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Introduction 
The rain shadow of the Cascade Mountains gives rise to a 
suite of arid and semi-arid habitats that differ substantially 
from those of the surrounding forest. O'Neil and 
Johnson1oo have classified these habitats into 6 different 
types: shrub-steppe, dwarf shrub-steppe, desert playa and 
salt scrub, western juniper and mountain mahogany 
woodlands, eastside canyon shrub lands, and eastside 
grasslands. Most of these communities are dominated by 
shrubs and herbaceous vegetation (grasses and forbs) and 
typically have a microbiotic crust of lichens and mosses 
binding the upper surface of the soil. With the exception 
of the western juniper and mountain mahogany 
woodlands habitat type, trees in these communities are 
limited mainly to riparian zones and ecotones with 
forested habitats and are entirely absent from extensive 
areas. Much of the historical vegetation in these habitat 
types, particularly in Washington and north central 
Oregon, has been converted to agricultural cropS.27, 113 In 
some areas, the only remaining native communities are 
on rocky soils or steep slopes unfit for agriculture. The 
dominant land use in these shrub land and grassland 
habitats is livestock grazing, and few examples of 
undisturbed stands exist, limited primarily to sites where 
topography or remoteness from water has made access 
for livestock grazing impractical,22 

Photograph 1. Shrub-steppe habitats 
dominate the landscape in much of 
eastern Oregon and Washington. Moses 
Coulee, Douglas County, Washington. 
(M. Vander Haegen,WDFW). 

Although pristine climax communities do exist for 
eastside grassland and shrubland habitats, the majority 
of sites have been shaped by a legacy of past land uses 
that includes continuous grazing by livestock and range 
improvements to increase livestock forage and that in turn 
has facilitated invasion by exotic vegetation. This legacy 
has modified the vegetation community in many areas, 
with some changes occurring so long ago that they are 
not apparent to the present day observer.22 Changes in the 
herb community brought about by excessive grazing and 
exotic invaders are particularly damaging in these arid 
habitats where the herb layer often contains the most 
vegetation biomass. Moreover, the successional trajectory 
of vegetation communities in arid habitats can be modified 
by influences such as grazing and fire, resulting in present 
day "zootic" climax communities that differ greatly from 
those which occurred historically.22, 128 Sites in southcentral 
Washington that were dominated by exotic annuals in the 
1950s still have not been colonized by native plants some 
four decades laterYs 

The low vertical structural diversity inherent in these 
habitats provides fewer habitat layers for wildlife, 
resulting in lower diversity in some taxa. There are, for 
example, no arboreal mammals or canopy nesting birds. 
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Habitats with a shrub component tend to have more 
diverse wildlife communities than grass dominated 
habitats, a function of increased nesting and foraging 
strata. For example, the shrub-steppe habitat has 49 closely 
associated species, whereas eastside grassland has only 
34. Sites dominated by native plants have more closely 
associated species than sites dominated by exotics (34 
species closely associated with eastside grasslands vs. 2 
with modified grasslands). 

Available water is a defining factor in these arid and 
semi-arid habitats, and this strongly shapes the 
composition of plant communities22 and influences the 
ecology and behavior of associated wildlife. In 
Washington, precipitation occurs primarily during late 
autumn and winter with annual totals ranging from 5.9 
inches (150 mm) in the lowest parts of the Columbia Basin 
to 21.7 inches (550 mm) in the higher elevations near the 
forest ecotone. Annual snowfall can be substantial at 
higher elevations and snow can remain in colder areas 
into spring. Growth of vegetation in spring is affected by 
available soil moisture, a result of "bioyear" 
precipitation-water that falls as rain or snow from 
October-April and is stored in the soil. 22 Bioyear 
precipitation varies widely from year to year, affecting 
plant growth6Y and influencing both forage for herbivorous 
wildlife and populations of herbivorous insects that form 
the food base for many reptiles and breeding birds. The 
marked seasonality in precipitation creates a flush of 
available food in spring and early summer that is 
capitalized on by breeding birds. In the lower rainfall 
zones most vegetative growth is completed by early 
summer and many plants senesce in preparation for the 
dry, hot months ahead. 

Adaptations to Arid, Seasonally Hot 
and Cold Environments 

Hot and arid conditions that prevail in many of these 
habitat types in summer playa part in determining the 
animal life that can persist there. Daytime temperatures 
can exceed 113"F (45"C) and free water can be scarce. Some 
species are physiologically adapted to survive in such an 
environment, whereas others modify their behavior­
some survive by a combination of both strategies (Table 
1). Species that require daily access to free water (e.g., bats, 
elk) must restrict their daily use areas to include open 
water. Mourning doves must drink daily and frequently 
fly great distances to reach free water,78 Other species drink 
infrequently and conserve body water by minimizing 
water lost through evaporation, respiration, and excretion. 
These species meet their daily water requirement through 
moisture contained in food and from metabolic water 
produced from oxidation as part of digestion.!? The 
grasshopper mouse and the sage sparrow are examples 
of species that spend considerable time far from free water. 
Black-throated sparrows are particularly well adapted to 
life in arid environments; experiments have shown that 
they can survive on a diet of dry seeds without access to 
free water and without restricting their activity.78 

Birds and reptiles have some physiological 
characteristics that allow them to tolerate arid conditions. 
Birds excrete nitrogenous waste as uric acid, a 
characteristic that they share with reptiles and that uses 
<10% of the water required by mammals excreting urea.'8 
Birds also operate at a higher body temperature than do 
most other animals, allowing them to cool themselves by 
convection at most ambient air temperatures. Some arid­
land birds (e.g., black-throated sparrow) can drink and 
process water with a high saline content's Reptiles are 
particularly well adapted to arid environments. Their dry, 
scaley integument and lack of exocrine glands reduces 
water loss to the environment!7 and, unlike amphibians, 
they can reproduce independent of standing water. 

Many arid-land species modulate their activities to 
avoid temperature extremes, seeking shade during the 
heat of the day or, in the case of the rock wren, seeking the 
cooler environment offered by rock crevices.7s Fossorial 
species find cooler temperatures and reduced water loss 
underground. Seeking milder conditions in underground 

Table I. Living and breeding in arid and semi-arid 
environments: constraints, consequences, and animal 

adaptations. 

A. Environmental Constraints 
High and low temperature extremes 
High winds 
Open habitats 
Aridity 
Strong temporal resource gradients 
Fragmented habitats 
High annual variability in rainfall 

B. Ecological Consequences 
Cooling and warming adaptations required 
Increased variability in annual reproductive output 
Need to disperse across unsuitable habitats 
Water conservation required 

C. Adaptations 
• Physiological 

Facultative breeding 
Flexible reproductive timing 
Ability to process hypersaline water 
Ability to survive without free water 
Large ears for cooling (jackrabbits) 
Speed for eluding prey (pronghorn) 

• Behavioral 
Cryptic behavior 
Shade-seeking 
Burrow into soil to avoid heat extremes 
Daily trips to available water 

D. Life History Adaptations 
Cryptic plumage/pelage 
Strong seasonality in habitat use 
Colonial living 
Accelerated larval development 
Hibernation or migration during winter 
Estivation during summer 
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burrows can be a temporary tactic used during the heat 
of the day, or it can be a way to escape harsh conditions 
for much longer periods. Some fossorial mammals, 
including ground squirrels and pocket mice, may estivate 
during the driest months and emerge from their burrows 
when the winter rains renew vegetation growth. Great 
Basin spadefoot toads are one of few amphibians to live 
in arid habitats, surviving the arid summer months by 
estivating underground. Members of this genus minimize 
water loss by burrowing underground and by allowing 
urea levels in the blood to rise as the soil around them 
dries. Sufficiently high internal osmotic pressures create 
water potentials that should allow spadefoot toads to 
absorb water from even very dry soil. l1l Spadefoot toads 
are also capable of tolerating <;:onsiderable loss of body 
water (up to nearly 50%).138 

Spadefoot toads may spend many months burrowed 
deep in the soil, emerging to feed or to breed on rainy 
nights. Their facultative breeding system is well adapted 
to arid habitats, allowing them to track local conditions 
and breed after rain events or, in more recent times, after 
irrigation has wetted the soil.98 They are adapted to 
temporary breeding ponds by needing only 2-3 days for 
egg hatching and only a few weeks for development to 
metamorphosis. Some tadpoles may feed on carrion as 
well as vegetation, which also may result in more rapid 
development. Tadpoles of some other species of spadefoot 
toads are known to be cannibalistic.98 

Cold conditions may limit the activity times of 
ectotherms daily and seasonally; however, their low 
energetic requirements (typically <10% of those of similar 
sized endotherms) allow amphibians and reptiles to 
survive for extended periods of time without eating. For 
example, an adult rubber boa, maintained in captivity 
under simulated field thermal gradients, voluntarily 
fasted for 23 months before eating, with no apparent long­
term ill effects (Michael E. Dorcas, Davidson College, pers. 
comm.). Such fasting abilities enable these animals to 
survive conditions such as droughts when food 
availability may be low. The low metabolic rates of 
amphibians and reptiles also result in low rates of 
respiratory water loss.1l1 

Habitat Elements-
Special Habitat Features 

Some wildlife species of eastside grassland and shrub land 
habitats are strongly associated with special features 
(habitat elements) on the landscape and are unlikely to be 
found in their absence. Many species are associated with 
geological formations such as rock outcrops, cliffs, and 
talus slopes. Peregrine falcons, cliff swallows, and golden 
eagles nest on cliffs and rock faces and are among the 35 
species associated with these structures. All of the snake 
species and about half of the lizard species in shrub-steppe 
habitats are associated with rocky features (individual 
rocks, talus slopes, outcrops, cliffs, ridges, caves, crevices, 
etc.) that serve a variety of functions including providing 
foraging locations (e.g., side-blotched lizards), retreat sites 
from predators (e.g., western fence lizards), vantage points 

Photograph 2. Cliffs provide valuable roost sites for bats as 
well as nest sites for numerous species of shrub-steppe 
wildlife. Grand Coulee, Douglas County, Washington. (M. 
Vander Haegen, WDFW). 

within territories (e.g., Mojave black-collared lizards), 
nesting sites (e.g., ringneck snakes), and gestation sites 
(e.g., western rattlesnakes). Rocky features are often 
needed to provide the temperature gradients required for 
effective behavioral thermoregulation.56 Rocky features 
such as talus slopes and crevices within lava flows are 
especially important as overwintering sites for snakes, and 
their availability may limit the distribution of some 
species.43 Often, overwintering sites are used by multiple 
species (e.g., striped whip snakes, gopher snakes, western 
terrestrial garter snakes, and western rattlesnakes). Talus 
slopes and talus-like structures (rock piles,lava stringers) 
are associated with 22 species and provide refuge for small 
mammals like the least chipmunk, and hibernacula for a 
variety of snakes including the western rattlesnake. Some 
amphibians (e.g., long-toed salamanders and Pacific 
treefrogs) may be associated with talus. Rocky outcrops 
provide nest sites for ferruginous hawks and habitat for 
rock wrens, yellow-bellied marmots, and 42 other species. 
Caves are used by 18 species, including bobcats and 
common ravens, and are critical habitats for bats for 
roosting and hibernation. 
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Burrowing owls and fossorial mammals like the 
Columbian ground squirrel and badger require deep soils 
for constructing nests and dens. Washington ground 
squirrels used sites where soils were deeper, weaker, and 
contained less clay than adjacent, unoccupied sites.4 Soil 
type also can affect the persistence of underground 
burrows. In an Oregon study, nest burrows of burrowing 
owls were more likely to be reused in subsequent years 
when constructed in silty-loam soil; burrows in loamy­
sand soils were often silted in and thus unusable by the 
next breeding season.38 Loose soils are important to 
burrowing species like Great Basin spadefoot toads, 
sagebrush lizards, and horned lizards. Several species of 
reptiles (e.g., long-nosed leopard lizards) bury their eggs 
in loose soils. 

