a species which can quickly colonize available space due to unusual 
growth period and massive seed production. However, there are other features which allow it to 
become even more invasive and detrimental. Medusahead plant materials have a high silica content 
making it largely unpalatable to wildlife and livestock except for a short time period in the early 
spring when it is small. Once the seeds are produced and the individual plants die, that silica content 
makes the plant bodies slow to decompose. Where thick, the dead stalks and seed heads form a dense 
litter mat. That mat can alter the temperature and moisture regimes of the soil surface, reducing seed 
survival and germination of other species. 

When the mat dries in successive summers it 
becomes a layer of fine, dry fuel that can increase the 
severity of potential fires. Compare this potential 
fire situation of a large continuous litter mat to the 
replaced communities of relatively widely spaced 
perennial bunchgrasses which do not form a litter 
mat. In those perennial bunchgrass communities, 
fires are often slow to travel and they often only 
burn in spotty patterns. Effectively medusahead can 
increase the number of fires over time at any specific 
location due to the likelihood of every fire burning 
essentially all parts of a colonized area. Also after a 
fire, medusahead has a remaining seedbed ready to 
quickly re-colonize the area with potentially even 
greater plant cover than it had before the fire. 

Medusahead is adaptable and can grow in a variety of soil types, temperatures, elevations and 
precipitation regimes. In addition, because it is an annual, medusahead regularly remixes its genes, in 
theory making the species more adaptable to any given set of environmental conditions (Smith 2010).

Figure 2-7. Medusahead Litter Mat.
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These biological factors make medusahead a successful invader of many shrub steppe habitats which 
historically had native herbaceous understories. Once medusahead is on a site, characteristics of the 
usual vegetation of that community will eventually be affected. In a study east of Burns, Oregon, Davies 
and Svejcar (2008) found these botanical differences in invaded (with medusahead) communities 
and non-invaded communities:

• Non-invaded communities had greater cover and density of all native herbaceous functional groups 
than did invaded communities.

• Large perennial grass cover was 15-fold greater in non-invaded communities.
• Sagebrush cover was greater in the non-invaded communities.
• Perennial and annual forb production was 1.9- and 46-fold greater in non-invaded communities.
• Species richness and diversity was greater in the non-invaded communities.

In addition to these specific vegetation differences, Davies and Svejcar (2008) calculated that due to 
the low forage value of medusahead and the relatively high value of most species lost during invasion, 
overall livestock forage value was reduced by 90%. This compares to an earlier study (Hironaka 1961) 
in which reduced forage value was estimated to be 50-80%. Even at a 50% reduction, forage is greatly 
decreased, and the economics of grazing are greatly changed. At 90% reduction in forage, there may 
be no value to graze an area when the required costs are compared to the potential return. 

There are confounding factors which add to the challenges of dealing with medusahead invasions. 
Possibly foremost is that land management agencies and landowners are already committed to dealing 
with a variety of other invasive plants – both other noxious weeds and in southeast Oregon, juniper 
and cheatgrass. With some of those plants, specifically other noxious weeds and cheatgrass, some 
control measures may be similar or overlapping between medusahead and the other species, allowing 
slight efficiencies in treatment. However, with juniper, essentially all practical control measures (i.e. 
controlled burning and cutting) present the possibility, due to disturbance, of opening an area to 
quick invasion by medusahead if significant care is not taken. Then too, not controlling juniper will 
eventually lead to environments easily invaded by medusahead and other undesirable species, be they 
noxious weeds or not.

In parts of the current medusahead range in the Intermountain west, control practices are limited due 
to legal restraints. That is true in the Guano and Thousand-Virgin Sub-basins, as the Oregon BLM is 
currently not allowed to use one of the most effective medusahead chemical control agents due to an 
on-going legal ruling. However, that herbicide is still legal on private land in Oregon.

Even where available, herbicide use alone is not a complete answer to medusahead invasions. There 
has to be an integrated approach, which not only controls the medusahead, but which also enhances 
the success of desirable plants with at least some ability to eventually compete successfully with 
further invasions. Control programs with the characteristics required for success are very expensive 
both financially and in other limited resources. 
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The long term and practical answer to medusahead invasions is prevention rather than elimination 
and restoration (Davies and Svejcar 2008, Davies and Sheley 2007, Davies 2008, Davies and Johnson 
2008, Miller et al. 1999, Smith 2010). Prevention though is in itself expensive, requiring diligent 
observations for new establishment sites, plus control measures, mapping and monitoring once new 
medusahead sites are found. However, the price of prevention is small compared to the price of 
allowing medusahead to become established (Davies and Johnson 2008, Smith 2010).

Issues, concerns, and action items

Juniper
• Increase public awareness of the problem with spreading juniper and its effects on watershed health.
• Continue to support and assist local efforts to control juniper.

Cheatgrass
• Strive to maintain cheatgrass at current or less cover amounts.
• Increase public awareness of cheatgrass and its effects on watershed health.
• Continue to support and assist local efforts to control cheatgrass.

Noxious Weeds
• Strive to maintain noxious weeds at current or smaller amounts.
• Increase public awareness of weed problems and their effects on watershed health.

Medusahead
• Partner and cooperate with stakeholders to secure funding for control efforts.
• Increase public awareness of the impacts of medusahead.
• Increase public awareness of methods to reduce spread of medusahead.
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Basin Characteristics

Climate
The Guano and Thousand-Virgin sub-basins are predominantly semiarid. Average annual precipitation 
for the area is less than 10 inches, falling mainly as snow in the winter and rain in spring. A precipitation 
map series (Map 3-1 thru Figure 3-3) shows several areas in the project that receive less than 10 inches 
annually, a few prominent uplands that receive about 15 inches annually, about 25 inches annually on 
Hart Mountain, and occasionally over 33 inches annually atop Steens Mountain. In some instances, 
these differences occur within a few miles of each other. 

The project area is uniformly cold. Average maximum and minimum temperatures during the normal 
growing season, April through June, are approximately 68 and 35°F, respectively. Frosts can occur 
any week of the year. Cold springs mean minimum temperatures can offset or minimize benefits 
derived from favorable moisture conditions. When monitoring responses to climate and/or resource 
management strategies, mean minimum temperatures in spring are especially significant for evaluating 
results.

