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Preface

The following report was prepared by University scientists through cooperative agreement, project science
gaff, or contractors as part of the ongoing efforts of the Interior Columbia Basin Ecosystem Management
Project, co-managed by the U.S. Forest Service and the Bureau of Land Management. It was prepared for
the express purpose of compiling information, reviewing available literature, researching topics related to
ecosysems within the Interior Columbia Basin, or exploring relationships among biophysica and
economic/socia resources.

Ms report has been reviewed by agency scientists as part of the ongoing ecosystem project. The report may
be cited within the primary products produced by the project or it may have served its purposes by
furthering our understanding of complex resource issues within the Basin. This report may become the basis
for scientific journd articles or technica reports by the USDA Forest Service or USDI Bureau of Land
Management. The attached report has not been through all the steps appropriate to fina publishing as either
ascientific journd article or atechnica report.
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PREFACE

The literature included in this review was generdly obtained from 5 sources: 1) refereed journa articles,
2) theses and dissertations, 3) symposium proceedings, 4) Forest Service research publications, and 5)
research publications from the wildlife management organizations of various western states. However,
in cases where information from the 5 primary literature sources did not provide adequate trestment of
certain topic areas, additiond information from alternative sources was included. Cautionary statements
pertaining to the gpplication of information from these dternative sources were included at dl locations

within this literature review where dternative information sources were used.

At the beginning of both, the Habitat section and the Diet section of this literature review, a short
description of the limitations of each of the different research methods used in the literature included in
these sections was provided. As there were no further cautionary statements included following these
sections, the reader should keep in mind the limitations of each of the different research methods when

interpreting the information provided in the remaining portion of this literature review.

The scientific names and authorities for the plants and animas discussed in this literature review are
liged in Appendix A.
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HISTORICAL DISTRIBUTIONS OF BIG GAME POPULATIONS: EASTERN OREGON,
EASTERN WASHINGTON, AND IDAHO

ROCKY MOUNTAIN ELK

EASTERN OREGON

Archeologica evidence reveds ek have occupied the Columbia Basin for gpproximately 10,000 years
(McCorquodae 1985). Studies cited by Kay (1990) indicate ancient elk remains were present at
archaeologica stesin eastern Oregon, however, these remains made up only avery small percentage of
the tota ungulate remains found at these Stes. The remains of deer and bighorn sheep were generaly
much more prevalent a archaeologica stesin eastern Oregon than were ek remains.

At archaeological stesin Elk Creek Basin of southern Oregon, Pettigrew and Lebow (1987) reported
that deer remains were found in human habitation layers dating back to 3,000 years ago while ek remains
were found only in habitation layers which were less that 1000 years old. In three archaeologicd Stesin
northeastern Oregon, Reid (1988) noted the remains of bighorn sheep, pronghorn, and bison were
present but deer and elk were absent.

Notably, much of the animal remains recovered from archaeological sitesin eastern Oregon have been
cleaved and broken into small fragments (Minor and Toppe 1984) indicating the ancient human
inhabitants of these Stes were attempting to extract as much food value from scarce prey resources as
possible (Schmitt 1986). Reid (1988) concluded if elk were as prevaent in prehistoric northeastern
Oregon as they are currently then, more elk remains should have been found at archaeological Sites
throughout northeast Oregon.

Early historical accounts of the elk populationsin eastern Oregon are often contradictory. Some of the
early explorers of the region report sightings and evidence of numerous ek. In 1812, Robert Stuart,
leader of John Jacob Astor's Tonquin Expedition remarked that, based on the number of shed antlers
nearby, alarge population of ek apparently frequented the Hot Lake area within the Grande Ronde
Valley of northeastern Oregon (Rollins 1935). In 1829, Peter Skeen Ogden, chief trader in the Oregon
Country for the Hudson's Bay Company, reported that the headwaters of the Crooked River in central
Oregon contained an abundance of ek. Captain Benjamin Bonneville, in 1834, noted that large numbers
of ek wintered in the Grande Ronde Vdley of Oregon (Irving 1885).

Other reports seem to indicate a scarcity of elk and large game in eastern Oregon. Lewis and Clark often
remarked on the lack of game animals during their travels through the Interior Pacific Northwest (Thwaites
1969). In 1832, John Bal, amember of Nathanid Wyeth's first expedition considered the sighting of fresh
ek tracksaong



the Powder River of northeastern Oregon noteworthy after finding little evidence of game since leaving the
"buffalo country” (Oregon Historica Society 1902) . Narcissa Whitman noted, in 1836, that the Cayuse
Indians of northeastern Oregon and southeastern Washington used camas roots rather than meet from
game animas asther primary winter food.

These contrasting reports appear to indicate that ek were not evenly distributed throughout Oregon
during pre-settlement time. From an ecologica standpoint, an uneven digtribution of ek in eastern Oregon
isnot surprising. Elk have been classified as mid serd species and, consequently, are typicaly found in
higher numbers in areas which are rebounding from disturbance. In eastern Oregon, during pre-settlement
times, the disturbance most likely to influence ek digtribution wasfire. It is quite possible that those early
travelers who reported a scarcity of ek in eastern Oregon had passed through areas that would have been
classfied astrangtory ek range where the vegetation was at the wrong end of the fire cycleto be
attractive to ek. (persona communication: Martin Vavra, Eastern Oregon Agricultural Research Center,
September 6, 1994). In 1805, Lewis and Clark noted ek and deer were difficult to find in the Selway
River area of 1daho. Large amounts of "fdlen timber" (possibly indicative of a dense, sagnated forest)
were also mentioned by Clark while in this area (Thwaites 1969). However, after the fires of 1910, ek
and deer numbersin the Selway areaincreased considerably (persond communication: Martin Vavra,
Eastern Oregon Agricultural Research Center, September 6, 1994).