The burrows of other animals are often used by 
burrowing owls, many species of lizards and snakes,134 
and some species of amphibians (e.g., tiger salamanders 
and western toads). Burrows may serve a variety of 
functions, including providing retreats from predators 
(e.g., long-nosed leopard lizards), foraging sites (e.g., 
rubber boas), egg deposition sites (e.g., collared lizards), 
and thermal gradients for regulating body temperature. 
The use of burrows by reptiles and amphibians in dry 
shrub-steppe habitats is particularly important for 
minimizing evaporative water loss. 

All amphibians in eastside shrub land and grassland 
communities are associated withstanding or slow-moving 
water sometime during their life cycle, because it is 
required for breeding and larval development. Several 
species of reptiles also are associated with water (i.e., 
marshes, pools, ponds, lakes, streams, or rivers). Western 
skinks and rubber boas are often found near moist areas. 
Garter snakes often forage in the water or along shorelines. 
Painted turtles overwinter, breed, and forage in water. 
Human-made stock ponds have probably increased the 
amount of suitable habitat for some of these water 
associated species. 

Anthropogenic structures are frequently used for 
nesting sites or as shelter by a variety of wildlife. Common 
ravens, American crows, and several buteonid hawks nest 
on power transmission towers. Construction of such 
towers was responsible for an increase in the number of 
breeding ferruginous hawks on the Hanford Site in 
southcentral Washington in the 1980s.32 Cement road 
culverts and bridges are used as shelter or as nest sites by 
cliff swallows and 13 other species; they provide 
appropriate nesting structure previously missing in many 
areas. Garter snakes often use the foundations of bridges 
and buildings for nocturnal retreat sites and overwintering 
sites. Western fence lizards and racers use stone walls for 
retreat sites and foraging areas. 

Abandoned homesteads and farm buildings provide 
unique vertical structure in many areas of shrub land and 
grassland habitat. Old buildings are used as nest sites by 
kestrels, barn owls, deer mice, and numerous other 
species. Abandoned buildings and trash piles may attract 
small mammals and thus reptiles that prey on them (e.g., 
western rattlesnakes). Gopher snakes may use wells for 
estivation sites (C.R. Peterson, Idaho State University, pers. 
obs.). Trees planted as windbreaks around homesteads and 
orchards provide nesting structure for red-tailed hawks, 
black-billed magpies, orioles, and numerous other birds. 
Abandoned farm equipment serves as nesting sites for 
European starlings, domestic pigeons, western kingbirds, 
and other birds as well as various small mammals. 

Bird Communities in Shrub-steppe 
The following wildlife community profiles focus on 

shrub-steppe habitat, with references to other eastside 
shrub land and grassland habitats where appropriate. We 
selected shrub-steppe as a focal habitat based on its 
dominance in eastside landscapes and because of the 
severe management issues that this habitat currently faces. 

Shrub-steppe bird communities are characterized by a 
relatively small number of breeding species. The 

Photograph 3. Talus slopes and talus­
like structures provide hibernacula for 
western rattlesnakes. Grant County, 
Washington. (M. Vander Haegen, 
WDFW). 
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assemblage of passerines, for example, typically totals 4-
8 birds and often is domina ted by a single species. 156 

Extensive surveys including many sites may generate a 
much larger species list;27 however, many species on these 
longer lists occur infrequently or breed in other habitats 
and are tallied on surveys as they forage or migrate 
through the shrub-steppe. For example, three years of 
surveys on one site in the shrub-steppe of eastern 
Washington produced a list totaling 28 species; however, 
only 5 species were documented to nest on the site 
(Washington Department of Fish and Wildlife [WDFWj 
unpub!. data). Fragmentation of formally extensive shrub­
steppe and new habitats associated with agriculture and 
irrigation contribute species that are not typical of the 
shrub-steppe community type. 

What the shrub-steppe bird community may lack in 
variety, it makes up for in specificity. Several species 
associated with shrub-steppe are so dependent on sage 
cover that they are termed sagebrush obligates. Sage and 
Brewer's sparrows, sage thrashers, and sage grouse are 
considered obligates, whereas vesper sparrows and green­
tailed towhees are classified as near-obligates. s These 
species often characterize the big sagebrush (Artemisia 
tridentata) shrub-steppe community, although other shrub­
steppe or grassland-associated species may dominate at 
specific sites. In big sagebrush communities in 
northcentral Oregon and southcentral Washington, the 
breeding bird community was dominated by sage 
sparrows and western meadowlarks54, 146 (WDFW unpub!. 
data), In northcentral Washington, the breeding bird 
community was dominated by Brewer's sparrows and 
vesper sparrows (WDFW unpub!. data). Disturbed sites 
with few shrubs frequently are dominated by western 
meadowlarks, homed larks, grasshopper sparrows, and 
long-billed curlews. 54, 146 

Most passerines that breed in shrub-steppe eat insects 
and other arthropods at some period during the year. Some 
birds are primarily insectivorous, consuming a variety of 
invertebrates that they capture on the wing, or glean from 
shrubs or herbaceous vegetation. Even granivorous birds 
that feed mostly on seeds and plant material as adults feed 
invertebrates to their young to supply critical nutrients. 
Total precipitation during the bioyear affects primary and 
secondary production and varies widely among years in 
this ecosystem.2l This yearly variation in rainfall can affect 
reproductive success of shrub-steppe nesting birds, 
probably through its influence on availability of arthropod 
prey.121 

The community of breeding birds in shrub-steppe is 
largely comprised of migrants, many (n = 16) wintering 
south of the United States and therefore termed Neotropical 
migrants. Spring migrants that pass through the shrub­
steppe on their way to more northern breeding grounds 
and that spend time in the sagebrush communities include 
the white-crowned sparrow and ruby-crowned kinglet. 
Resident species are largely gallinaceous birds (e.g., greater 
sage-grouse and sharp-tail grouse) and corvids (e.g., 
common raven and black-billed magpie). The winter bird 
community is supplemented by species that breed in more 

northern sites but spend all or part of the winter in the 
shrub-steppe, including rough-legged hawks and 
northern shrikes. 

Two native galliforms, greater sage-grouse and sharp­
tailed grouse, live in shrub-steppe communities of Oregon 
and Washington. Both are ground nesters and require large 
areas for their annual home ranges, including open areas 
for leks in the spring. Both grouse are listed as threatened 
in Washington, and the sharp-tailed grouse was only 
recently reintroduced to Oregon after having been 
extirpated in the 1960s.99 Loss of habitat and fragmentation 
by agriculture are believed to be primary causes for the 
decline of these species. 16, 124 Exotic galliforms that 
frequently can be found nesting in shrub-steppe include 
the chukar, gray partridge, and ring-necked pheasant. 

Numerous raptors use shrub-steppe for nesting and 
foraging, preying on a variety of small mammals, reptiles, 
birds, and insects. Burrowing owls and short-eared owls 
nest on the ground in shrub-steppe and can be found 
nesting in stands of big sage, antelope bitterbrush (Purshia 
tridentata), or open, low grasslands. Northern harriers 
often forage in shrub-steppe, especially along edges with 
agriculture, but they require wetlands or similar areas of 
thick reeds or grasses for their ground nests. Most raptors 
require elevated nesting sites and historically nested on 
buttes, cliffs, and in riparian-associated trees. In 
northcentral Oregon, juniper trees were important nesting 
platforms for ferruginous and Swainson's hawks, and 
long-eared owls.39

,54 Juniper trees also were important as 
nest sites for ferruginous hawks in southcentral 
Washington. 31 Artificial planting of trees and the 
proliferation of power transmission lines during the last 
century have increased the availability of suitable nest sites 
and likely have boosted raptor populations in some 
areas. 1l9 

A recent analysis of population trends using the 
Breeding Bird Survey (BBS)I2l identified 8 shrub-steppe­
associated species that are declining in the interior 
Columbia River Basin. Four of these species, the Brewer's 
sparrow, lark sparrow, loggerhead shrike, and western 
meadowlark, are closely associated with shrub-steppe. 
Numerous other birds, including the sage sparrow, 
grasshopper sparrow, and burrowing owl, likely are not 
monitored adequately by the BBS and will require 
specialized monitoring to detect changes in their 
populations.12l 

Organizing Principles: Birds 
Shrub-steppe communities extend from the northern 
border of Washington to the southern border of Oregon. 
Although some shrub-steppe-associated birds are 
common to much of this area, there are differences in avian 
species assemblages across this latitudinal gradient. For 
example, black-throated sparrows and green-tailed 
towhees reach the northern extent of their range near 
Oregon's northern border and occur only sporadically in 
Washington. Sharp-tailed grouse occur in several locations 
in northcentral and eastern Washington, but were 
extirpated from Oregon and have only recently been 
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reintroduced.99 Bird communities also may change along 
an elevational gradient in shrub-steppe, as rainfall 
increases with elevation and changes the vegetation 
community. Vesper and Brewer's sparrows occur rarely 
in sage communities on the low elevation Columbia River 
Plain, whereas they are regularly found on ridges only a 
few kilometers to the west in sage communities above 
5,900 feet (1,800 m).146 As one proceeds north in the 
Columbia Basin, elevation increases and these species 
become common at all elevations. In fact, these two 
sparrows, along with the sage thrasher, typify sage 
communities in northcentral Washington (WDFW unpubl. 
data). 