Average annual precipitation on basin floors is about 10 to 12 inches (25-30 cm), most of which 
falls between November and January. A second peak in precipitation occurs between April and 
June. Though intense local thundershowers are common during the summer months, much of this 
precipitation is local and lost through evaporation. Winter snowfall can account for up to 30% of the 
precipitation in the Basins. Average minimum and maximum temperatures range between 15°F and 
23°F and annual maximum temperatures range between and 65°F to 91°F (30 year averages, 1971-
2000)(Map 3-2 thru Map 3-3).

Implications of Climate and Environmental Change

Climate is one of the primary factors shaping the ecological and productive potential of watersheds. 
In view of the fact that management of western watersheds is largely based on records since 1900 and 
a pertinent question becomes “Do these records adequately represent the long-term risk to water 
resources from sustained drought?” Tree-ring reconstructions of precipitation and streamflow from 
A.D. 1260 to 1998 for the Bighorn Basin of northern Wyoming/southern Montana and from the 
Uinta Basin of northeastern Utah show that regional hydro climatic variability decreased post-1900 
compared to the previous 640 years. Both single-year and decadal-scale droughts were more severe 
before 1900, and multi-year droughts tended to last much longer. These reconstructions also show 
that regional droughts of magnitude and duration similar to the 1999-2004 drought have been 
common occurrences for at least the last seven centuries. 
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Results from a study in the Uinta Basin of northeastern Utah (Gray et al. 2004) demonstrated that 
single-year droughts in this region also tended to be more severe than those after 1900, and multi-year 
droughts were longer and more severe prior to 1900. In particular, dry events in the late 13th, 16th 
and 18th Centuries surpass the magnitude and duration of droughts seen in the Uinta Basin after 
1900. The last four decades of the 20th Century represent one of the wettest periods since A.D. 1226. 

Given the overall wetness and lack of extreme droughts in the twentieth century, water-planning based 
on post-1900 records may underestimate the risk of drought in the Northern Great Basin and adjacent 
areas. Average precipitation and stream discharge values, though interesting for annual and regional 
comparisons, cannot reflect the more important influence of extreme climatic variation common 
to arid and semi-arid regions. One must necessarily consider the potential impacts and mitigation 
strategies for prolonged episodes of non-average weather events on local water storage capacity and 
demands. Given the climate of only the last century, the Guano and Thousand Virgin sub-basins 
(or the entire Malheur Lake Basin for that matter) would require surface water storage sufficient to 
mitigate the effects of a string of five drought years, or, conversely, to withstand five consecutive wet 
years.

Studies show instead that mitigation and planning efforts must consider a wider range of climatic 
scenarios, including droughts of different lengths, magnitudes, and intensities than those observed 
since 1900. Managers should also consider numerous combinations of wet/dry events in their 
decision-making. Furthermore, planning efforts could focus more on the potential for long-duration 
dry events rather than average values for water availability. 

In the Guano and Thousand Virgin sub-basins it seems important to explore long term climate 
patterns through dendroclimatological1 methods, to relate these results to other regional proxy data, 
such as the well-dated fossil records and stratigraphy2 and geomorphology3 of alluvial and dune 
sequences. Meanwhile, agencies  and individuals in the watersheds need to contemplate their water 
storage capacities.

Issues, concerns, and action items
• Increase the understanding of land owners, land managers and the general public on the influence 

and limitations of the climate of the area on its watershed attributes and functioning.

1 The study of the relation between the annual rings of trees and past climates
2 The way in which rock strata are arranged, and the chronology of their formation
3 Study of landforms and the processes that shape them



Map 3-1. Annual Precipitation Map, 30 year average, (NRCS)
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Figure 3-1. Monthly Average Precipitation for January -April, 30 year average, (NRCS)
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Figure 3-2. Monthly Average Precipitation for May - August, 30 year average, (NRCS)
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Figure 3-3. Monthly Average Precipitation for September - December, 30 year average, (NRCS)



Map 3-2. Annual Maximum Temperatures, 30 year average, (NRCS)
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Map 3-3. Annual Minimum Temperatures, 30 year average, (NRCS)
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Figure 3-4. Regional Level III Ecological 
Regions (EPA).
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Geology
Understanding the geologic setting and significant part of the past climate of an area, will allow a 
greater understanding of the physical and ecological settings of any area. Physical and ecological 
features are central in evaluating watershed functioning. The project area (Guano and Thousand-
Virgin Sub-basins) has a history of significant geologic upheaval including volcanism, faulting and 
the uplifting and falling of adjacent landmasses. Weathering, erosion and subsequent deposition of 
sediments further altered the landscapes. The climate of the area has changed over long time scales 
between both very wet and dry. 

Geologic Setting

The Guano and Thousand Virgin sub-
basins are located in the Northern Basin and 
Range Ecological Region in North America 
(Figure 3-4). In Oregon, the region covers 
about 14.5 million acres, mainly in Lake, 
Malheur, and Harney counties. The physical 
landscape largely results from faulting, 
volcanism, erosion of volcanic sediments, 
uplifting of crustal blocks, and deposition 
in local closed basins. These large and small 
closed basins often sport shore features 
formed by the erosive forces of wave action 
and currents on the shores of Pleistocene 
pluvial lakes. Interspersed in this pattern 
of closed basins, lake, and stream terraces 
are low basaltic ridges (Catlow Rim), hilly 
uplands, and isolated buttes such as Beatys Butte, to block-faulted igneous formations such as Steens, 
Hart mountains, and Poker Jim Ridge.