During the grest westward emigration aong the Oregon Trail during the mid 1800s, ek were frequently
seen by settlersin eastern Oregon (Bailey 1936). However, by the late 1880s, the combined effect of
unregulated hunting, heavy livestock grazing, and tillage of -the native grassands nearly caused the
extirpation of ek in the Blue Mountains of Oregon (Irwin et a. 1994). In 1907, the totd ek populationin
Oregon was estimated to be 200 head (Seton 1927).

Regulated dk hunting was imposed in Oregon in 1904. The following year, ek hunting was banned within
the state. Hunting of Rocky Mountain ek in eastern Oregon remained illega until 1933 (Mace 1971). To
augment the remaining population of Rocky Mountain ek in eastern Oregon, trandocations of ek from
Jackson Hole, Wyoming and Y ellowstone Nationa Perk to northeastern Oregon were conducted in 1912
and 1913 (Bailey 1936, Couch 1953, Bryant and Maser 1982) .

In northeastern Oregon, Bailey (1936) reported that there was an estimated total of 710 head of ek living
in Baker, Umatilla, Union, and Walowa counties in 1916. Based on information from Bailey (1936) and
Shay (1954), Irwin et d. (1994) concluded that the total Rocky Mountain ek population in the Blue
Mountains of Oregon and Washington probably numbered less than "a few thousand animasin the
1920s’ . By 1932, there were an estimated 3, 000 head



of Rocky Mountain ek in Walowa county alone (Couch 1953).

Elk hunting was reinstated in eastern Oregon in 1933. During the decades of the 1940s, 50s, and 60s
the number -of hunters and the number of harvested ek in eastern Oregon generally increased. During
the decade of the 1970s, elk populations in eastern Oregon swelled by 45% (Edwards 1992). By
1976, the estimated Rocky mountain elk population for eastern Oregon was 60,000 head (Bryant and
Maser 1982) . Irwin et a. (1994) reported that the Rocky mountain ek population for Baker, Umatilla,
Union, and Wallowa counties was estimated at 58,500 head in 1980. During the winter of 1993, the
Oregon Department of Fish and Wildlife estimated that the Rocky Mountain ek population in eastern
Oregon totalled 61,400 (person communication: Tom Thornton, Oregon Dept. of Fish and Wildlife,
August 23, 1994).

EASTERN WASHINGTON

As noted above, ek have been present in the Columbia Basin, including eastern Washington, for the last
10,000 years (McCorgquodale 1985) - Kay (1990) reported that ek remains were found in 38 of the
58 archaeologicd stesin the Columbia Basin region of Washington. The ungulate remains at most of
these dtes were dominated (76%) by deer remains. Elk remains represented only 5% of the total
ungulate remains found at these Sites. As with the ungulate remains found at eastern Oregon 'sites, most
of the ungulate remains found at eastern Washington archaeologica stes was high fragmented. Olson
(1983) noted that even the mandible and phalanges were cracked open to extract the marrow. Marrow
extraction from these bones is highly labor-intensive and evidence of thistype of processing isindicative
of food or meat scarcity (Binford 1978, Olson 1983).

Higtorica accounts regarding the Rocky Mountain elk population in eastern Washington are apparently
not as numerous as those of eastern Oregon. However, it is probably reasonable to assume that the
higtorica influence on the ek in eastern Washington were smilar to those in eastern Oregon. Rocky
Mountain ek were probably unevenly distributed throughout the Blue Mountains of Washington,
portions of northeastern Washington, and to alimited extent, the Columbia Basin region of Washington
(McCorquodale 1985, Kay 1990).

Asin eagtern Oregon, ek were nearly extirpated from eastern Washington in the late 1880s as a result
of resource overexploitation (Bryant and Maser 1982). Seton (1927) estimated that the total elk
population in Washington was 1,500 head in 1907. Elk hunting was outlawed in eastern Washington
until 1927. Trandocations of ek from Y elowstone Nationa Park to Pomerory and WdlaWalla,
Washington occurred in 1913 (Bailey 1936). In 1918 and 1931, ek were trandocated from

Y ellowstone Nationd Park to Walla Walla and Dayton, Washington, respectively (Couch 1953).
Rocky Mountain ek populations in eastern Washington generdly



increased until the late 1970s. In 1979, the Rocky Mountain ek population in eastern Washington was
reported as "stable” at an estimated 24, 000 head (Washington Department of Game 1979) . In the
spring of 1994, the population estimate for Rocky Mountain ek living in eastern Washington was
25,000 (persond communication: Rolf Johnson, Washington Dept. of Wildlife. August 26, 1994).

IDAHO

Kay (1990) reported archaeological Sitesin the eastern Snake River Plains contained primarily bison
remains while ungulate remains from sites in the western Snake River Valey are predominately bighorn
sheep and deer. Of 15 Idaho sites examined only 5 contained ek remains accounting for only 1% of the
total remains recovered.

After crossing over the Bitterroot Divide into Idaho in 1805, Lewis and Clark noted that no ek and only
afew deer were killed by their hunters. Humbird (1975) suggested that, historicaly, ek were distributed
throughout most of Idaho but the most dense population occurred in the mountains of the eastern
portion of the state. During pre-settlement times, elk were probably not abundant in the northern,
panhandle region of Idaho (Bryant and Maser 1982). Seton (1927) described dl of 1daho except the
extreme southwestern corner as being "primitive’ or historical ek range. Aswith eastern Oregon, these
contradictions concerning the higtorical distribution of ek in Idaho suggest dk were unevenly distributed
throughout Idaho possibly in response to fire disturbance patterns (persond communication: Martin
Vavra, Eastern Oregon Agricultural Research Center, September 6, 1994).