Presence and abundance of individual bird species vary 
with a range of local and landscape variables. On a gross 
scale, vegetation structure determines what species can 
breed in a community through presence of suitable nesting 
and foraging strata. A suite of grassland-associated birds 
that breed in shrub-steppe includes the grasshopper 
sparrow, horned lark, western meadowlark, and long­
billed curlew. These birds nest on the ground and depend 
on grasses and forbs to conceal their nests. Native 
perennial grasses generally dominate the ground layer in 
undisturbed shrub-steppe communities, and presence of 
several ground-nesting species, including the grasshopper 
sparrow and horned lark, increased with percent cover of 
these grasses. 147 In contrast, long-billed curlews in 
northcentral Oregon104 and southeast Washington2 seemed 
to prefer short-statured annual grasslands for nesting and 
foraging, an apparent adaptation to this recent, 
disturbance-related vegetation community. 

Shrub cover is a requirement for the suite of shrub­
nesting birds that nest in Washington and Oregon's shrub­
steppe. Sage, Brewer's, and lark sparrows, along with sage 
thrashers, and loggerhead shrikes, nest in or immediately 
beneath shrubs. They also use shrubs for singing and 
foraging perches, and Brewer's sparrows forage 
extensively within the foliage of shrubs.162 Presence of 
trees, either along riparian areas or planted as windbreaks 
or near homesteads, provides nesting platforms for black-

Photograph 4. Sage sparrows are 
sagebrush obligates and nest in 
extensive tracts of shrub-steppe. Moses 
Coulee, Douglas County, Washington. 
(M. Vander Haegen, WDFW). 

billed magpies and a host of raptors, including red-tailed 
and Swainson's hawks, and long-eared owls. Without the 
vegetation structure to support nests and foraging 
activities, these species are unlikely to establish territories 
and breed successfully. 

Floristics also playa part in determining the 
composition of the avian community in shrub-steppe. In 
their extensive study of shrub-steppe birds that included 
sites in Washington, Oregon, and Nevada, Wiens and 
Rotenberry158 found that whereas habitat structure played 
a part in determining species occurrence at a 
biogeographic scale, presence of particular plant species 
was important to some birds at a regional scale. Sage 
sparrows, true to their name, prefer a shrub community 
dominated by sagebrush over other species of shrub.158 

Even within the sagebrush family, sage sparrows show a 
preference for stands of big sagebrush. Recent work in 
Washington has shown that both sage sparrows and 
Brewer's sparrows occur at greater abundance in 
communities of big sagebrush than in stiff sagebrush (A. 
rigida) communities typical of rocky soils.147 Wiens and 
Rotenberry158 found abundance of Brewer's sparrows to 
be negatively correlated with cover of spinescent shrubs 
such as hopsage and budsage. These authors suggested 
that some shrub-steppe birds key on particular shrubs to 
take advantage of arthropod foods particular to those 
shrub species. 

Although we have only recently begun to examine 
spatial components of community structure, there is 
evidence that landscape characteristics influence the 
occurrence of some shrub-steppe species. In Idaho, the 
probability of finding sage sparrows and Brewer's 
sparrows in patches of sagebrush increased with size of 
the patch.63 Recent work in Washington has shown patch 
size to be very important to sage sparrows, with males 
establishing territories and nesting only on sites many 
times larger than an average territory (WDFW unpubl. 
data). The landscape context in which these spatial effects 
are examined also may have a bearing on how species 
react. In extensive shrub-steppe in Idaho, where sagebrush 
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Photograph 5. Young burrowing owls near their 
nest burrow. Burrowing owls in the Columbia 
Basin depend on fossorial mammals both for 
nest sites and for much of their diet. Grant 
County, Washington. (D. Hoyt, WDFW). 

communities were fragmented by fire and subsequent 
cheatgrass (Bromus tectorum) invasion, sage thrashers 
occurred more frequently in spatially similar sites with 
low fragmentation of sage.63 However, in Washington, 
where sagebrush stands are fragmented by agriculture, 
thrashers were regularly found in small fragments of sage 
and were more likely to occur in fragmented than 
extensive sites. 147 For some species, these landscape 
features likely interact with local vegetation characteristics 
to determine suitability of a site. Landscape characteristics 
such as patch size and spatial similarity seem to have little 
effect on occurrence of some of the more generalist birds 
such as western meadowlarks and horned larks, at least 
at the scales studied.63,147 

Another physical variable that influences the bird 
community in shrub-steppe is soil type. Texture and depth 
of the soil can affect its suitability for foraging and nesting, 
and composition of the vegetation community is 
influenced by soil characteristics. Burrowing owls nest in 
underground burrows and require deep, friable soils. Sage 
and Brewer's sparrows in Washington were more 
abundant in deep soil communities characterized by big 
sagebrush than in shallow soil communities dominated 
by low-growing stiff sagebrush.147 Size of the sage shrubs 
affects their suitability as nest sites and perhaps also 
determines availability of insect prey. In this same analysis, 
loggerhead shrikes occurred in greatest numbers, and 
western meadowlarks in lowest numbers, in sandy soil 
communities typical of the Columbia River Plain. 
Mourning doves were the only species that occurred at 
greater abundance in shallow soil communities. 

Occurrence of some shrub-steppe birds may be rela ted 
to the presence of other animal species. Burrowing owls 
in the West are closely tied to populations of fossorial 
mammals and the vegetation communities and soil types 
that support them.38, 49 Burrowing owls may depend on 
badgers for nest sites in the Columbia Basin.38 Although 
burrowing owls eat a variety of prey, small mammals are 
a key component and western populations often are 
associated with colonies of ground squirrels and other 
small, burrowing mammals. In the Columbia Basin of 
Washington and Oregon, small mammals, particularly 

Great Basin pocket mice, comprised the majority of the 
biomass in pellets collected at nest sites.40 

Brown-headed cowbirds may use different habitats for 
feeding and for breeding and selection of both may be 
driven by the presence of other species. Cowbirds likely 
evolved with large, grazing animals (i.e., bison) of the 
short-grass prairies of the Midwest, following the animals 
as they grazed and eating seeds and insects exposed by 
trampling hooves.74 In the shrub-steppe of Oregon and 
Washington, cowbirds are typically associated with 
livestock and can be found foraging among cattle and 
horses in pastures and feedlots. Cowbirds are "nest 
parasites" who lay their eggs in the nests of other birds, 
and therefore require suitable populations of "host" 
species to reproduce successfully. In big sagebrush 
communities in eastern Washington, cowbirds typically 
parasitized sage, Brewer's, and vesper sparrows, although 
rates of parasitism were low compared to other 
communities.148 Cowbirds also parasitize birds that nest 
in riparian communities within shrub-steppe,33.102 and 
their distribution likely is tied to that of suitable hosts in 
these communities as well. 

Mammal Communities 
in Shrub-steppe 

Species richness is typically related to the structural 
complexity of dominant vegetation.18.116 Not surprisingly, 
the diversity of mammals in the shrub-steppe of western 
North America is lower than that typical of structurally 
more complex habitats of the region. For example, 40 small 
mammal species are closely associated with forested 
habitats of Oregon and Washington, whereas only 20 are 
closely associated with shrub-steppe habitat. Ten carnivore 
species are closely associated with forested habitats 
compared to 2 in shrub-steppe. Because of low 
precipitation, high incident solar radiation and wide 
fluctuations in seasonal temperatures, the shrub-steppe 
is a challenging environment for homeotherms. Not 
surprisingly, many shrub-steppe mammals are relatively 
specialized for life in this arid region. 

In addition to the relatively few mammals that are 
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clearly associated with true shrub-steppe vegetation, 
numerous species may be associated with very specialized 
habitats that occur as minor components of shrub-steppe 
systems. F,or example, black bears, beavers, and muskrats 
are not considered shrub-steppe species, but all may occur 
in larger riparian corridors that extend from forested 
communities into shrub-steppe. 

Small and Meso-sized Mammals 
Small mammals of the shrub-steppe include ubiquitous 
species such as the white-footed deer mouse and several 
species that are relatively restricted to shrub-steppe and 
other arid biotic associations. Hedlund and Rogers50 

trapped Great Basin pocket mice, northern grasshopper 
mice, sagebrush voles, western harvest mice, and deer 
mice in shrub-steppe habitat of the Hanford Site of 
southcentral Washington. Marr et al.,79 trapping another 
area of the Hanford Site, caught deer mice, western harvest 
mice, grasshopper mice, montane voles, Great Basin 
pocket mice, and northern pocket gophers. Rogers and 
Rickard 120 also listed vagrant shrews as occurring in shrub­
steppe habitat of southcentral Washington. Although small 
mammal communities of the shrub-steppe commonly 
contain several of these species, a few species, notably 
Great Basin pocket mice and deer mice, numerically 
dominate most assemblages in eastern Washington.36,50, 79 
Although uncommon in Washington, kangaroo rats, such 
as Ord's kangaroo rat and the less common chisel-toothed 
kangaroo rat, inhabit shrub-steppe in eastern Oregon.19 

The least chipmunk and dark kangaroo mouse also occur 
in some areas of shrub-steppe.19 

Meso-sized mammals of the shrub-steppe include 
severallagomorphs, such as white-tailed and black-tailed 
jackrabbits, mountain cottontails, and pygmy rabbits. The 
2 jackrabbit species are sympatric; however, white-tailed 
jackrabbits are generally less common and tend to be 
distributed in smaller, isolated populations, at least in 
recent years.19,80 Both species are prone to cyclic population 
growth,44, 64, 97 and variation between high and low 
population levels in black-tailed jackrabbits can be 
dramatic.3 When the 2 jackrabbit species occur together, 
white-tailed jackrabbits tend to occupy more open, grass-

Photograph 6. Pygmy rabbits are sagebrush 
obligates, building their burrows in deep soils 
beneath sagebrush plants and feeding on 
sagebrush foliage. Douglas County, Washington. 
(WDFW). 

dominated areas and black-tailed jackrabbits predominate 
in areas with a strong shrub component.19, 143 Areas 
occupied by jackrabbits are obvious due to their practice 
of clipping vegetation to make runways, which they travel 
repeatedly.97 Pygmy rabbits are uncommon and typically 
occur only in areas dominated by tall, dense stands of 
Great Basin or big sagebrush, which provide preferred 
forage. 19, 41, 153 Pygmy rabbits also excavate burrows in 
which they den, and therefore also require areas with 
friable soil. Mountain cottontails often are associated with 
distinct microhabitats such as riparian areas or rocky 
ravines and also occur in areas developed by humans.19 

Yellow-bellied marmots are not associated with shrub­
steppe associations except where rock piles occur as 
special, localized habitat features. Bushy-tailed wood rats, 
Columbian ground squirrels, Belding's ground squirrels, 
and a complex of smaller ground squirrels (discussed 
below) also occur in shrub-steppe habitats of eastern 
Oregon and Washington. 