North-trending fault-block mountains and basins of valleys (Figure 3-5) into which sediments from 
the hills and mountains are spread characterize Guano and Thousand Virgin sub-basins. The area lies 
above 4,000 feet in elevation. Hart Mountain/Poker Jim Ridge Range (western border of the Guano 
Sub-basin) - is also a block-fault with a steep scarp that is 5,000 feet high in places. This mountain 
range slopes gently eastward to the wide Catlow Valley, a down-dropped block that held a large 
Pleistocene pluvial lake and is now a nearly dry alluvial basin. The Jackass Mountains at the north end 
of the Catlow Valley are a westward tilted fault-block, which form the western margin of the Donner 
and Blitzen Valley near Frenchglen. The Steens Mountains and Pueblo Mountains on the east and 
south of Catlow Valley are west-tilted fault-blocks. The Steens Mountains with a steep scarp more 
than 5,000 feet high on the east side is the most impressive range in the basin and-- is thoroughly 
dissected by erosion. The cirques and U-shaped valleys of the Blitzen, Little Blitzen drainages, Indian 
creek, and Kiger creek attest to the erosive power of glaciers. 
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Figure 3-5. Block faulting
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 Catlow Valley is roughly 50 miles long in its greatest length and 30 to 40 miles in maximum width. 
The high tableland formed by the great lava flows of the Tertiary Period close in the western side of 
the valley. Thus, the Hart Mountain Refuge consists of mountainous upland and lava tableland. The 
mountainous uplands occur mostly along the western boundary of the Refuge and represent about 
one-fourth of the Refuge land mass. High lava tableland lies to the east and comprises most of the 
rest of the refuge. Though Warner Peak rises to 8,017 feet, the greatest percentage of the Refuge 
consists of lava tableland. Numerous playas, lakebeds, and remnant volcanic landforms are scattered 
over this area. The tableland gently slopes to the east toward Catlow Valley. Groups of dome-shaped 
hills, intermediate Hills, are generally located between the lava tablelands and mountainous upland. 

The term “pluvial” comes from the Latin word for rain. A pluvial lake is a former large lake dating 
from a period of abundant rain and reduced evaporation coincident with Pleistocene glacial episodes. 
Thus, remnants of ancient pluvial lakes suggest periods when Pleistocene climatic circulation patterns 
brought glaciers to Great Basin Mountains and lakes to its presently arid valleys. The largest of 
these lakes were Lake Bonneville, mostly in 
northwest Utah, and Lake Lahontan, mostly 
in northwest Nevada. Lake Bonneville 
covered nearly 20,000 square miles and 
reached a depth of 1000 feet. The only 
remaining lake is the Great Salt Lake. Lake 
Lahontan once spread over 8,500 square 
miles. Today, Pyramid and Walker lakes are 
the principle remnants of this once large 
lake. These two lakes persist by direct inflow 
from the Sierra Nevada via the Walker and 
Truckee rivers. Dry playas, remnant marshes, 
and shoreline features identify other formerly 
flooded basins including Catlow and Guano 
pluvial lakes.

Mapping the Pleistocene Lakes.

The lakes are presented at the highest of 
the wave cut shorelines identified by Pete 
Mehringer.

Lake Catlow perimeter is approximately 4770 
feet.

Lake Guano perimeter is approximately 5230 
feet.



Map 3-4. Pleistocene Lake Catlow and Lake Guano
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In summary, geologists believe there were once two pluvial lakes within the Guano sub-basin, Guano 
and Catlow Lakes (Map 3-4). Of those, Pluvial Lake Catlow was larger and lower in elevation. 
Currently, water in Guano Creek runs through the area where Pluvial Lake Guano once existed. 
Today, Guano Creek eventually empties into the land once occupied by Pluvial Lake Catlow. The 
location of separation of these two lakes is uncertain. That uncertainty is due to the fact the highest 
known remnants of each lake are at different elevations. This difference in elevations suggests a dam-
like feature between the two keeping the water levels separated from each other. There is no known 
evidence for that feature or where it existed. The other possibility for explaining the difference in 
elevations of these two lakes is that they changed overtime by tectonic activity. That would imply that 
the two pluvial lakes could have simply been one lake, which now only appears to have been two. 

Issues, concerns, and action items
• Increase the understanding of land owners, land managers and the general public on the influence 

and limitations of the geology of the area on its watershed attributes and functioning
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Soils

Soil Formation

Soils are a product of five influences, or soil-forming factors. The five factors are climate, topography, 
living organisms, time, and parent material ( Jenny, 1941). These factors affect the physical and 
chemical weathering processes and determine the characteristics of soils.

Moisture, temperature, and other climatic features affect the development of soils. Precipitation leaches 
soluble compounds in soils, and the rate of chemical reaction increases as temperature increases.

The topography of the landscape on which a soil exists affects soil properties. Different soils develop 
on active, steep slopes than on stable, level slopes because of the differences in the rate of erosion and 
deposition. The microclimates1 on steeper slopes are also different. North-facing slopes have cooler 
temperatures and more effective moisture than do south-facing slopes.

Living organisms, including both plant and animals in and on the soil, affect the physical and 
chemical properties of the soil. The rate of organic matter accumulation in a soil is dependent on the 
biologic community associated with the soil. Animals such as ants and cicadas burrow into the soil 
and incorporate organic matter, commonly improving porosity and soil structure.

Soils show the effect of time in their appearance. Older soils on stable landforms develop more 
pronounced soil layers, or horizons. Clayey subsoil is an example of development in an older soil. Young 
or recent soils, such as those adjacent to stream terraces, may not exhibit distinct soil development.

Parent material is the mineral and organic material in which a soil develops. Examples of parent 
material are tuff and basalt, alluvial sediment from mixed sources, and slightly decomposed organic 
plant material.

Each of the different soils in the survey area has a unique combination of soil-forming factors. The 
factors do not act alone, and they always act in conjunction with the other factors.

Soil Conditions

Soils in the terrace and basin portions of the High Desert Province range from deep loam to deep 
clayey soils in basins, and from deep sandy to shallow clayey soils on terraces and fans. On some 
terraces and fans, the soil surface may be extremely stony. This condition might be related to thin 
surface flows of basalt that have fractured or to colluvial action2 compounded by eolian or water 
removal of fine sediments.