Following the discovery of gold in Pierce, Idaho in 1860 the ek population in Idaho began to decline
(Bryant and Maser 1982). Seton (1927) estimated that the elk population of 1daho in 1907 was 5,000
head. In 1926, following the exploitative era of the late 1800s and early 1900s, the distribution of ek in
Idaho was limited to a narrow gtrip, including the Bitterroot Mountains and the Upper Sdmon River, in
the eastern portion of the state (Seton 1927).

Trandocations of elk from Y ellowstone Nationa Park and Jackson Hole, Wyoming to various areas
within Idaho occurred between 1915 and 1946 (Humbird 1975). Elk were eventually re-established in
40 of the 44 counties of 1daho. In 1976, the Rocky mountain elk population was estimated to be 51,
000 head (Bryant and Maser 1982) . In 1994, the Idaho Department of Fish and Game did not
cdculate forma population estimates for Rocky Mountain elk in Idaho. Instead, bull to cow and calf to
cow ratios were used asindices of ek population status. In 1994, elk herds within 34 of gpproximately
60 big game management units had bull to cow ratios ranging from 15 to 25 bulls per 100 cows.
Management unitsin the Upper Snake River area supported caf to cow ratios of 55 calvesto 100
cows (persona communication: LIoyd Oldenberg, 1daho Dept. Fish and Game. September 16, 1994).
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ROCKY MOUNTAIN MULE DEER

EASTERN OREGON

As noted above, ungulate remains recovered from archaeologicd dtesin eastern Oregon were
dominated by deer and bighorn sheep (Kay 1990). Reid (1988) reported that, in the Stockhoff and
Ladd Canyon stes in northeastern Oregon, deer remains were the only ungulate remains found.
However, a the Marsh Meadow Site, deer remains were missing but the remains of bighorn sheep,
pronghorn, and bison were present.

Deer and other ungulate remains found at Oregon sites were often highly fractured (Minor and Toppe
1984, Kay 1990) suggesting that intensve processing was gpplied in an attempt to extract as much food
vaue as possible from the remains (Schmitt 1986). Given this evidence, it is possible, athough deer
were the most prominent northeastern Oregon ungulate in the ancient human diet, deer were not
abundant or easily-obtained prey.

Early higtoric records indicated that deer were the most common ungulates killed by explorers and early
stlersin eastern Oregon (Irving 1885, Oregon Historica Society 1902, Thwaites 1969). However, the
frequent notations, made in the journals and diaries of these early travelers, about hardship and
sarvation due to lack of meat seemsto indicate that deer were not abundant in eastern Oregon during
that time,

Aswith ek, the population of mule deer in eastern Oregon declined during the exploitative era of the late
1800s and early 1900s. By the late 1920s, the mule deer population of Oregon was estimated to be as
low as 39,000 head (Bailey 1936). Under improving resource conditions and better wildlife
management mule deer populationsin eastern Oregon have generaly increased since the 1920s. In the
spring of 1994 the population of mule deer in Oregon was estimated to be 216,600 (personal
communication: Tom Thornton, Oregon Dept. of Fish and Wildlife. August 23, 1994).

EASTERN WASHINGTON

Archeologicd evidence indicates deer (probably mule deer) were one of the most common ungulatesin
the diet of prehigtoric human inhabitants of eastern Washington. However, this evidence dso suggests
that deer were not abundant in eastern Washington during prehistoric times (Kay 1990).

Historica descriptions of the mule deer populations of eastern Washington are gpparently quite limited.
However, thejournals of Lewis and Clark (Thwaites 1969) and Wyeth (Wyeth 1899) indicate that
athough mule deer were present in southeastern Washington during pre-settlement times, mule deer
were not abundant enough to
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provide a steady food source for an expedition party of several dozen persons.

Following adeclinein the late 1800s and early 1900s, mule deer populations in Washington began to
increase during the 1930s. By the 1940s, the Washington mule deer population began to stabilize and
remained fairly stable during the 1950s. Just prior to the winter of 1968, the mule deer population in
Washington was estimated to be 200,000. However, during the winter of 1968, a massive die- off
occurred reducing the mule deer population in Washington by 40%. In 1994, the Washington mule deer
population appears to have again reached a plateau, stabilizing a 145,000 head (person communication:
Ralf Johnson, Washington Dept. of Wildlife. August 26, 1994).

IDAHO

Of the archeological studies reviewed by Kay (1990), the ungulate remains recovered in eastern Snake
River Plains were predominately bison remains. Deer remains were more common in the western Snake
River Vdley. Working near the Middle Fork Samon River, Leonhardy (1985) found the remains of at
least 10 deer among the other ungulate remains within aancient human habitation site. It was noted dl
the ungulate remains had been processed by humans into very fine fragments indicative of meet or
marrow scarcity.

In 1805, the hunters of the Lewis and Clark Expedition found deer were not abundant in the Bitterroot
Mountains of northeastern |daho. However, as the expedition party moved into northwestern Idaho the
hunters were more successful at procuring deer (Thwaites 1969). John Bal, member of Nathaniel
Wyeth's first expedition, noted in 1832 that deer and other game were scarce in southern Idaho
(Oregon Historical Society 1902).

Mule deer populations in 1daho declined during the exploitative era of the late 1800s and early 1900s.
However, mule deer were probably less affected by market hunting than were elk or bison (Seton
1927).

In 1994, the population status of mule deer in Idaho was good and improving. The buck to doe ratio for
the big game management units in Idaho ranged from 8 to 25 bucks per 100 does. The fawn to doe
ratio in some portions of southwestern Idaho have increased to 35 fawns per 100 does persona
communication: LIoyd Oldenberg, Idaho Dept. Fish and Game. September 16, 1994).