Carnivores of the Shrub-Steppe 
Because diversity and biomass tend to decline with 
increasingly higher order consumers,116 the diversity and 
abundance of shrub-steppe carnivores is a fraction of that 
of small and meso-sized mammals. Among the common 
carnivores are the ubiquitous coyote, the more habitat 
restricted badger, and the widespread long-tailed weasel. 
The kit fox reaches its northern range limit in arid plant 
associations of southeastern Oregon.19 

Coyotes, badgers, and weasels consume a diverse array 
of small mammals, insects, birds, and reptiles. Carnivore 
densities are related not only to densities of their prey but 
also to complex social factors.92, 126, 130 Coyote, weasel, and 
badger occupancy of shrub-steppe habitats is probably 
linked to vegetation indirectly via effects of vegetation on 
prey diversity and abundance. The bobcat, another 
widespread species, occurs in shrub-steppe where rock 
outcrops, ravines, or lava formations are available for 
suitable den sites. 62 Mountain lions are the largest 
carnivores that use shrub-steppe habitat and typically 
occur only where mountainous terrain and shrub-steppe 
vegetation are contiguous.19,20 Bobcats and mountain lions 
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prefer prey at least as large as a hare, and are found only 
where suitable prey biomass is relatively high. Not 
surprisingly, bobcat and mountain lion reproductive 
success and spatial use of the landscape varies with cyclic 
changes in densities of primary prey, whether lagomorphs 
or ungulates.62 Mountain lions tend to be found only where 
large mammal prey also are available. 

Large Herbivores 
Native species of large herbivores in the shrub-steppe 
include generalists such as the mule deer and elk, as well 
as more specialized ungulates such as the pronghorn 
antelope. Bighorn sheep are not a true shrub-steppe 
species and have been historically rare in arid mountain 
ranges of eastern Oregon and Washington, but bighorns 
did occur prehistorically in some mountainous areas 
adjacent to shrub-steppe habitats and have been 
reintroduced to several locations in OregonlOI and 
Washington. l5l All of these large herbivores require free 
water and therefore are not found in extensive tracts of 
shrub-steppe that lack surface water such as springs or 
ponds. Large mammal ecology in the shrub-steppe is 
discussed in greater detail in a later section. 

Organizing Principles: Mammals 
The determinants of habitat suitability for mammals in 
the shrub-steppe undoubtedly varies across species. For 
example, floristics may be important for some species 
because of diet specialization. For some species, however, 
the vegetative structure of the association is probably more 
important than the specific assemblage of plant species 
that comprise the association. 

Secondary and tertiary consumers are usually linked 
to vegetation associations indirectly via habitat affinities 
of their prey species. But because most predators in the 
shrub-steppe will consume a variety of prey organisms,62 
their generalized affinities for plant communities reflect 
the diversity of habitats used by their smaller mammalian 
prey. However, as noted, several shrub-steppe carnivores 
directly select structural and geological habitat features 
because of their importance to other life history needs (e.g., 
den availability). Accordingly, these important structural 

Photograph 7. Badgers feed extensively on ground 
squirrels and are ecologically linked to another 
ground squirrel predator, the burrOWing owl, that 
uses badger dens for nest sites. Morrow County, 
Oregon. (G. Green, Foster Wheeler Environmental 
Corporation) , 

habitat features seem to be strong determinants of habitat 
suitability for some shrub-steppe carnivores. 

Occurrence and density of primary consumers would 
normally be expected to be directly linked to community 
floristics. However, generalists such as the larger 
herbivores seem to have broad tolerances for plant 
associations as long as acceptable forage biomass is above 
critical limits that relate to foraging efficiency thresholds. 
Primary consumers with specialized diets, such as pygmy 
rabbits, may be very selective of plant associations.41 Black­
tailed jackrabbits are seasonally selective of forage type, 
but will consume a variety of plant speciesl43 and therefore 
display more generalized affinities for plant associations 
than pygmy rabbits. Black-tailed jackrabbits will generally 
not consume cheatgrass, and therefore largely avoids pure 
cheatgrass swards. 143 Where cheatgrass invasion is 
occurring, jackrabbits foraging on native bunchgrasses can 
convey a competitive advantage to cheatgrass and 
facilitate further conversion towards an annual 
grassland. 132 

Mammal species vary considerably in their affinity to 
associations with a strong sagebrush component. Pygmy 
rabbits are strongly associated with sagebrush, rarely 
occurring where sagebrush is a minor component or 
lacking from the plant community. Sagebrush voles have 
a strong affinity for sagebrush but occur in stands lacking 
a sagebrush overs tory if grass understories are thick 
enough to provide cover.19 Pronghorns are the only large 
herbivore in the shrub-steppe that frequently forage on 
sagebrush. Pronghorns often show an affinity for 
sagebrush81, 135 and are most successful where sagebrush 
species are available for winter forage, although they can 
occupy areas without sagebrush if other acceptable forage 
is available.125 

The Role of Ground Squirrels in 
Shrub-Steppe Communities 

In pre-European times, shrub-steppe habitats in eastern 
Oregon and Washington and adjacent states were 
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inhabited by the smaller ground squirrels of the genus 
Spermophilus. Like other ground squirrels they were 
sedentary, and rivers and other barriers were significant 
obstacles to gene flow. n 37 Consequently, they diverged 
into a complex of 7 species, each with a separate range 
but all with similar ecological roles. Larger species of this 
genus, such as Columbian and Belding's ground squirrels, 
also inhabited shrub-steppe habitats, but were generally 
in deeper soils, and frequently in more mesic habitats, and 
are not considered here. Each species occupied a separate 
geographic area. In Washington, Townsend's ground 
squirrel lived between the Cascade Mountains and the 
Yakima River,·?' ,2 whereas a similar, but chromosomally 
distinct form occurred between the Yakima and Columbia 
Rivers."" The Washington ground squirrel formerly 
occupied the Columbia Basin between the Columbia River 
and the range of the Columbian ground squirrel to the 
east, and extended south into the Columbia Basin of 
Oregon.· Merriam's ground squirrel (5. canlls canus) 
occupied the shrub-steppe communities in central Oregon, 
except in Malheur County where it was replaced by the 
similar S. c. vigilis.-l7. 33. 1.9 These small ground squirrels 
remain poorly studied, but available information indicates 
that they prefer deep, well-drained sandy to loamy soils·' 
3" but otherwise occur in a variety of native vegetation 
types. 124. 144. 167 

There is little information available on the abundance 
of ground squirrels in pre-European times. It is likely that 
their distribution was patchy, with sub populations acting 
as sources and sinks. Their distribution may have been 
driven by foraging needs, as small herbivores have a low 
digestive capacity and therefore depend on increasingly 
higher quality forage as body size decreases. 25 Ground 
squirrels depend upon high quality forage and an 
abundant supply of seeds in order to store the fat necessary 
to survive 8 months of hibernation. High quality forage 
in turn depends on wildfire and disturbance providing 
young, succulent, productive growth. In presettlement 
times, wildfires were patchy and post-burn succession 
generally maintained a mosaic of patches in various 
successional stages163 that would have allowed ground 
squirrels to move about the landscape monopolizing new 
growth as it appeared. 

Ground squirrels are important as a prey base for many 
of the predators in their ecosystems. In Idaho, Paiute 
ground squirrels are a keystone species, providing a critical 
food source for prairie falcons and an important prey 
source for red-tailed and ferruginous hawks, badgers, 
western rattlesnakes, and gopher snakes. They also are 
prey for long-tailed weasels, ravens, and others.167 

As burrowers, ground squirrels are important in mixing 
soils. I. 53, 137 For example, arctic ground squirrels were 
documented to move 19 tons of soil/acre/yr.112 They are 
important in soil aeration,57 and fertilize the soil with their 
feces and urine,42. 112, 136, 137, 141 resulting in significantly 
greener vegetation in the vicinity of their burrows,112 The 
burrows significantly increase water infiltration into the 
soil, which increases plant productivity, In an Idaho study, 
ground squirrel burrows increased productivity of 

bunchgrasses by about 20%."7· 68 In shrub-steppe 
environments, ground squirrels are important to the very 
plants they eat. 

Badgers feed extensively on ground squirrels, and areas 
with high ground squirrel densities usually have high 
densities of badger digs. 167 These badger digs also increase 
water infiltration and aeration of the soil53 and provide 
nest sites and shelter for a variety of wildlife, Thus, the 
presence of ground squirrels has positive effects on other 
animal species, as well as on soil and vegetation, 

Invasion of exotic annuals has changed both the fire 
regimes and successional patterns in shrub-steppe 
habitats, Range fires burn much hotter in exotic annual 
infested rangelands, killing shrubs and allowing exotic 
annuals to out-compete native species. In many areas, 
native communities of shrubs, bunch grasses, and forbs 
have been replaced by annual grasses (especially 
cheatgrass) and dicots (particularly mustards). Ground 
squirrels will eat exotic plants, 166 but the productivity of 
these invasive plants varies annually with precipitation, 
providing an unstable food base for ground squirrels. In 
southwestern Idaho, ground squirrel populations are 
unstable in areas dominated by exotic annuals and are 
prone to extinction. lb7 This instability is compounded by 
the large amounts of indigestible silica in cheatgrass and 
especially in medusahead (Taeniatherium asperum) seeds, 
making them a poor food source regardless of the 
quantity. 123 

Fire also affects ground squirrels by reducing shrub 
cover. Although ground squirrels can survive in areas 
without shrubs as long as the herbaceous layer remains 
unchanged,106 in the long term their density decreases 
when shrub cover drops below 11 %, probably due to loss 
of protective cover, moisture changes, or other factors. 
Ground squirrel density also drops when shrub cover 
exceeds 20%, apparently due to reduced productivity in 
the herbaceous layer.59 

Agricultural conversion has had an even more drastic 
effect than exotic annuals on ground squirrel populations. 
In the Columbia Basin, agricultural conversion has 
reduced the Washington ground squirrel to a handful of 
isolated populations with low probability of long-term 
survivaP (E. Yensen, Albertson College, pers, obs.), 
Agricultural conversion likely has had similar effects on 
the Townsend's ground squirrel.45 No systematic survey 
has been done on Merriam's ground squirrel, but it seems 
to be extirpated over much of its range (E. Yensen, 
Albertson College, unpub!' data). In this case, vegetation 
changes favoring the larger Belding's ground squirrel may 
be responsible. 