Upland terraces occur on some igneous mountains such as Hart Mountain. The sloping upland terrace 
landform represents an outflow of igneous tuffaceous material that characteristically weathers into 
dense clay. Usually, these upland clayey terraces have a surface cover of basalt stones but soil beneath 

1 The climate of a confined space or small geographic area
2 Loose rock and soil at the base of a cliff or steep slope



3-14 

Guano & Thousand-Virgin Sub-basins Watershed Assessment 

is not stony. This suggests that a thin layer of basalt deposited on the surface after the tuffaceous 
underlying material had formed the upland terrace landform. The upland clayey terraces usually 
support stands of low sagebrush.

Soils developed on basaltic uplands may be moderately deep to very shallow and stony or gravelly, and 
they may be extremely rocky. They are generally slightly acidic in surface layers to slightly alkaline in 
the subsoil.

Soils on the basin lake plains that are subject to a fluctuating water table have a high level of salinity 
and alkalinity. Through a process called evaporative recharge, salts and sodium are accumulating on 
the soil surface. Evaporative recharge occurs in areas where a seasonal high water table is near the soil 
surface. Water moves upward to the soil surface by capillary migration. This rising water carries with it 
dissolved salts. Evaporation of the water then concentrates the salts on the soil surface, which appear 
as a white crust. A limited number of plant species are adapted to these saline conditions.

Soils in the Guano and Thousand-Virgin sub-basins: 

The following soil descriptions (or map units) are taken from the “Soil Survey of Harney County 
Area” (NRCS).

The map units show broad areas that have a distinctive pattern of soils, relief, and drainage. The map 
units have been grouped into six broader groups based on landform, climate, and vegetation. Each map 
unit is a unique natural landscape. Typically, it consists of one or more major soils or miscellaneous 
areas and some minor soils or miscellaneous areas. It is named for the major soils or miscellaneous 
areas. The components of one map unit can occur in another but in a different pattern. The map units 
can be used to compare the suitability of large areas for general land uses. Areas of suitable soils can 
be identified on the map. Likewise, areas where the soils are not suitable can be identified. Because of 
the small scale, the map units are not suitable for planning the management of a farm or field or for 
selecting a site for a road or building or other structure. The soils in any one map unit differ from place 
to place in slope, depth, drainage, and other characteristics that affect management.

Warm Soils on Lake Plains, Lake Terraces, and Low Hills

Alvodest-Droval-Playas

Somewhat poorly drained, very deep soils that formed in lacustrine sediment; on lake plains
• Elevation: 4,000 to 4,600 feet
• Average annual precipitation: 7 to 10 inches
• Average annual temperature: 45 to 49 degrees F
• Frost-free period: 80 to 100 days
• Slope: 0 to 3 percent
• Dominant vegetation: black greasewood (Sarcobatus vermiculatus (Hook.) Torr.), inland saltgrass 

(Distichlis spicata (L.) Greene), basin wildrye (Leymus cinereus (Scribn. & Merr.) A. Löve)
• Minor components: Ozamis, Icene, Mesman, Boravall, and Dixon soils
• Major uses: Livestock grazing, wetland wildlife habitat
• Major soil limitations: Wetness, alkalinity, salinity
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Spangenburg-Enko-Catlow

Well drained and moderately well drained, very deep soils that formed in alluvium and lacustrine 
sediment; on low lake terraces

• Elevation: 4,200 to 5,500 feet
• Average annual precipitation: 8 to 10 inches Average annual temperature: 45 to 49 degrees F
• Frost-free period: 80 to 100 days
• Slope: 0 to 20 percent
• Dominant vegetation: Basin big sagebrush (Artemisia tridentata Nutt. ssp. tridentata), Wyoming 

big sagebrush (Artemisia tridentata Nutt. ssp. wyomingensis Beetle & Young), beardless wildrye 
(Leymus triticoides (Buckley) Pilg.), bluebunch wheatgrass (Pseudoroegneria spicata (Pursh) A. Löve 
ssp. spicata), Thurber’s needlegrass (Achnatherum thurberianum (Piper) Barkworth), basin wildrye, 
Indian ricegrass (Achnatherum hymenoides (Roem. & Schult.) Barkworth), needle and thread 
(Hesperostipa comata (Trin. & Rupr.) Barkworth)

• Minor components: Outerkirk, Norad, Goldrun, Defenbaugh, Rio King, and Nevador soils
• Major uses: Livestock grazing, irrigated alfalfa production
• Major soil limitation: Hazard of wind erosion

Atlow-Tumtum-Deppy

Well drained, shallow soils that formed in old alluvium, residuum, and colluvium; on high lake 
terraces and low hills

• Elevation: 3,400 to 5,300 feet
• Average annual precipitation: 7 to 10 inches
• Average annual temperature: 45 to 49 degrees F
• Frost-free period: 80 to 100 days
• Slope: 2 to 50 percent
• Dominant vegetation: shadscale saltbush (Atriplex confertifolia (Torr. & Frém.) S. Watson), bud 

sagebrush (Picrothamnus desertorum Nutt.), Wyoming big sagebrush, bluebunch wheatgrass, Indian 
ricegrass, Thurber’s needlegrass

• Minor components: Kerrfield, Bruncan, Vining, and Ladycomb soils
• Major use: Livestock grazing
• Major soil limitations: Hazard of water erosion, soil depth, low available water capacity

Warm Soils on Hills, Plateaus, and Mountains

Felcher-Skedaddle

Well drained, very shallow to moderately deep soils that formed in colluvium and residuum; on 
mountains and hills

• Elevation: 4,100 to 7,100 feet
• Average annual precipitation: 8 to 12 inches
• Average annual temperature: 45 to 49 degrees F
• Frost-free period: 80 to 100 days
• Slope: 20 to 70 percent
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• Dominant vegetation: Wyoming big sagebrush, shadscale saltbush, bud sagebrush, Indian ricegrass, 
bluebunch wheatgrass, Thurber’s needlegrass, desert needlegrass (Achnatherum speciosum (Trin. & 
Rupr.) Barkworth)

• Minor components: Westbutte and Fitzwater soils
• Major use: Livestock grazing
• Major soil limitations: Hazard of water erosion, soil depth, steepness of slope, low available water 

capacity

Cool Soils on Lake Terraces, Lake Plains, and Fans

Fury-Skunkfarm-Housefield

Somewhat poorly drained to very poorly drained, very deep soils that formed in lacustrine sediment; 
on lake plains