CALIFORNIA AND ROCKY MOUNTAIN BIGHORN SHEEP

Buechner (1960b) provided a map of the probable pre-settlement distribution of bighorn sheep in the
United States. On this map, most of the eastern haf of Oregon, anarrow strip through central



Washington, and central and extreme southern [daho were depicted as bighorn sheep range.

Kay (1990) reviewed archeologica studies conducted in eastern Washington, eastern Oregon, and
central and southern 1daho. The remains of bighorn sheep were often the most common ungulate remains
recovered in these studies.

EASTERN OREGON

Based on areview of archaeologica studies conducted in Oregon, Kay (1990) reported deer and
bighorn sheep remains were the most common ungulate remains recovered at sites throughout Oregon
except for aong the Pacific Coast. When the remains of only bighorn, deer, and ek were considered,
bighorn remains formed 17% of the remains recovered in the reviewed studies while deer made up 79%
and ek 4%. Reid (1988) noted that, at the Downey Gulch stes in northeastern Oregon, the remains of
bighorn sheep and pronghorn made up 80% of the total ungulate remains recovered.

Cdifornia Bighorn Sheep

In 1826, near present-day The Ddles, Oregon, David Douglas (1829) collected the skull and the horns
of what was described as a Cdifornia bighorn sheep. There is some controversy over where the
specimen collected by Douglas had actudly lived. Douglas believed the bighorn sheep in question had
lived in the Cascade Mountains near Mount Hood, Oregon. Buechner (1960b) suggested the Douglas
specimen probably had lived in The Dalles areawhere it had been collected. Buechner (1960b)
supported his argument by citing a bighorn sheep killed by Peter Skeen Ogden in the Mutton Mountains
45 miles south of The Ddles, Oregon during the winter of 1825 (Elliott 1909) . Bailey (1936) suggested
that Cdlifornia bighorn sheep were common in the lower Deschutes River area and throughout the lava
plains between present-day Bend and Burns, Oregon. Cdlifornia bighorn sheep historically summered in
the Steens mountains of southeastern Oregon and wintered in the Warner Valey and Summer Lake area
(Buechner 1960b) .

During the early 1900s, heavy livestock grazing and disesse transmission between domestic sheep and
bighorn sheep took their toll on the bighorn sheep population in eastern Oregon. The Californiabighorn
sheep disappeared from. their historical ranges in southeastern Oregon around 1916. By that time,
domestic sheep occupied much of the traditional bighorn range in southeastern Oregon (Bailey 1936).

Cdifornia bighorn sheep from near Williams Lake, British Columbia were trand ocated to the Hart
Mountain Nationd Wildlife Refuge in southern Oregon during 1954 (Buechner 1960b) . In 1960 and
1961, atotd of 11 head of California bighorn sheep were trandocated from
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the reintroduced herd on the Hart Mountain Nation wildlife Refuge to the Steens Mountains, Oregon
(Van Dyke 1978).

Spalding and Mitchell (1970) reported in 1969 most of the Oregon population of Cdifornia bighorns
were localized in three areas of southeastern Oregon, the Hart Mountain (150 head) (also see Kornet
1978) and the Steens Mountains (35 head) , and Mahogany Mountain (24 head). In 1975, Van Dyke
(1978) noted the Cdifornia bighorn population on the Steens Mountains was stable at approximately
100 head. In 1994, the Cdifornia bighorn sheep population in Oregon was estimated to be 2,500
(persona communication: Tom Thornton, Oregon Dept. of Fish and Wildlife. August 23, 1994).

Rocky Mountain Bighorn Sheep

Buechner (1960b) suggested the historical distribution of Rocky mountain bighorn sheep in Oregon was
centered in the Walowa Mountains. Scattered populations dso occurred in the Blue Mountains but this
area gpparently only provided margina bighorn habitat. Bailey (1936) reported large numbers of Rocky
Mountain bighorns remained in the Walowa Mountains until 1897. However, by 1915 most of the
Rocky Mountain bighorn sheep in the eastern Oregon were gone and much of the historic range of
bighorn sheep was being grazed by domestic sheep. At that time, the distribution of the few remaining
Rocky Mountain bighorn sheep in eastern Oregon had been reduced to rugged, remote pockets of
habitat within the Wallowa Mountains and the Imnaha Canyon (Buechner 1960b) .

Between 1924 and 1933 the USDA Forest Service-estimated the Rocky Mountain bighorn population
in eastern Oregon was between 40 and 60 head. Rocky Mountain bighorn were completely extirpated
from northeastern Oregon shortly after 1933 (Buechner 1960b)

In 1960, Buechner (1960) suggested the Wallowa Mountains of Oregon had a good potential for
successful reintroduction of Rocky Mountain bighorn shegp and trandocations of sheep from other Sates
to the Wallowa Mountains should be attempted.

Rocky Mountain bighorn sheep have been re-established in the Wallowa Mountains since the 1960s. By
1993, there were an estimated 500 Rocky Mountain bighorn sheep living in Oregon with mogt of the
population occurring in the Walowa Mountains. (persona communication: Tom Thornton, Oregon Dept.
of Fish and Wildlife. August 23, 1994) .