Despite their importance in shrub-steppe ecosystems, 
ground squirrels generally have not been appreciated by 
humans. Ground squirrels do invade agricultural fields, 
eat alfalfa, grain and other produce, and dig holes in 
irrigation ditches. In return, ground squirrels have been 
poisoned, trapped, used for target practice, and reviled 
for over a century with little understanding of, or interest 
in, their ecological roles. Ironically, their demise has 
unfortunate ecological consequences for shrub-steppe 
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ecosystems that may portend economic losses as well. The 
decline of ground squirrels in some areas implies reduced 
productivity of the rangeland and, thus, lower value to 
grazing cattle. 

Ecology of large Herbivores in 
Shrub-Steppe 

Living in warm, arid climates presents unique challenges 
to large mammals in terms of water conservation and 
maintenance of homeothermy.94 As previously noted, the 
availability of drinking water is an important component 
of suitable habitat for large herbivores in the shrub­
steppe.3D,86 Large herbivores also have relatively high 
forage intake demands; this intake rate is strongly 
correlated with the biomass of acceptable forage. 15,155 
Accordingly, minimum forage biomass would also be 
expected to limit the types of arid environments that large 
herbivores can effectively exploit.84 Among ruminant 
herbivores, smaller animals tend to have lower intake 
demands, but because of morphological and digestive 
constraints, require higher quality forage relative to larger 
ruminants.48,58 Smaller ruminants can afford the costs of 
selective herbivory typically required to obtain high 
quality diets. Larger ruminants have high intake demands 
and must maintain high intake rates in order to meet these 
demands within the amount of time they invest in 
foraging. Therefore, it has generally been theorized that 
smaller ruminants are typically forage-quality limited, in 
contrast with larger ruminants that are expected to be 
constrained more by forage quantity. 58 

Because of low primary productivity in the shrub­
steppe relative to more mesic habitats of the region, it 
would seem that the shrub-steppe would be a more 
suitable environment for small ruminant herbivores. 
However, many shrub-steppe associations are dominated 
by bunchgrasses and nonpalatable shrubs such as big 
sagebrush. Because of high silica content and relatively 
thick cell walls, grasses are not easily digested by small 
herbivores. 

Photograph 8. The Rattlesnake Hills elk 
herd resides entirely in shrub-steppe 
habitat in eastern Washington. 
Elsewhere, shrub-steppe serves as 
winter habitat for some migratory 
populations of elk. Arid lands ecology 
reserve, Benton County, Washington. 
(5. McCorquodale, Yakama Nation). 

Contemporary shrub-steppe habitats are exploited by 
3 large ruminant herbivores: pronghorn antelope, mule 
deer, and elk. Bison occurred historically in the shrub­
steppe of southeast Oregon,145 and there is archaeological 
evidence that they once occurred in the shrub-steppe of 
the Columbia Plateau.1D3 Of the 3 contemporary shrub­
steppe ruminants, only the pronghorn is a steppe 
specialist. Pronghorns an~ widespread in steppe-like 
habitats of western and midwestern North AmericafL35 but 
the shrub-steppe of eastern Washington and Oregon 
represents the fringe of their distribution. The pronghorn 
is well suited for occupation of open' steppe-like country.12 
As previously noted, pronghorns have a pronounced 
affinity for plant associations with a strong sagebrush 
component,135 and their distribution conforms relatively 
well to the distribution of areas occupied by Artemisia 
species. Pronghorns are the only ruminant herbivore in 
North America that forages heavily on sagebrush, a 
relatively unpalatable and poorly digested shrub. 
Pronghorns also seasonally consume a diverse array of 
forbs, although they generally consume little grass.135, 168, 
169 Pronghorns are relatively common in eastern Oregon 
but have been extirpated in eastern Washington.135 The 
factors relating to their disappearance in Washington are 
not well understood, but competition with livestock for 
palatable forb species and the generally large-scale 
conversion of sagebrush-dominated rangelands to other 
uses are implicated. 

Mule deer are generalists and occur in a relatively broad 
array of habitats of western North America from densely 
forested coastal areas to arid deserts of the southwest.15o 

Mule deer are relatively common in the shrub-steppe of 
eastern Oregon and Washington, although their 
distribution is far from uniform?O On the Hanford Site of 
southcentral Washington, mule deer densities are highest 
near riparian areas such as the Columbia River shoreline, 
waste ponds, and perennial springs. 29, 144 Individual 
Hanford Site mule deer also make disproportionate use 
of areas near water. 30 Carson and Peek13 found that mule 
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I :The Rattlesnake Hills Elk Herd 

Until recently, shrub-steppe communities were not 
thought to be year-round habitat for elk. I". 45 

Although elk were known to use shrub-steppe 
habitat cLlntiguous with forested habitats during 
severe winters, elk were generally thought to be 
precluded from year-round occupation of shrub­
steppe due to low forage productivity and the 
inability to tolerate high thermal loads. In 1972, 
however, a small group of elk colonized the shrub­
steppe habitat of the Hanford Site in southcentral 
Washington. 114 This group, commonly known as 
the Rattlesnake Hills elk herd, has been studied 
extensively. The original colonizing group of -1:-7 
elk grew rapidly because of high reproductive 
output and extremely high first-year survival." 
Despite the fact that shrub-steppe had been 
considered unsuitable year-round habitat for elk, 
individual fitness, indexed by reproductive 
success in females and age-specific antler growth 
in males, has been exceptional in the Rattlesnake 
Hills elk population.'" '7 88 Currently this 
population numbers >700 individuals (B. Tiller, 
Battelle Memorial Institute unpubl. data). 

Although primary production is low in shrub­
steppe relative to forested environments, energetic 
modeling has indicated that shrub-steppe 
communities may rival or exceed more productive 
environments in terms of forage energy 
availability because all production occurs in the 
herbaceous and shrub layers. 84 Grass-dominated 
associations typical of eastern Oregon and 

deer in northcentral Washington preferred riparian cover 
types and areas with some topographic diversity as 
opposed to flat expanses of shrub-steppe vegetation. Mule 
deer in the shrub-steppe consume diverse diets typical of 
a generalist herbivore, but forbs and the early growth of 
shrubs are particularly important, \44 consistent with 
energetic predictions. Large areas dominated by 
bunchgrasses and lacking palatable shrubs do not seem 
to be vegetation types exploited effectively by mule deer.7u 

Although mule deer and elk may be residents of the 
shrub-steppe region (see Box 1), some migratory 
populations also use shrub-steppe exclusively as winter 
habitat. Where shrub-steppe occurs adjacent to low­
elevation xeric forest, suitable arrays of forage species and 
biomass and favorable climatological features make shrub­
steppe rangeland highly valuable winter range, especially 
during severe winters. In eastern Oregon and Washington, 
large numbers of migratory deer and elk display this 
seasonally intense use of shrub-steppe winter range, 
although during the warme months they use higher 
elevation forests. 

Washington shrub-steppe seem to be well suited 
to exploitation by elk; forage biomass typical of 
many shrub-steppe communities is above that 
considered minimum for elk. s4. 133 In grass­
dominated communities, elk seem to be 
competitively superior to mule deer. 

Elk in the shrub-steppe use a broad array of 
plant associations. Telemetry data indicate that 
stands with a sagebrush overstory are used 
heavily by elk for bedding, particularly during the 
heat of summer.SY Foraging elk, however, have 
shown an affinity for grass swards where 
historical fires have eliminated sagebrush." Elk 
diets are diverse in the shrub-steppe, with grasses 
dominating spring and winter diets, and forbs 
dominating summer and fall diets. 82

•
s5 

The Rattlesnake Hills elk population has shown 
little dependence on shrub forage, even during 
winter, but the predominant shrubs in the herd 
range, sagebrush, greasewood (Sarcobatus 
vermicuiatlls), and spiny hopsage (Atripiex spinosa) 
are not considered good elk forage. 

Other factors have contributed to the success of 
the Rattlesnake Hills elk population. The portion of 
the Hanford Site occupied by elk is topographically 
diverse,82 and access restrictions associated with 
Hanford Site security are believed to limit 
harassment to levels tolerable to elk.89 The presence 
of perennial springs in the southern portion of the 
Hanford Site are probably essential to the 
thermoregulatory strategy of elk in high thermal 
loading environments.89.!05 

Reptile and Amphibian Communities 
in Shrub-Steppe 

Relative to other classes of terrestrial vertebrates, diversity 
of amphibians in shrub-steppe habitat of Oregon and 
Washington is low (10 of the 32 species occurring in these 
two states). Only 3 of 21 species of salamanders occur in 
shrub-steppe habitat: long-toed salamander, tiger 
salamander, and roughskin newt. Seven of 11 native 
species of anurans occur in shrub-steppe. Great Basin 
spade foot toad, western toad, and Woodhouse's toad are 
the anuran species most likely to be found in shrub-steppe 
away from standing water. In southeastern Idaho, Great 
Basin spadefoot toads may be found in shrub-steppe as 
far as 5 km from standing water (S. Cooper Doering and 
C. Peterson, Idaho State University unpubl. data). Ranid 
frogs are most closely associated with wetlands. Columbia 
spotted frogs in southwestern Idaho, for example, spend 
most of their time within several meters of water (T. 
Carrigan, Bureau of Land Management unpub!. data). 