• Elevation: 4,000 to 5,100 feet
• Average annual precipitation: 8 to 10 inches
• Average annual temperature: 43 to 45 degrees F
• Frost-free period: 50 to 80 days
• Slope: 0 to 2 percent
• Dominant vegetation: Nebraska sedge, Baltic rush, beardless wildrye, hardstem bulrush 

(Schoenoplectus acutus (Muhl. ex Bigelow) A. Löve & D. Löve), broadfruit bur-reed (Sparganium 
eurycarpum Engelm.), common spikerush (Eleocharis palustris (L.) Roem. & Schult.), basin wildrye

• Minor components: Widowspring, Skidoosprings, Degarmo, Opie, and Mcbain soils;
• Cumulic Haploxerolls; Jimgreen soils
• Major uses: Livestock grazing, native hay production, wetland wildlife habitat
• Major soil limitation: Wetness

Poujade-Ausmus-Swalesilver

Moderately well drained and somewhat poorly drained, very deep soils that formed in lacustrine 
sediment and alluvium; on lake terraces and lake plains

• Elevation: 4,000 to 4,500 feet
• Average annual precipitation: 8 to 10 inches
• Average annual temperature: 43 to 45 degrees F
• Frost-free period: 50 to 80 days
• Slope: 0 to 5 percent
• Dominant vegetation: Basin big sagebrush, black greasewood, silver sagebrush (Artemisia cana 

Pursh), basin wildrye, inland saltgrass, beardless wildrye, Sandberg bluegrass (Poa secunda J. Presl)
• Minor components: Skidoosprings, Crowcamp, The narrows, Fury, Duckclub, and Lolak soils; 

Playas; Opie soils
• Major uses: Livestock grazing, irrigated alfalfa production, wetland wildlife habitat
• Major soil limitations: Wetness, alkalinity, salinity

Reallis-Vergas-Lawen

Well drained, very deep soils that formed in alluvium; on lake terraces and fans
• Elevation: 4,000 to 6,000 feet
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• Average annual precipitation: 8 to 12 inches
• Average annual temperature: 43 to 45 degrees F
• Frost-free period: 50 to 80 days
• Slope: 0 to 8 percent
• Dominant vegetation: Basin big sagebrush, Wyoming big sagebrush, Thurber’s needlegrass, needle 

and thread
• Minor components: Carvix, Widowspring, Voltage, Swaler, Swalesilver, and Sandgap soils
• Major uses: Livestock grazing, irrigated alfalfa production
• Major soil limitation: Hazard of wind erosion

Cold Soils on Mountains

Baconcamp-Clamp-Rock outcrop

Well drained, shallow and moderately deep soils that formed in colluvium; on mountains
• Elevation: 5,100 to 9,700 feet
• Average annual precipitation: 12 to 40 inches
• Average annual temperature: 40 to 43 degrees F
• Frost-free period: 30 to 50 days
• Slope: 5 to 80 percent
• Dominant vegetation: mountain big sagebrush (Artemisia tridentata Nutt. ssp. vaseyana (Rydb.) 

Beetle), antelope bitterbrush (Purshia tridentata (Pursh) DC.), Idaho fescue (Festuca idahoensis 
Elmer ssp. idahoensis), rough fescue (Festuca campestris Rydb.), tufted hairgrass (Deschampsia 
cespitosa (L.) P. Beauv.), sheep fescue (Festuca ovina L.)

• Minor components: Hackwood, Duff, Krackle, Hapgood, Leemorris, Gilispie,
• Buckwilder, and Dickle soils
• Major uses: Livestock grazing, wildlife habitat, recreation
• Major soil limitations: Steepness of slope, hazard of water erosion, short growing season, soil depth
• Cool Soils on Shrub- and Grass-Covered Plateaus, Hills, and Mountains that Receive 8 to 16 Inches 

of Precipitation

Raz-Brace-Anawalt

Well drained, shallow and moderately deep soils that formed in alluvium and colluvium; on plateaus 
and hills that receive 8 to 12 inches of precipitation

• Elevation: 4,100 to 6,200 feet
• Average annual precipitation: 8 to 12 inches
• Average annual temperature: 43 to 45 degrees F
• Frost-free period: 50 to 80 days
• Slope: 0 to 30 percent
• Dominant vegetation: Wyoming big sagebrush, low sagebrush, Thurber’s needlegrass, bluebunch 

wheatgrass, Indian ricegrass, needle and thread, Sandberg bluegrass
• Minor components: Actem, Robson, Carryback, and Lonely soils
• Major use: Livestock grazing
• Major soil limitations: Soil depth, low available water capacity, hazard of water erosion
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• Cool Soils on Forested and Shrub- and Grass-Covered Hills and Mountains that Receive 12 to 18 
Inches of Precipitation

Merlin-Observation-Lambring

Well drained, shallow, moderately deep, and very deep soils that formed in residuum and colluvium; 
on shrub- and grass-covered hills and mountains

• Elevation: 4,900 to 6,600 feet
• Average annual precipitation: 12 to 16 inches
• Average annual temperature: 40 to 45 degrees F
• Frost-free period: 50 to 80 days
• Slope: 0 to 70 percent
• Dominant vegetation: western juniper, curl-leaf mountain mahogany (Cercocarpus ledifolius Nutt. 

var. ledifolius), low sagebrush, mountain big sagebrush, antelope bitterbrush, Idaho fescue, onespike 
oatgrass (Danthonia unispicata (Thurb.) Munro ex Macoun), basin wildrye

• Minor components: Doyn, Teguro, and Vitale soils
• Major use: Livestock grazing
• Major soil limitations: Steepness of slope, hazard of water erosion, soil depth

Atlow-Tumtum-Deppy

Well drained, shallow soils that formed in old alluvium, residuum, and colluvium; on high lake 
terraces and low hills