EASTERN WASHINGTON

Kay (1990) reported the remains of bighorn sheep represented 9% of the totd ungulate remains
recovered from 54% archaeologica sitesin the Columbia Basin region of eastern and centra
Washington. Gam and Masten (1985) found remains of bighorn sheep in the Columbia Basin of
Washington which were at least 3,000 years old.
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Cdifornia Bighorn Sheep

Higtoricdly, Cdifornia bighorn shegp existed in much of the rugged terrain of northcentral Washington
and dong the Columbia River in centrd Washington. The heaviest concentrations of Cdiforniabighorns
in Washington were thought to have existed on the east dope of the Cascade Mountains near the
WashingtonCanadian border (Buechner 1960b) . Grinnell (1928) observed bighorn sheep (presumably
Cdiforniabighorn) in the Ashnola ditrict of southern British Columbiain 1887. It was aso noted that G.
D. Elliott had seen a considerable number of bighorn sheep in northern Washington, across the
international border from the Ashnola digtrict, during the same year (Grinndl 1928) . Cdifornia bighorn.
sheep were dso historicaly observed in the Chopaka Mountain area (Buechner 1960b), Azurite Peak
(Cowan 1940), Douglas and Grant counties (Cowan 1940, Dalquest 1948) . Livestock overgrazing,
market hunting, and disease contributed to the near extirpation of Cdifornia bighorn from Washington
during the early 1900s.

The only naturd population of Cdifornia bighorn sheep in Washington migrate back and forth across the.
Washington-Canadian border near the Ashnola Mountains of British Columbia (Buechner 1960b) . In
1957, Cdifornia bighorn sheegp from Williams Lake, British Columbia were trandocated to the Sinlahekin
Game Range in northcentral Washington. Latter other trand ocation operations were attempted in central
and southeastern Washington. By 1969 Spading and Mitchell (1970) reported the Washington
population of Cdifornia bighorn sheep was locdized in three areas: Sinlahekin (153 head), Wenatchee
(80 head), and Pomeroy (70 head).

In 1994, the Washington Dept. of Wildlife estimated there were 706 Cdiforniabighorn living in
Washington. A herd introduced into the Y akima, Washington area was the largest (190 heed) California
bighorn herd in Washington in 1994 (persona communication: Rolf Johnson, Washington Dept. of
Wildlife. September 27, 1994).

Rocky Mountain Bighorn Sheep

Higoricdly, Rocky Mountain bighorn sheep occupied the mountains and rugged canyon walls of
southeastern Washington (Buechner 1960b) . As with the bighorn sheep in neighboring northeastern
Oregon, the Rocky Mountain bighorn sheep in Washington were severely impacted during the
exploitative era of the late 1800s and early 1900s. The last known native Rocky Mountain bighornin
Washington was killed near Deadhorse Spring on the Middle Fork Asotin Creek in 1917 (person
communication: Rolf Johnson, Washington Dept. of Wildlife. August 26, 1994).

Reintroductions of Rocky Mountain bighorn into southeastern Washington have been moderately
successful. Population estimates indicate 335 Rocky Mountain bighorn sheep were living in Washington
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during the summer of 1994 (persond communication: Rolf Johnson, Washington Dept. of Wildlife.
August 26, 1994).

IDAHO

Kay (1990) reviewed archaeological studies conducted in Idaho. Most of the bighorn sheep remains
recovered in these sudies came from sites in the mountainous areas of Idaho and in the western Snake
River Vdley. Comparing the remains of only bighorn sheep, deer, and ek, the remains of bighorn sheep
accounted for 77% of the minima number of individuas (MNI) found at the 15 Sites examined.
Working a an archaeological ste near the Middle Fork Samon River, Leonhardy (1985) observed that
the remains of bighorns were eleven times more common than the remains of the second most common
ungulate. The archaeologica evidence suggests that bighorn were the most common ungulate in eastern
and northern Idaho during prehigtoric time but today deer are the most common ungulate in these areas
and bighorn sheep are the least common (Kay 1990).

Cdifornia Bighorn Sheep

Buechner (1960b) makes no mention of a historical California bighorn population in Idaho. However, it
is probable that Cdifornia bighorns inhabited southwestern 1daho during prehigtoric times given the
proximity of this area to the Steens Mountains area which was known to have supported a native
Cdifornia bighorn population.

Spading and Mitchdll (1970) reported thet, in 1969, as aresult of trand ocations from British Columbia,
Idaho had a Cdlifornia bighorn sheep population of 90 head. Eighty of these bighorns were living in the
Owyhee River drainage and 10 head were living in the Jacks River drainage.

In 1993, the lamb to ewe ratio for Cdifornia bighorn population in Idaho was 20 lambs per 100 ewes
following the hard winter of 1992-1993. The lamb to ewe ratio notably increased to 41 lambs per 100
ewes after the mild winter of 1993-1994. The status of California bighorn in Idaho during 1994 was
within the range dictated by the management objectives of the Idaho Dept. of Fish and Game (persond
communication: Lloyd Oldenburg, Idaho Dept. of Fish and Game. September 16, 1994)

Rocky Mountain Bighorn Sheep

Buechner (1960b) researched the journals of Lewis and Clark for historical information on bighorn
sheep digtribution in Idaho. At the time of Lewis and Clark's travels (1803- 1806), Rocky Mountain
bighorn sheep were gpparently abundant in the Bitterroot Mountains of western Montana and in the
Clearwater Mountains of north-centra Idaho. The grestest concentration of Rocky Mountain bighorns
in Idaho appeared to be near the Bitterroot divide which separated
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Idaho from Montana. Lewis and Clark learned from loca indians that bighorn populations dso existed
on the Clark Fork river and near the confluence of the Snake and Samon rivers (Coues 1893).
Buechner (1960b) suggested, at the time of Lewis and Clark, larger concentrations of Rocky Mountain
bighorn sheep may have been present in the Seven Devils area of 1daho and in the Wallowa mountains of
Oregon than were present at the confluence of the Snake and Sdmon rivers.