The occurrence and distribution of some anuran species 
has changed within the last 30 years. Northern leopard 
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frogs have disappeared from many sites in Oregon and 
Washington where they occurred previously.\31 Bullfrogs 
have been introduced into Oregon and Washington and 
pose a threat to native species such as northern leopard 
frogs, spotted frogs, and western pond turtles.n 1'1 

In contrast to amphibians, reptile diversity in shrub­
steppe habitat is relatively high (21 of 28 native species in 
Oregon and Washington). Lizards are the group of reptiles 
most associated with shrub-steppe (9 of 11 species in 
Oregon and Washington). No lizard species occurs 
exclusively in shrub-steppe, but 3 species (Mojave black­
collared lizard, long-nose leopard lizard, and desert 
horned lizard) occur only in shrub-steppe, dwarf shrub­
steppe, and desert playa/salt scrub shrub lands. 

Ten of the 15 (67%) snake species in Oregon and 
Washington occur in shrub-steppe habitat. The ground 
snake occurs only in shrub-steppe, dwarf shrub-steppe, 
and desert playa/salt scrub shrublands. Striped 
whipsnakes occupy these three habitats plus juniper and 
mountain mahogany woodlands, whereas night snakes 
are found in the same habitats as striped whipsnakes plus 
eastside canyon shrub lands. Three species (racer, gopher 
snake, and western rattlesnake) occur in a wide variety of 
habitats, including shrub-steppe. Three more species 
(rubber boa, western terrestrial garter snake, and common 
garter snake) also occur in a wide variety of habitats, 
including shrub-steppe, especially near water. 

Although both species of freshwater turtles (painted 
turtle and western pond turtle) occur more frequently in 
other habitats, they use shrub-steppe if near permanent 
water (marshes, slow rivers and streams, ponds, or lakes 
with abundant aquatic vegetation). These turtles venture 
onto land to bask or to disperse, and they may lay their 
eggs in nests up to 150 and 800 m, respectively, away from 
water."8. HI 

Although species richness of amphibians and reptiles 
is lower than that of birds and mammals in Oregon and 
Washington shrub-steppe, amphibians and reptiles can be 
very important ecologically. Because their long-term 
conversion efficiencies are many times higher than those 
of birds and mammals, they can contribute 
disproportionately to biomass production and make large 
amounts of energy available to other trophic levels. no For 
example, Turner at a!.140 found that the annual biomass 
produced by side-blotched lizards in the Nevada desert 
was equal to or greater than that of birds and mammals 
in desert and grassland habitats. 

General Organizing Principles: 
Reptiles and Amphibians 

The presence of water is an essential habitat feature for 
the amphibians occurring in Oregon and Washington 
shrub-steppe. All of these amphibians breed in len tic 
environments (e.g., marshes, pools, ponds, side-channels, 
or oxbows). Consequently, the presence of standing or 
slow-moving water for 2.t least the time required for eggs 
to hatch and larvae to compleL metamorphosis is required 
for successful reproduction. However, because many of 
these species can live for considerable lengths of time (> 10 

years in some species), suitable breeding habitat does not 
have to be present every year. Temperature variation 
among shrub-steppe communities does not seem to 
explain differences in the occurrence of amphibian species 
within Oregon and Washington. 

Because reptiles are ectothermic, thermal conditions 
playa key role in determining the occurrence, distribution, 
and numbers of reptiles that will be found in shrub-steppe 
habitats. In general, reptile species richness decreases with 
increasing latitude and altitude.60 The number of reptile 
species decreases by over 40% between southern Oregon 
and northern Washington. For example, Mojave black­
collared lizards and ground snakes do not occur in 
Washington, and side-blotched lizards and striped 
whipsnakes do not occur north of central Washington. 
Within a landscape, the distribution and abundance of 
reptiles will vary with topography. For example, snake 
dens are usually located on south facing slopes43. 61 (5. 
Cooper Doering and C. R. Peterson, Idaho State University 
unpub!. data). 

For many species of reptiles, it is likely that the time 
available for embryo development at appropriate 
temperatures is the condition that limits distribution. For 
example, biophysical analyses indicate that adult and 
juvenile desert iguanas could survive in shrub-steppe 
habitat in Washington, but that soil temperatures are too 
low to allow successful incubation of eggs. I09 Gravid 
rubber boas and western rattlesnakes have been observed 
at den sites in the late fall of cool years in southeastern 
Idaho, indicating that summer temperatures were not 
sufficiently high to allow the embryos to develop (M. E. 
Dorcas, Davidson College, pers. comm., J. Lee, Idaho State 
University pers. comm.). These field observations, 
combined with laboratory studies of the thermal 
dependence of embryo development14 and observations 
of the inability of embryos to survive simulated 
hibernation (M. Dorcas, Davidson College pers. comm.), 
suggest that the amount of time at suitable temperatures 
available for embryo development may play an important 
role in setting the distributional limits of snakes. Indeed, 
the evolution of viviparity in reptiles is generally viewed 
as an adaptation to cool conditions.1l1 

Vegetation structure and floristics seem to explain less 
of the variation in occurrence and distribution of reptiles 
than in birds and mammals. In developing GIS models 
for predicting reptile distributions for the Idaho Gap 
Analysis project, Butterfield et a!. 11 found that factors other 
than vegetation appear to limit the distribution of many 
reptiles. These factors may include temperature, moisture, 
and the special habitat features previously described. 
Nevertheless, vegetation does influence reptiles in several 
ways. Vegetation structure may influence reptiles directly; 
for example, sagebrush lizards in northcentral Oregon use 
habitats with tall shrubs (thermal cover and protection 
from avian predators) and sparse ground cover (ease in 
detecting and pursuing prey) (G. Green, Foster Wheeler 
Environmental Corporation, unpub!' data). Because most 
reptiles inhabiting shrub-steppe are carnivorous, 
differences in vegetation probably influence reptile 
occurrence indirectly via the habitat affinities of their prey. 
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Management Issues in 
Shrub-Steppe 

In this section we consider some of the management issues 
that ha\'C had (and likely will continue to have) 
considerable impact on shrub-steppe communities at a 
regional scale. There are certainly other threats to shrub­
steppe communities, particularly at the local scale (e.g., 
real estate development and inundation by water projects), 
but we limit our discussion here to more widespread 
issues. 

Conversion to Agriculture 
There is little doubt that the conversion of native plant 

communities to agricultural uses has had, and continues 
to have, profound effects on shrub-steppe habitats in the 
Columbia Basin. Beginning ,\lith the westward migration 
of Euro-Americans in the mid-1800s that brought farmers 
into the deserts of Oregon and Washington, and 
accelerated by the damming of the Columbia River that 
made large-s~ale irrigation possible, about U.8 million 
acres (6 million ha) of shrub-steppe have been converted 
to wheat fields, row crops, and orchards. \lJ Agricultural 
development has been most pronounced in Washington 
where >50% of the land originally in shrub-steppe has 
been converted" (Figure 1). This large-scale displacement 
of one habitat type for another has substantially reduced 
the area available to native shrub-steppe wildlife. 
Moreover, the addition of new, human-related habitats 
(agricultural and rural development) has elevated the food 
base for some predators (e.g., magpies and gulls) and 
likely their populations as well, with unknown impacts 
on shrub-steppe wildlife. The addition of cattle feedlots, 
pastures, and lawns to the landscape has enhanced the 
suitability of the area for brown-headed cowbirds, a nest 
parasite that lays its eggs in the nests of other birds and 
thereby depresses the host bird's reproductive success. 

Agricultural conversion has not occurred randomly 
across the landscape, but instead has focused on the most 
arable, deep soil communities. This has resulted in a 
disproportionate loss of these communities and an 
increase in the proportion of shallow soil shrub-steppe 
habitats on the landscape (Figure 2). Some species of 
shrub-steppe wildlife, such as badgers, ground squirrels, 
and burrowing owls, depend on deep soil communities. 
The pygmy rabbit, listed as endangered in Washington, is 
found only in deep, loamy soil sagebrush stands. 
Furthermore, some shrub-steppe passerines occur in 
greater abundance in loamy soil communities than in other 
soil types. I-l 7 Conversion of deep soil shrub-steppe 
communities to irrigated agriculture will likely continue 
in the foreseeable future, making this one of our most 
endangered arid land communities. 

Although loss of native plant communities should be 
avoided, some habitats associated with agricultural 
development can have values for wildlife. Wetlands 
associated with agricultural development provide 
breeding and feeding areas for species not typically 
associated with shrub-steppe. Wetlands created as part of 
numerous irrigation projects provide habitat for various 

nesting waterfowl and marshland birds, as well as 
amphibians and aquatic mammals. These areas also serve 
as migration stop-over sites for waterfowl. Wetlands With 
a woodland component provide stop-over sites for 
passerines that historically used naturally occurring 
wooded riparian habitats, a resource that has been greatly 
depleted. 

Farm fields enrolled in the Conservation Reserve 
Program (CRP) can have considerable value to shrub­
steppe birds. These fields are taken out of production for 
;:::,10 years and planted to tame grasses such as crested 
wheatgrass, providing nesting habitat for greater sage­
grouse (M. Schroeder, WDFW pers. comm.) and 
grasshopper sparrows\07 on lands that offered few s~ch 
values when under cultivation. As sagebrush colomzes 
CRP fields via seeds from adjacent shrub-steppe, habitat 
value increases because of added structure and food for 
sage-dependent species. The value of CRP fields to shrub­
steppe wildlife could be increased by planting them with 
native vegetation and extending the period of enrollment. 

Habitat Fragmentation 
The pattern of agricultural conversion within the shrub­
steppe of eastern Washington and northcentral Oregon 
has resulted in a highly fragmented landscape (Figure 1). 
Where once native grasslands and shrub lands stretched 
unbroken for thousands of square miles, there exists now 
only fragments of native habitats in a matrix of agricultural 
fields. This breakup of formerly contiguous habitats can 
have detrimental effects on species occurrence and 
population dynamics. Much of the research documenting 
fragmentation effects has examined avian communities 
in forested ecosystems, although some recent work has 
focused on grasslands and shrub lands.'" 63. 1-l7 

Some forest bird species are area sensitive and will not 
b I . . . 1-l II? inhabit habitat patches e ow a mmimum SIze .. 