• Elevation: 3,400 to 5,300 feet
• Average annual precipitation: 7 to 10 inches
• Average annual temperature: 45 to 49 degrees F
• Frost-free period: 80 to 100 days
• Slope: 2 to 50 percent
• Dominant vegetation: shadscale saltbush, bud sagebrush, Wyoming big sagebrush, bluebunch 

wheatgrass, Indian ricegrass, Thurber’s needlegrass
• Minor components: Kerrfield, Bruncan, Vining, and Ladycomb soils
• Major use: Livestock grazing
• Major soil limitations: Hazard of water erosion, soil depth, low available water capacity

Ninemile-Westbutte-Carryback

Well drained, shallow and moderately deep soils that formed in residuum and colluvium; on plateaus, 
hills, and mountains that receive 12 to 16 inches of precipitation

• Elevation: 4,000 to 7,000 feet
• Average annual precipitation: 12 to 16 inches
• Average annual temperature: 40 to 45 degrees F
• Frost-free period: 50 to 80 days
• Slope: 0 to 65 percent
• Dominant vegetation: western juniper, low sagebrush, mountain big sagebrush, Idaho fescue
• Minor components: Pernty, Reluctan, Lambring, Doyn, Teguro, Ateron, and Edemaps soils
• Major use: Livestock grazing
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• Major soil limitations: Steepness of slope, hazard of water erosion, soil depth

Soil Crusts

Biological soil crusts are also known as cryptogamic, microbiotic, cryptobiotic, and microphytic 
crusts, leading to some confusion. The names indicate common features of the organisms that compose 
the crusts. The most inclusive term is probably biological soil crust, as this distinguishes them from 
physical crusts while not limiting crust components to plants. 

Biological soil crusts play a role in a functioning ecosystem. Carbon fixation, nitrogen fixation 
and increased soil oxygen content during active photosynthesis are beneficial contributions to the 
ecosystem resulting from biological soil crusts. The effect of crustal communities on soil/water 
relations is highly site dependent. Soil surface microtopography and aggregate stability are important 
contributions from biological soil crusts, as they increase the residence time of moisture and reduce 
erosive processes. The influence of biological soil crusts on infiltration rates and hydraulic conductivity 
varies greatly. Generally speaking, infiltration rates increase in pinnacled crusts and decrease in flat 
crust microtopographies. The northern Great Basin has rolling biological soil crust microtopography, 
and the infiltration rates are probably intermediate compared to flat or pinnacled crustal systems. 
Factors influencing distribution of biological soil crusts include, but are not limited to the following: 
elevation, soils and topography, disturbance and timing of precipitation. 

Dunes

During the last ice age, large lakes occupied the present dusty basins of southeastern Oregon. Rapid 
drying of these lakes and many of the streams that fed them exposed more than 775 square miles 
of unconsolidated sediment in the Catlow Valley. Much of this freshly exposed sediment, including 
beach sand was eroded and transported by the wind. Some accumulated as dunes, but most covered 
the landscape inconspicuously, replenishing and enriching the soil cover. 

Eolian sand forms dune fields at the mouths of the major streams along the eastern margin of the 
central Catlow Valley, where Pleistocene lakebeds and delta and alluvial deposits are overlain by 
Holocene alluvium and wind-born sand. Skull Creek Dunes are a prime example, located in east-
central Catlow Valley, about 5 miles ESE of Garrison Lake, these dunes present a mosaic of stable and 
active dunes, steep slip faces, abandoned stream channels and broad rolling slopes covering an area of 
around 200 acres. They range between 4488 and 4547 feet elevation and lie 50 feet below the lowest 
strand lines of pluvial Lake Catlow, visible on slopes to the east. The oldest dune sand recognized in 
the Skull Creek Dunes area overlies Pleistocene lake deposits; these dunes stabilized and their surface 
was weathered and eroded more than 8000 years ago -- before the fall of Mazama tephra.

Accumulation of sand renewed and continued through at least two major Mount Mazama ash falls 
(separated by about 160 years) and another, from the Paulina Lake Caldera about 100 years later. A 
soil formed towards the end of this period of eolian activity and eventually dunes began building again. 
Radiocarbon dates beneath (3250 B.P.) and above this soil (1850 B.P.) bracket the stabilizing and soil 
forming event. Before 1850, B.P. dune sand is finally capped by a striking and strongly developed soil. 
Two further episodes of dune building and stability occurred within the past 1000 years.
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Issues, concerns, and action items
• Increase the understanding of land owners, land managers and the general public on the influence 

and limitations of the geology of the area on its watershed attributes and functioning.
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Vegetation
The United States Federal Geographic Data Committee (FGDC) developed geospatial data standards 
that will enable sharing of spatial data among producers and users. To this end, the FGDC Vegetation 
Subcommittee was responsible for creating a federal vegetation classification standard, which it did in 
1997. Revised in 2008, the classification standard is now in use by multiple entities.

This Standard establishes national procedures for classifying existing vegetation for the United States 
and its Trust Territories. With this classification system, U.S. National Vegetation Classification 
(NVC), Federal agencies share vegetation information and facilitate reporting of national statistics 
across ownerships. This Standard also establishes minimum metadata requirements to ensure 
consistent reporting on the status of our Nation’s vegetation resources. Both the NVC and the 
metadata requirements, nationally link to local level vegetation inventory and map efforts.

The NVC overlaps one other federal standard, the FGDC Wetlands and Deep Water Habitats 
Standard (FGDC-STD-004), wherever vegetation exists in wetlands or open water. The NVC 
classifies vegetation primarily according to physiognomic and floristic characteristics, not habitat or 
related characteristics, whereas the Wetlands standard includes soils and other habitat characteristics 
in its classification criteria. The two standards have different purposes and the two classification 
systems are complementary, but different systematic approaches in an overall analysis of an area.

The Northwest Regional Gap Analysis Project (NWGAP) is an update of the Gap Analysis Program’s 
mapping and assessment of biodiversity for the five-state region encompassing Washington, Idaho, 
Oregon, Montana, and Wyoming. It is a multi-institutional cooperative effort coordinated by the 
USGS Gap Analysis Program. The primary objective of the update is to use a coordinated mapping 
approach to create detailed, seamless GIS maps of land cover, all native terrestrial vertebrate species, 
land stewardship, and management status, and to analyze this information to identify those biotic 
elements that are underrepresented on lands managed for their long term conservation, in other 
words, “gaps”. This project began in September 2004 and the data was reviewed by Northwestern 
vegetation ecologists and finalized in December 2008. The State of Oregon further refined the 
NWGAP classification to specific systems found in Oregon.