During the winter of 1832, Captain Bonneville reported bighorns were abundant on awinter range near
present-day Samon, Idaho (Irving 1885). Seton (1929) reported that in the late 1800s large numbers of
bighorns had been observed in the Lost River Mountains of Idaho. Notably, by 1954 lessthan "afew
dozen" Rocky Mountain bighorn sheep were reportedly living in the Lost River Mountains (Smith 1954).
During the late 1800s, Merriam (1891) reported plentiful numbers of bighorns in the headwaters of the
Pahsmeroi River, the Salmon River Mountains, and the Sawtooth Mountains of 1daho. Buechner
(1960b) cited a persona communication indicating bighorns were nearly absent from the Sawtooth and
Pahsmerol. Mountainsin 1957.

Buechner (1960b) concluded the historical range of bighorn sheep in Idaho was mainly limited to a
belt-shaped region running across the centra portion of the sate. In 1960, the largest bighorn sheep
populations in 1daho were in the Middle Fork of the SAmon River with scattered populationsin the
Saven Devils areq, in the SAmon River Mountains, and south to the Sawtooth Mountains.

Buechner (1960b) cited a study being conducted at the time by Dwight R. Smith which indicated bighorn
sheep numbersin Idaho had more than doubled since the 1920s when the population was at an historica
low of 1,000 individuas. In 1960, the Rocky Mountain bighorn sheep population of 1daho was
estimated at 2,400 to 2,800 in 1960.

In 1994, the status of Rocky Mountain bighorn sheep in Idaho varied a great deal between herds. Some
herds had lamb to ewe ratios as low as 3 lambs per 100 ewes while other herds had lamb to ewe ratios
of 25 lambs per 100 ewes which were close to the management objectives for those herds (personal
communication: LIoyd Oldenberg. Idaho Dept. of Fish and Game. September 16, 1994).

In generd, effortsto reintroduce or enhance existing bighorn sheep populations within their former range
have often been dow to succeed (Jahn and Trefethen 1978) . Increasesin population size and dispersa
into new habitats have been hampered by the innate tendency of bighorn sheep to remain on traditiona
range being reluctant to pioneer new habitat (Geist 1971). Much of the currently suitable bighorn habitat
occurs as isolated patches separated by livestock range, crop fields, roads and other human
developments which likely hinder the dipersd of bighorn sheep.
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PRONGHORN ANTEL OPE

Nelson (1925) edtimated there were 35,000,000 pronghorn in North American during the time of the
Lewisand Clark expeditionin 1805. In just 75 years, the great herds of pronghorn observed by Lewis
and Clark declined to fewer than 20,000 individuas (Y oakum 1968) . Market- hunting, modernization
and expansion of transportation networks, livestock interactions, ateration of habitat by homesteading,
farming, ranching, and other human devel opment have been suggested as reasons for the rapid decline
of the pronghorn in North America

Based on an extensve review of the literature, Y oakum (1968) concluded 3 factors: 1) Indtitution of
controlled hunting seasons (Buechner 1960a, Mathison 1962, Rush 1944), 2) reversion of
humandtered lands within historic pronghorn rangeland back to pronghorn habitat (Leister 1932,
Benson 1946), and 3.) enlightened wildlife management (Buechner 1960a, Forsyth 1942, Russell 1937,
Bark 1948, Wilcox 1963), were primarily respongble for the striking increase of pronghorn from
possibly their lowest numbersin history during the early 1900s to the large populations of 1964.

EASTERN OREGON

Pronghorn remains were common among the ungulate remains recovered from archaeologicd gtesin
northeastern Oregon (Kay 1990). Early historica records possibly indicate that pronghorn were present
in eastern Oregon but were not abundant in northeastern Oregon (Wyeth 1899, Oregon Historica
Society 1902).

Nelson (1925) reported the population of pronghorn in Oregon between 1922 and 1924 was estimated
to be just over 2,000 head. By 1964, the pronghorn population in Oregon had increased to 8,950 head
(Y oakum 1968).

During their 1993 pronghorn census, Oregon Department of Fish and Wildlife counted 11,639
pronghorn in Oregon. The find 1993 population estimate for Oregon will probably range between
13,000 and 15, 000 pronghorn (person communication: Tom Thornton Oregon. Dept. of Fish and
Wildlife. August 23, 1994).

EASTERN WASHINGTON

Y oakum (1968) provided amap illustrating the historical range of pronghorn in North America Mogt of
eastern Oregon and southern Idaho historically supported herds of pronghorn but no early
documentation has been found which indicates that pronghorn were native to Washington. However,
Brown (1977) and Kay (1990) cite archeologica studies conducted in eastern Washington which
report pronghorn remains condtituted a substantia percentage of the total ungulate remains recovered
from ancient human habitation Sites.



18

However, by, the time of white settlement, there were no pronghorn remaining in eastern Washington
(persona communication: Rolf Johnson. Washington Dept. of Wildlife. August 26, 1994). Y oakum
(1968) reported that, as result of pronghorn translocations from other sates, the 1964 Washington
pronghorn population was estimated at 120 head. Apparently, these trand ocations of pronghorn into
Washington eventudly failed. In 1994, no pronghorn were found in Washington (persond
communication: Rolf Johnson. Washington Dept. of Wildlife. August 26, 1994).

IDAHO

Based on the total ungulate remains found at 15 archaeologica sites examined throughout [daho,
pronghorn formed 5% of the minimum number of individuas (ungulate individuas) present at those sites.
Bison (51% MNI) , bighorn sheep (23% MNI) , and deer (22% MNI) were the most common ungulate
remains present at those sites (Kay 1990). Initid examination of these results suggests pronghorn were
uncommon in Idaho. However, 3 of the 15 Sites examined contained a substantial amount of pronghorn
remains while the other 12 Stes contained amost no pronghorn remains. Given thisinformation, it is more
likely that pronghorn were very unevenly distributed throughout 1daho during prehistoric time.