Extensive surveys in Washington suggest that sage 
sparrows are most likely to occur in blocks of shrub-steppe 
>2,470 acres (1,000 ha) and that male sage sparrows found 
singing in small fragments are unlikely to maintain a 
territory or attract a mate (WDFW unpub!. data). 
Numerous studies have documented greater rates of nest 
predation28. 152. 163 and nest parasitism9• 118 in fragmented 
landscapes. Elevated rates of nest predation and 
parasitism may result from an increase in the number of 
predators and brown-headed cowbirds in frag~ented 
landscapes and an increase in habitat edge. In Washmgton, 
3 shrub-steppe birds (Brewer's sparrow, lark sparrow, and 
sage thrasher) showed evidence of lower nesting success 
in fragmented shrub-steppe compared to contmuous, 
unbroken tracts (WDFW unpub!. data). Cameras 
monitoring artificial nests baited with quail eggs revealed 
that black-billed magpies and common ravens likely were 
responsible, at least partly, for increased predation on nests 
in fragmented landscapes (WDFW unpub~. data). As 
remnant habitat becomes smaller and more tragmented, 
it is under greater influence of the surrounding 
landscape157 and more susceptible to external influences, 
be they predators, nest parasites, potential competitors, 
or the wind-blown seeds of exotic weeds. 
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Photograph 9. Shrub-steppe 
communities of eastern Washington 
and northcentral Oregon have been 
fragmented by agricultural conversion. 
Douglas County, Washington. (M. 
Vander Haegen, WDFW). 

Fragmentation of the shrub-steppe landscape very 
likely has disrupted the dynamics of dispersal and 
immigration that allows populations to persist over large 
areas. Stochastic events may cause the extirpation of a 
species from one habitat patch, necessitating recruitment 
from nearby patches to reestablish a population. Highly 
fragmented landscapes have lower connectivity, meaning 
that dispersing individuals must cross unfavorable lands 
(in this case agricultural fields or developed lands) to move 
from one habitat patch to another. In theory, the smaller 
the patch and the more distant other population sources, 
the lower the probability that recolonization will occur?5, 
164 Species with small home ranges and limited dispersal 
capabilities, such as many small mammals and reptiles, 
are most likely to be affected (see Box 2). For species that 
normally occur at relatively low densities, such as the 
northern grasshopper mouse and pygmy rabbit, small 
breeding assemblages could become genetically isolated 
and vulnerable to extirpation.65,66 Likewise, for 
populations that are prone to dramatic cyclic fluctuations 
in population size, such as lagomorphs, fragmentation 
may increase the probabilities of local extinctions 
associated with decline phases in isolated populations. 
Although research has addressed the consequences of 
genetic isolation and the probability of persistence for 
small populations in fragmented forest communities,71,93 
little work has been done in shrub-steppe. 

Livestock Grazing 
With the rise of the Cascade Range in the early Pliocene, 
maritime influences east of the range diminished and the 
Intermountain West became drier, with rainfall patterns 
for the most part centered in the fall and winter. Grasses 
capable of estivating during the dry summer months, such 
as Agropyron, Poa, and Festuca, dominated the landscape.23, 
77 In turn, the lack of moisture in the plants during the 
summer months, coupled with poor distribution of 
drinking water, may have imposed severe constraints on 
the establishment of significant numbers of large 

herbivores, especially bison?7 For whatever reason, herds 
of native ungulates never reached the numbers in the 
shrub-steppe regions of Oregon and Washington that they 
did east of the Rocky Mountains. Consequently, the 
Agropyron, Poa, and Festuca dominated grasslands of 
Oregon and Washington may have been poorly adapted 
to withstand the grazing pressures of European livestock 
introduced over the last 200-300 years. 

The legacy of livestock grazing in the shrub-steppe 
regions of Oregon and Washington began about 1700 when 
the Shoshone brought horses into southeastern Oregon 
from the Spanish missionaries at Santa Fe.46 By 1730, horses 
had reached the Columbia Basin, where the Nez Perce and 
Cayuse built herds into the thousands by 1800.35 The 
impact of these horses on the local grassland ecology is 
unrecorded. Cattle grazing as an industry did not begin 
east of the Cascades until the 1860s, but quickly expanded, 
reaching its zenith in the late 1870s. At about the same 
time cattle began competing with hundreds of thousands 
of sheep and the thousands of horses needed for cattle 
raising, plus thousands more unattended Indian ponies 
called "cayuses." By 1885 the range was showing signs of 
deterioration. Farming in the latter part of the century not 
only fueled greater competition on less and less range, 
but it brought with it exotic seed contaminants such as 
cheatgrass, Jim Hill mustard (Sysimbrium altissimum), and 
Russian thistle (Salsola kali), that facilitated further 
deterioration of the range. As a result of public outcry 
about poor range conditions, the Federal government 
finally gained control of all unclaimed rangelands with 
the Taylor Grazing Act in 1934. 

Today, grazing management is dictated by the science 
of range management defined by Stoddart et al,133 as 
optimizing the returns from rangelands in those 
combinations most desired by and suitable to society 
through the manipulation of range ecosystems. 
Manipulation in the Intermountain West mostly has 
involved reseeding of deteriorated rangelands with non­
native grasses (largely because seed sources for many 
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2: Spatial Scale 

The scale at which different species use a 
landscape varies Widely, as does our knowledge of 
this component of wildlife ecology. Sage and 
sharp-tailed grouse, both resident species, may 
cover a considerable area over the course of a year 
as they fill their various needs for breeding, food, 
and cover. A female sharp-tailed grouse must visit 
a male on his lek in the spring, then locate suitable 
nesting cover to lay and incubate a clutch, rear her 
young in suitable brood cover, perhaps move to 
another area as she tracks changing food resources 
in the fall, and then complete the year in riparian 
cover where hardwood trees provide buds as a 
source of winter food. Her annual home range 
may cover 1,000 acres (405 hal and include a 
multitude of vegetation communities. lo A female 
greater sage-grouse may include> 10 miles: (26 
km2

) in her breeding season home range alone. 12
• 

In contrast, a Brewer's sparrow arrives in the 
shrub-steppe after having spent the winter in 
South America, establishes a <2.5 acre (1 hal 
territory in a big sagebrush standl"U and may 
spend the entire breeding season nesting and 
rearing young on this small territory. 
Fragmentation and other changes in the landscape 
likely will affect these two species quite 
differently. However, our knowledge of the habitat 
needs of most shrub-steppe passerines is meager 
and is focused primarily on the breeding territory. 
There may be other needs, such as critical 
premigratory habitats or post-fledging habitats, 
that we are not aware of and that would expand 
the landscape use of species like Brewer's 
sparrows. 

Large mammals have relatively large home 
ranges, and in shrub-steppe they may require 

native grasses were simply not available), and establishing 
seasonal grazing regimes designed to prevent further 
deterioration of rangeland.;l m However, these present­
day systems are still designed to maximize livestock 
production, often to the detriment of shrub-steppe 
wildlife. 

Do present day grazing practices benefit or adversely 
affect shrub-steppe wildlife? The answer is mixed. Some 
wildlife species, such as long-billed curlews lO• and 
burrowing owls" may actually benefit from reduced 
vegetational structure (grazed perennials or low-statured 
annuals), and Great Basin pocket mice will attain high 
population numbers in pure cheatgrass stands. 127 

However, ground-nesting birds and small mammals that 
require protective cover from vegetation may not benefit, 
especially if they become more susceptible to predation. 

The greatest impact from grazing, however, is probably 
the perpetuation of the weed legacy from livestock 

access to large tracts of habitat to be successful.2" ~4, 
'" loY Large mammals such as elk have remarkable 
dispersal abilities, however, and thus are less 
prone than smaller mammals to becoming 
genetically isolated by fragmentation unless the 
distance between patches becomes very large. 

Meso-sized and small mammals have smaller 
home ranges, and therefore patch scale has 
different implications relative to large mammals. 
Small mammals can, in theory, continue to exploit 
small patches of shrub-steppe."· However, because 
of small home range sizes and limited dispersal 
abilities, fragmentation of shrub-steppe habitat 
may effectively isolate many populations of meso­
sized and small mammals, with undetermined 
consequences. 

Although reptiles generally respond to their 
environments on a finer spatial scale than birds or 
most mammals, a wide range of variation exists in 
the size of areas used by different species. 
Territorial, sit-and-wait predators, such as 
side-blotched lizards, move on a scale of feet and 
have home ranges of <5,000 feet2 (500 m2)Y" In 
contrast, active, Widely foraging species, such as 
the western whiptaillizard, have home ranges 
several times larger.Yo Some species of snakes that 
use communal overwintering sites may seasonally 
migrate several miles in one direction and have 
home ranges of hundreds of acres (e.g., western 
rattlesnakes). 1. Species with smaller spatial 
requirements may be better able to persist for 
short periods of time in fragmented habitats; 
however, it is unclear whether their long-term 
persistence will be lesser or greater than those 
species that require large home ranges but are 
better able to recolonize areas where populations 
have gone locally extinct. 

trampling of the soil. The friable soils of the shrub-steppe 
zone, espeCially in the drier areas, are held together by 
layers of cryptogamic mosses and lichens. This 
cryptogamic crust can prevent establishment of annual 
weeds and provide a moisture cap that reduces soil 
evaporation. However, the trampling action of livestock, 
especially horses and cattle, can degrade these layers and 
provide seed beds for cheatgrass and weedy forbs. Dense 
stands of cheatgrass not only outcompete native 
bunchgrasses (especially for moisture in the early stages 
of growth), but are also susceptible to hot wildfires that 
can virtually eliminate sagebrushY Consequently, 
whereas the proximate effect of livestock grazing on 
wildlife may be the removal of grass and forb biomass 
important as forage and cover to many wildlife species, 
the ultimate effect may be perpetuation of weedy annuals 
that out-compete native plants that local wildlife have 
adapted to use. 
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Photograph 10. Grazing by livestock 
has profoundly influenced the 
vegetation in many shrub-steppe 
communities. Grand Coulee, Douglas 
County, Washington. (M. Vander 
Haegen, WDFW). 