The State of Oregon data utilizes the NVC and provides a seamless coverage of the project area. This 
vegetation analysis of the Guano and Thousand-Virgin sub-basin uses this data. 

Analysis of the project area revealed 51 separate Ecological Systems (ES) (See Appendix I for 
descriptions of all ES’s). For the purposes of this assessment, the ESs are divided into riparian/wetland, 
upland, and other (e.g., developed, agriculture, or open water)(Table 3-1).
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Table 3-1. Ecological System Totals.

Guano Thousand-Virgin

Percent Acres Percent Acres

Riparian/Wetlands 2.953% 48,379.9 1.133% 1,960.9

Upland 96.782% 1,585,826.5 98.839% 171,003.9

Others 0.265% 4,348.0 0.028% 47.8

Totals 100% 1,638,554.4 100% 173,012.5

Riparian Floodplain and Wetland Vegetation

Within both sub-basins, the predominant ES is the Columbia Plateau Silver Sagebrush Seasonally 
Flooded Shrub-Steppe and the Inter-Mountain Basins Greasewood Flat. (See Table 3-2 for all 
riparian/wetland vegetation)

Table 3-2. Riparian/Wetland vegetation

Guano Thousand-Virgin

Percentage Acres Percentage Acres

Columbia Basin Foothill Riparian Woodland and Shrubland 0.017% 280.5 <0.001% 0.2

Columbia Plateau Silver Sagebrush Seasonally Flooded 
Shrub-Steppe

1.460% 23,916.7 0.359% 621.6

Great Basin Foothill and Lower Montane Riparian Woodland 
and Shrubland

0.003% 51.4 0.000% 0.2

Inter-Mountain Basins Alkaline Closed Depression 0.585% 9,583.4 0.135% 233.6

Inter-Mountain Basins Greasewood Flat 0.660% 10,818.9 0.343% 593.8

North American Arid West Emergent Marsh 0.011% 184.1 0.014% 23.6

Northern Rocky Mountain Lower Montane Riparian Woodland 
and Shrubland

0.012% 198.3 0.002% 3.8

Rocky Mountain Alpine-Montane Wet Meadow 0.099% 1,624.3 0.047% 80.7

Rocky Mountain Lower Montane-Foothill Riparian Woodland 
and Shrubland

0.004% 60.7 - -

Rocky Mountain Subalpine-Montane Riparian Shrubland 0.090% 1,479.7 0.233% 403.4

Temperate Pacific Subalpine-Montane Wet Meadow 0.011% 181.7 - -

Totals 2.953% 48,379.9 1.133% 1,960.9

Columbia Plateau Silver Sagebrush Seasonally Flooded Shrub-Steppe

Oregon Habitat: Big Sagebrush Shrublands and Steppe

Oregon Name/OR Code: Silver Sagebrush/9321

ESLF Code: 9321

Range: Found throughout the intermountain sagebrush ares in the Columbia Plateau, northern 
Great Basin and east almost to the Great Plains.
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Min Elev: 3,000 feet

Max Elev: 8,000 feet

Spatial Pattern: Small patch

Vegetation: Vegetated (>10% vasc.)

Upland: Yes

Wetland: Yes

Description: These are seasonally flooded shrublands and steppe, found in seasonal basins or in 
vernal pools found in a matrix of sagebrush steppe.  Always dominated by silver sagebrush, they vary 
from having fairly high cover of native grasses (bluegrass, muhly and wildrye) to being composed of 
silver sage with exposed white soils and seasonal forbs.  They can be smallish pools of less than 20 
square feet, or giant non-alkaline playas covering more than 5,000 acres, occasionally with Wyoming 
or basin big sagebrush mixed in.

Inter-Mountain Basins Greasewood Flat

Oregon Habitat: Salt Desert Scrub

Oregon Name/OR Code: Black Greasewood/9103

ESLF Code: 9103

Range: Found throughout the western U.S. in the intermountain basins, at lower elevations in 
Washington, east through the western Great Pains south to Texas and west to California.

Min Elev: 1,000 feet

Max Elev: 8,000 feet

Spatial Pattern: Large patch

Vegetation: Vegetated (>10% vasc.)

Upland: Yes

Wetland: Yes

Description: Flats, usually found on the margins of playas and desert lakes, with open tall shrublands 
dominated by black greasewood, sometimes alone, sometimes with other shrubs.  These are usually 
near salt-desert scrub communities, or big sagebrush shrublands or steppe.  While many of these can 
be very sparse, seasonal moisture can support grasses, sometimes with fairly high cover, ranging from 
6 foot basin wildrye to very low saltgrass.

Upland Vegetation

Within both sub-basins, the predominant ES is the Inter-Mountain Basins Big Sagebrush Steppe and 
the Inter-Mountain Basins Big Sagebrush Shrubland. (See Table 3-3 for all upland vegetation)
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Table 3-3. Upland Vegetation.