A map provided by Nelson (1925) suggests the pre-settlement digtribution of pronghorn in Idaho
covered most of the southern hdf of the sate. By 1924, pronghorn were found only in the southeastern
quarter and the extreme southwestern portion of the state. Forty years later, the pronghorn distribution
was limited to southcentral and the extreme southwestern portions of 1daho. Nelson (1925) reported the
population of pronghorn in Idaho between 1922 and 1924 was estimated at just under 1,500 head.
However, by 1964, the Idaho pronghorn population had increased to an estimated 4,700 head (Y oakum
1968).

In 1994, the population status of 1daho pronghorn varied between big game management units. Some
units had fawn to doe ratios of as high as 75 fawns per 100 does. However, the average fawn to doe
ratio for the Idaho pronghorn population ranged between 30 and 35 fawns per 100 does (personal
communication: LIoyd Oldenburg. 1daho Dept. of Fish and Game. September 16, 1994).
LIVESTOCK AND BIG GAME: HABITATS, DIETS, AND COMPETITION

HABITAT

TYPES OF METHODOLOGY COMMONLY USED TO EVALUATE HABITAT USE

There are various methods commonly used by researchers to quantify habitat use by animas. This
section describes the habitat quantification methods that were used in the literature cited in this review.
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Direct observation: This method generaly involves establishment of observation routes or view points
as part of the experimenta design. From these observation routes or view points, the animas are
observed, either with aided or unaided eye, and their locations relative to identified habitat types are
recorded. Often the behavior (feeding, resting, socid, aert, and ect.) of the animasis aso noted. The
location and behavior data can then be used to evaluate the frequency and duration of anima occupancy
and anima activity within different habitat types. Use of direct observation to assess habitat use alows
the researcher to visualy confirm anima locations and associated activity. Also, individua animals may
be identified by markings, horn configuration, radio-collars, or ear tags and their habitat use patterns can
individually be recorded. However, the vdidity of the observation datais limited by completeness of the
observationa coverage in space and time. Logistics (man-power, expense, travel time, available daylight
and equipment requirements) may limit the completeness observation coverage. Additiondly, this method
may be biased if the animals are aware of the presence of the observer.

Fecal group counts. Thismethod usudly entails the establishment of belt transects or plots within eech
habitat type to be studied. Counts of pellet-groups or cow chips encountered in the transects or plots are
tallied and used as an index of anima occupation within the sampled area. The habitat use indices used
with this method are usualy based on the documented daily defecation rate for the animal species being
sudied. Generdly, a specific number of encountered feca groups is considered to be equivaent to one
day of anima use given the defecation rate of that animd. This method is less labor-intensve and,
consequently, less expensive to use when compared to the direct observation method. However, the
gpplication of this method is limited by the tendency for animas to defecate more often while doing
certain activities than while doing others. Consequently, if an anima spent equa amounts of time in two
different habitat types but, defecated more in one habitat type than the other because the activities that
the anima conducted in each habitat were different, then the habitat use results would be biased towards
the habitat where the animal conducted activities which were associated with higher defecation rates.
Additionaly, the feca group count method currently cannot be used to evauate animd activity within
different habitat types as can the direct observation method.

Forage utilization: This method involves estimation of forage consumption within each habitat type
being studied. Forage consumption is most often assessed by the ocular estimate by plot method
(Pechanec and Pickford 1937) or by comparison of the forage weight between paired plots where one
plot is excluded from animd use (caged) while the animals are dlowed free access to the other plot. The
forage utilization method provides away to evauate habitat use by foraging animas. However, this
method does not dlow evauation of habitat use by animasinvolved in other
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activities (regting, socid, traveling, and ect.) besdes foraging. Additiondly, in Situgtions where different
anima species are consuming the same forage speciesin the same aress, it may not be possible to
evauate the habitat use of each anima species using this method.

Radio-telemetry: This method generdly indudes equipping wild or tame animas with radio-collars to
enable relocation of these animals at pecified time intervas once they are released and alowed to roam
fredy throughout the habitat types being sudied. The radio-collared animds are generaly relocated using
triangulation of radio sgnals from two or more vantage points. The accuracy of this triangulated location
may bedl that is required for some studies. However, in many studies, once the generd location of a
radio-collared animd is obtained through triangulation then, an attempt is made to get avisud
conformation of the location of the anima and the activity the. anima is engaged in. Consequently, the
radio-telemetry method often involves direct observation methodology as well. The gpplicability of the
radio-tdemetry method is limited by its rdatively high expense.

Time-lapse photography: This method entails establishment of timel gpse cameras a vantage points
chosen to maximize the practical field of view of each cameraand to provide the most complete
coverage of the habitat types to be sudied. The duration of occupation of an individua anima within a
specific habitat type can be evauated by reviewing how may consecutive photographic frames contain
the anima within that particular habitat. The frequency a which an individud anima or animd species
used a particular habitat can be evaluated by counting the number of frames which contain that individua
or that species within the specified habitat type. The activities an animd is engaged in while in the different
habitat types can aso be determined by reviewing the photographic frames. Given infrared and starlight
photography technologies, it is possble to gather animd location and activity data day or night at
whatever collection interval the researcher chooses. However, the gpplicability of this method islimited
by the rdatively high cogt of the cameras, |abor-intengity of the photo interpretation, and the limited
practica field of view of these cameras. In large study areas containing severd habitat types of interes, it
may be logigticaly impractica to obtain datisticaly adequate camera coverage of the ared especidly if
the habitat types contain dense vegetation or undulating topography. The time-1gpse photography method
is probably most applicable in open habitats such as riparian meadows, open forest on leve terrain, and
grasdand ridgetops.
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CATTLE: PREFERRED HABITATS
Section Abstract