The Fire/Cheatgrass Cycle 
Another human-caused agent of change that threatens to 
degrade shrub-steppe habitats, related in part to 
agricultural practices and to livestock grazing in particular, 
is the conversion of extensive areas to simplified annual 
grasslands. Cheatgrass is an exotic annual grass that was 
introduced to the Intermountain West sometime in the late 
1800s, probably as an agricultural pest,76 Overgrazing of 
native bunchgrass communities by livestock led to 
deterioration of the range and opened the door for the. 
widespread invasion of this exotic annual grass,?6 Each of 
the arid and semi-arid grassland and shrub land habitat 
types in eastern Oregon and Washington is susceptible to 
cheatgrass invasion.ll3 Characteristics of cheatgrass's life 
history and physical structure, coupled with a native flora 
ill-equipped to compete with this new invader, have 
allowed it to change the composition of shrub-steppe 
communities and even alter ecosystem processes.21 

Cheatgrass is a winter annual that goes to seed early in 
the year and generally desiccates in spring or early 
summer. A native of the Mediterranean region, it is 
adapted to the climate of eastern Oregon and Washington 
and, unlike the native bunch grasses, can thrive under 
heavy livestock grazing. Cheatgrass rapidly colonizes bare 
soil and moves readily into disturbed sites. Intact 
communities with native bunch grasses and a healthy 
cryptogamic crust can keep the invader in check; however, 
heavy grazing of native grasses and mechanical 
breakdown of the cryptogamic crust through trampling 
can provide a window for cheatgrass to spread and exert 
dominance. Wildfire also can provide a window of 
opportunity by killing shrubs and making valuable soil 
moisture available to cheatgrass for germination and 
growth. Cheatgrass recovers quickly following wildfires 
and can out-compete native grasses.9! 

The most extreme changes that cheatgrass has caused 
in the West have resulted from repeated wildfires and the 
response of cheatgrass to post-fire conditions.21 Native 
bunchgrasses generally grow sparsely, with forbs and bare 

soil or cryptograms between plants. This discontinuous 
fuel layer does not carry a fire well, and wildfires in these 
communities typically burn patches, creating a mosaic of 
burned and unburned areas.154 Cheatgrass, in contrast, 
forms continuous stands that desiccate early in the season 
and carry fires well154 (Photograph 11). As a result, burns 
in cheatgrass are larger and more frequent. As cheatgrass 
biomass increases, the ability of the community to carry 
fire also increases, resulting in a positive-feedback loop 
where fire promotes cheatgrass dominance, leading to 
more frequent fires. 21 On Idaho's Snake River plain, 
sagebrush communities evolved with a fire-return interval 
of 35-100 years; following invasion by cheatgrass, fire­
return intervals in some shrub-steppe communities are 
now as low as 3-5 years.154 

Increased fire frequency in steppe and shrub-steppe 
vegetation leads to a vegetation community with lower 
species richness.154 On frequently burned areas of Idaho's 
Snake River plain, almost all of the vegetation was 
introduced annuals-primarily cheatgrass.154 Vegetation 
life forms react differently and predictably to the fire/ 
cheatgrass cycle; essentially, annuals increase dramatically 
and all other plants decrease. 154 Wildfire kills big 
sagebrush, and because most species of sagebrush do not 
resprout from root crowns after fires, regeneration 
depends on the existing seed bank. Big sagebrush seeds 
are short-lived, and if fire returns before the new seedlings 
reach reproductive age (4-6 years) the species can be 
eliminated from the community.154 Even rabbitbrush, a 
common successional shrub in sage communities that 
readily sprouts after fire, can be lost from the community 
with fire-return intervals of 2-4 years.154 As cheatgrass­
fueled fires lead to more extensive burns, seed sources 
from adjacent, unburned areas become more distant and 
the patch dynamics that likely promoted revegetation in 
these communities historically no longer functions. This 
change in the fire frequency leads to a change in the 
trajectory of plant succession and represents an alteration 
of ecosystem processes.21 
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Research Needs 
A host of wildlife species have received little attention in 
ecological studies, yet have great potential to be affected 
by changes in shrub-steppe landscapes. This list would 
include many of the reptiles, amphibians, and small 
mammals. We need studies examining demography and 
habitat affinities of the Great Basin spadefoot toad, long­
nosed leopard lizard, night snake, sagebrush vole, and 
the full complex of ground squirrels, among others. We 
need a better understanding of the relationship between 
fossorial mammals and the species that depend on them 
for burrows and as prey. Fourteen species of bats are 
known to use shrub-steppe, yet we know little about their 
population trends, population dynamics, and habitat 
needs, or how disturbance by humans affects breeding or 
roosting activities. We need studies examining the effects 
of habitat fragmentation on the distribution and 
demography of shrub-steppe wildlife. We need to develop 
and implement surveys for sage sparrows, grasshopper 
sparrows, burrowing owls, and other birds that are not 
covered sufficiently by the Breeding Bird Survey, as well 
as for reptiles and mammals that are not easily observed. 

We know little about how the condition of extant shrub­
steppe varies across the landscape. Mapping shrub-steppe 
communities across a gradient of conditions, from pristine 
to highly degraded, would provide a more realistic 
assessment of the current status of the resource and would 
be invaluable for future modeling of wildlife distribution. 
Livestock grazing has altered the vegetaion in many shrub­
steppe communities, yet we lack information on how these 
changes affect most wildlife species. We need research on 
the role of microbiotic rusts in maintaining ecosystem 
function and as an indicator of ecosystem integrity. Are 
microbiotic crusts an important component for some 
species? 

Expanding habitat linkages in rfagmented landscapes 
and increasing the amount of deep soil shrub-steppe for 
species such as pygmy rabbits and ground squirrels will 
require restoration of converted agricultural lands. How 

Photograph 11. Cheatgrass can form 
continuous stands that burn frequently, 
preventing reestablishment of the former 
vegetation community. Hanford Site, 
Benton County, Washington. Photo: M 
Vander Haegen, WDFW. 

do we restore native vegetation on former agricultural sites 
and maximize the chance of regaining the full range of 
ecological function? How do we restore native vegetation 
and ecological function to highly degraded rangelands? 
Agricultural lands errolled in CRP are a significant part 
of the landscape in eastern Washington. Research on the 
value of CRP to wildlife will help us assess its place in the 
shrub-steppe ecosystem and guide future enrollments to 
benefit native wildlife. 

Applying the Data Matrixes 
to a Management Example: 

Changes in the Wildlife Community 
Following Wildfire and Conversion to 

Annual Grasslands 

Loss of Shrubs 
Little published work has examined the effects of repeated 
wildfires and conversion to annual grasslands on shrub­
steppe wildlife communities. Loss of the shrub layer 
through repeated fires eliminates habitat for shrub nesting 
birds, including some key shrub-steppe obligates (sage 
sparrow, Brewer's sparrow, and sage thrasher). Although 
fidelity to their breeding site will sometimes bring adults 
back in the year following a fire10s or other catastrophic 
loss of the shrub layer,159, 161 without suitable nesting shrubs 
such returns are likely to be a short-term phenomenon. 
Loss of shrubs would be detrimental to some lizard 
species, reducing the availability of shaded sites needed 
for thermoregulation and cover used to avoid predators. 
When fire removes shrubs from a community, ungulates 
that browse on sagebrush, bitterbrush, and other shrubs 
lose valuable winter habitat. Updike et a1.142 documented 
a decline in big game winter range following fire, 
cheatgrass invasion, and suppression of shrub 
regeneration by cheatgrass. Species that depend on 
sagebrush for forage during all or part of the year, such as 
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Table 2. Numbers of species associated with shrub-steppe habitat type, modified grassland structural 
condition, and shrubs as a key habitat element, in Oregon and Washington. 

Species Shrub-steppe Modified Grasslands Shrubs as a key 

group Generally associated Closely associated Generally associated Closely associated element 

Birds 44 22 
Mammals 26 27 
Reptiles 20 0 
Amphibians 9 0 
Totals 103 49 

greater sage-grouse and pygmy rabbits, likely will be 
excluded as sagebrush communities degrade to annual 
grasslands. 

The Habitat Element Matrix (contained on the CD­
ROM) can be used to determine which species depend on 
shrubs as an important component of shrub-steppe habitat 
and to predict which species would be lost from the 
community as fire removes the shrub layer. A query of 
the matrix revealed 22 birds, 12 mammals, 6 reptiles, and 
1 amphibian that are associated with shrub-steppe habitat 
and require shrubs for some life function (Table 2). 

Conversion of the Herb Layer to Cheatgrass 
Changes in structure and composition of the herb layer 
that follow cheatgrass invasion also affect the wildlife 
community. Conversion of native forbs and bunchgrasses 
to exotic annuals results in a less stable food base for small 
herbivores like Townsend's ground squirrel, increasing the 
amplitude of their population fluctuations and the 
potential for localized extinctions.167 Long-billed curlews 
seem to prefer cheatgrass dominated sites for nesting in 
southcentral Washington2 and northcentral Oregon,104 
whereas some other ground-nesting birds have been 
found to occur at abnormally low densities in cheatgrass.7 

Birds that prefer open ground for foraging (e.g., sage 
sparrow and loggerhead shrike) avoid sites with dense 
cheatgrass.27

•
73 Conversion to cheatgrass probably would 

decrease availability of prey for lizards and make it more 
difficult for lizards to move about. Some snakes also would 
be negatively affected by such a conversion; night snakes 
and striped whip snakes prey largely on lizards and thus 
would likely be negatively affected by the loss of lizards 
due to habitat conversion. Preliminary results from a 
comparative trapping study conducted in the Snake River 
Birds of Prey Area in 1978-197926 and 1997-1998 a. Cossel, 
Jr. and C. Peterson, Idaho State University unpub!. data) 
are generally consistent with these predictions. Located 
in southwestern Idaho, much of this area has been 
converted from natural shrubland to non-native grassland. 
Although there is considerable year-to-year variation in 
the occurrence and trapping rates of reptiles, side-blotched 
lizards and night snakes seem to have declined whereas 
more generalist species like racers have increased. 

Changes in the wildlife community that might be 
expected following conversion of shrub-steppe to annual 

31 2 22 
34 0 12 
7 0 6 

10 0 I 
82 2 41 

grasslands can be derived from the matrixes. Sites 
dominated by cheatgrass are classified as modified 
grasslands in the Structural Condition Matrix. A query of 
this matrix revealed 82 species" generally associated" with 
annual grasslands and only 2 species classified as "closely 
associated." A query of the Wildlife-Habitat Matrix for 
species in shrub-steppe found 103 species "generally 
associated" and 49 species "closely associated" with this 
habitat type (Table 2). From the results of these queries 
we can conclude that the conversion of shrub-steppe 
communities to annual grasslands through the fire/ 
cheatgrass cycle can cause dramatic changes in the wildlife 
community. The change may be particularly severe in the 
breeding bird community, where 20 species closely 
associated with shrub-steppe (several of them obligates) 
are predicted to be excluded. There are limitations to such 
an analysis, and one must give careful thought to other 
factors that may influence species occurrence at a 
particular site. 
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