Guano Thousand-Virgin

Percent Acres Percent Acres
Columbia Basin Foothill and Canyon Dry Grassland 0.043% 702.3 0.018% 30.7

Columbia Plateau Ash and Tuff Badland 0.002% 37.3 0.012% 21.6

Columbia Plateau Low Sagebrush Steppe 10.392% 170,281.5 2.528% 4,372.9

Columbia Plateau Scabland Shrubland 0.331% 5,429.0 0.271% 468.7

Columbia Plateau Steppe and Grassland 1.916% 31,386.9 7.342% 12,702.3

Columbia Plateau Western Juniper Woodland and Savanna 1.292% 21,163.5 0.118% 203.9

Inter-Mountain Basins Active and Stabilized Dune 0.007% 110.1 0.047% 81.7

Inter-Mountain Basins Aspen-Mixed Conifer Forest and Woodland 0.000% 3.0 - -

Inter-Mountain Basins Big Sagebrush Shrubland 14.875% 243,738.8 14.231% 24,622.2

Inter-Mountain Basins Big Sagebrush Steppe 53.813% 881,748.3 66.763% 115,508.6

Inter-Mountain Basins Cliff and Canyon 0.082% 1,347.8 0.009% 15.5

Inter-Mountain Basins Curl-leaf Mountain Mahogany Woodland and 
Shrubland

0.211% 3,461.6 0.006% 10.9

Inter-Mountain Basins Mixed Salt Desert Scrub 0.025% 403.4 0.050% 86.9

Inter-Mountain Basins Montane Sagebrush Steppe 4.721% 77,354.1 0.899% 1,555.3

Inter-Mountain Basins Playa 3.951% 64,731.5 0.713% 1,234.2

Inter-Mountain Basins Semi-Desert Grassland 2.449% 40,130.0 4.251% 7,354.8

Inter-Mountain Basins Semi-Desert Shrub-Steppe 0.003% 52.2 0.002% 2.8

Inter-Mountain Basins Volcanic Rock and Cinder Land 0.010% 160.1 0.088% 152.7

Introduced Upland Vegetation - Annual and Biennial Forbland 0.002% 26.0 0.006% 9.7

Introduced Upland Vegetation - Annual and Perennial Grassland 0.259% 4,237.3 1.015% 1,755.3

Northern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest 0.002% 31.3 - -

Northern Rocky Mountain Lower Montane, Foothill and Valley 
Grassland

0.001% 13.5 - -

Northern Rocky Mountain Montane-Foothill Deciduous Shrubland 0.001% 10.7 - -

Northern Rocky Mountain Ponderosa Pine Woodland and Savanna 0.002% 27.4 - -

Northern Rocky Mountain Subalpine Deciduous Shrubland 0.001% 11.1 0.001% 2.4

Northern Rocky Mountain Subalpine Woodland and Parkland 0.000% 0.2 - -

Northern Rocky Mountain Subalpine-Upper Montane Grassland 0.121% 1,983.1 0.363% 628.3

Recently Burned Grassland 0.704% 11,534.3 0.009% 15.5

Recently Burned Shrubland 1.443% 23,643.8 0.013% 22.8

Rocky Mountain Alpine Bedrock and Scree 0.007% 120.0 0.019% 33.3

Rocky Mountain Alpine Fell-Field 0.000% 3.8 - -

Rocky Mountain Aspen Forest and Woodland 0.100% 1,635.6 0.062% 108.1

Rocky Mountain Cliff, Canyon and Massive Bedrock 0.018% 292.4 0.001% 2.2

Rocky Mountain Subalpine-Montane Mesic Meadow 0.001% 14.3 0.000% 0.6

Total 96.782% 1,585,826.5 98.839% 171,003.9
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Inter-Mountain Basins Big Sagebrush Steppe

Oregon Habitat: Big Sagebrush Shrublands and Steppe

Oregon Name/OR Code: Big Sagebrush - Bunchgrass Steppe/5454

ESLF Code: 5454

Range: This type occurs throughout the western U.S., and is dominant in the Columbia Plateau and 
the northern Great Basin and Wyoming.  It occurs at lower elevations in Oregon, Washington and 
Idaho, and higher elevations in Wyoming and the south.

Min Elev: 1,000 feet

Max Elev: 7,000 feet

Spatial Pattern: Large patch

Vegetation: Vegetated (>10% vasc.)

Upland: Yes

Wetland: No

Description: Open sagebrush steppe, which are mixed grassland shrubland habitats containing 
Wyoming or basin big sagebrush, bitterbrush or other intermountain sage-like shrubs usually between 
10% and 25% cover, and with bunchgrasses or native grasses making up more than 25% of the cover, 
distinguishing this from Big Sagebrush Shrublands.  With overgrazing, some sagebrush steppe can be 
converted to sagebrush shrublands. This is a very widespread type occurring on all landforms, soils, 
slopes and aspects.

Inter-Mountain Basins Big Sagebrush Shrubland

Oregon Habitat: Big Sagebrush Shrublands and Steppe

Oregon Name/OR Code: Big Sagebrush Shrubland/5257

ESLF Code: 5257

Range: This type occurs throughout the western U.S., typically in basins between mountain ranges.  
It occurs at lower elevations in Oregon, Washington and Idaho, and higher elevations elsewhere, and 
is more common in the south, replaced by steppe further north.

Min Elev: 1,000 feet

Max Elev: 7,000 feet

Spatial Pattern: Matrix

Vegetation: Vegetated (>10% vasc.)

Upland: Yes

Wetland: No

Description: Sagebrush shrublands with Wyoming or basin big sagebrush, bitterbrush or other 
intermountain sage-like shrubs dominating a shrubland.  Shrubs are the dominant vegetation, with 
grasses making up less than 25% of the cover, distinguishing this from Big Sagebrush Steppe.  This 
widespread type occurs on all landforms, soils, slopes and aspects.
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Other

Technically, the “other” classification is not an ES. Never the less, it is included in this assessment to 
complete the picture of the sub-basins. (Table 3-4)

Table 3-4. Other Classification.
Guano Thousand-Virgin

Percent Acres Percent Acres

Agriculture - Hay/pasture 0.013% 216.6 0.009% 14.7

Agriculture - Irrigated 0.133% 2,172.9 0.003% 5.0

Developed, Low Intensity 0.031% 505.6 - -

Developed, Medium Intensity 0.026% 418.5 - -

Developed, Open Space (Parks, Golf Courses, 
Open Space)

0.004% 64.5 - -

Water 0.059% 969.9 0.016% 28.0

Totals 0.265% 4,348.0 0.028% 47.8

Special Status Plant Species

See Appendix F for a complete listing of Special Status Species.

Issues, concerns, and action items
• Educate land owners, land managers and the general public on the strengths and limitations of the 

concept of eco-system potential. 
• Encourage the development of an evaluation methodology using the general concepts of eco-system 

potential, but with allowances for the effects of natural disturbance cycles.