Cattle prefer grasdand, open forest, and clearcut forest habitats when foraging and rarely use dense
forest habitats except when resting during harsh climatic conditions. Seasondly, cattle use of uplands
generdly beginsto decline in mid summer while use of riparian zones increases. Cettle usein riparian
zones peaks in late summer. In some cases, cattle shift habitat use from the riparian areas back to the
uplands during late summer and early fal. Cattle made smilar or heavier use of riparian zonesin the late
season pastures of deferred-rotation grazing management systems compared to cattle use of riparian
Zones in pastures of continuous grazing management systems. Increases in stocking rate can provide
more even distribution of cattle throughout a pasture of variable topography. Cattle generdly avoid
dopes of greater that 20%. However, the presence of trails, logging roads and other access
improvements generdly dlows cattle to climb and traverse steep dopes more readily but any increasesin
cattle use on steep dope are usudly limited to short distances away from the access improvements.
Attempts to dter Cattle distribution on rangelands with strategic location of water developments and salt
are likely to be only variably successful.

Summer and Fall Cattle Habitats

Based on forage utilization and direct observation, Roath and Krueger (1982) determined cattle
exhibited a preference for bluegrass meadows over other habitats on a forested range in the southern
Blue Mountains of Oregon during summer. Eighty-one percent of the forage eaten by cattle on the study
area came from the bluegrass meadows.

On a cattle dlotment within the watershed of the Middle Fork of the John Day River in Oregon, Gillen et
a. (1984) used direct observation and forage utilization sampling techniques to evaluate summer habitat
use by cattle. They reported cattle exhibited a strong preference (P<0.05) for meadow communities
under both continuous and deferred-rotation grazing management. Preference for meadow communities
among the 2 grazing systems was highest in the late season pasture of the deferred-rotation system.
Logged forest communities were preferred (P<0.05) by cattle while in the early season pasture but no
preference for these communities was exhibited by cattle in the |ate season pasture of the deferred-
rotation system. Mixed conifer communities and ponderosa pineDouglas fir communities were used less
than their availability (P<0.05) by cattle under the deferred-rotation system. Although cattle did not
exhibit a preference for the ponderosa pine- Douglas fir communities, nearly 1/4 of the cattle use in the
early and late season pastures of the deferred-rotation system occurred in these communities. Ponderosa
pine-Douglas fir communities were used
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avoided (P<0.05) the mixed conifer and grand fir communities. Cattle use of the grand fir community
group was not studied in the deferred-rotation pastures.

While studying summer forage utilization by cattle within grasdand, forest, and clearcut forest hebitatsin
the foothills of the Walowa Mountains of Oregon, Miller and Krueger (1976) noted athough seeded
clearcuts represented only 31% of the study area, forage from the clearcuts made up 63% of cettle
summer diets. Orchardgrass and timothy made up 55% of the diet of cattle grazing in the clear cuts.
Forested areas represented 41% of the study area while only 8% of forage consumed by cattle came
from forested aress.

In the foothills of southeastern Wyoming, Hart et d. (1991) used direct observation to assess habitat use
by cattle. They noted cattle preferentialy used the lowland areas on the study area over the upland areas
despite changes in stocking rate from very light (0.034 AUM/ha) to moderate (0.28 AUM/ha). At the
very light stocking levd, caitle made amost exclusive use of the most productive loamy and shalow
loamy range Sites. Increased stocking rates resulted in more even use of the study area. Distance traveled
from water increased with stocking rate. Use of steep dopes aso increased with stocking rate and
Seasond progression.

On afoothill rangdand in southwestern Montana, Marlow and Pogacnik (1986) directly observed and
recorded cattle behavior and habitat use. They reported cattle use of upland range decreased

seady from mid summer until fal while use in riparian zones increased. During early July, cattle foraged
and rested sgnificantly (P< - 0.05) more in the uplands than in the riparian zones. However, by late
Augug, sgnificantly (P<0.05) more observations of feeding cattle were made in the riparian zonesthan in
the uplands.

Gillen et d. (1985) used time-lgpse photography to study cattle use of riparian meadows within the
watershed of the Middle Fork of the John Day River in northeastern Oregon. They concluded tota cattle
occupation and frequency of cattle occupation in riparian areas was less in pastures grazed during the
early period (early Juneto early August) of a deferred rotation system than in a pasture which was
continuoudy grazed from early June to mid October. Grazing during the late period (early August to mid
October resulted in levels of tota cattle riparian occupation which were smilar to those in found in the
continuously grazed pasture. However, late season grazing tended to increase the frequency of cattle
occupation in the riparian meadows when compared to continuous grazing. Cattle use of riparian
meadows was highest during the afternoon hours regardless of the grazing system used.



23

While directly observing cattle use of riparian and upland habitats within the Starkey Experimenta Forest
and Range of northeastern Oregon, Bryant (1982) noted that both, in pastures with predominately
southerly aspects and in pastures with northerly aspects, cow-cdf pairs and yearling cattle exhibited a
preference for riparian habitat over upland habitat during midsummer but shifted their preference to the
upland habitat during late summer and early fal. While in the uplands during late summer, cattle preferred
to occupy the forested plant communities more than the grasdand communities. During early fdl,
yearlings and cow-caf pairs used different plant communities within the upland habitat. Cow-caf pairs
tended to make more even use of the pastures than did yearlings. Both yearlings and cow-caf pairs
preferred dopes of less that 35%. Neither, the distance from free water or the distance from sat
gppeared to influence cattle ditribution within the pastures.

Miller and Krueger (1976) reported the distance from water and sat could be used to explain 79% of
the variability in forage use by cattle. Inclusion of soil depth and canopy closures factors alowed for 99%
of the variahility in use to be explained. Sopes on their sudy areararely exceeded 15%. Consequently,
dope was not afactor affecting. cattle distribution within this study. They concluded srategic location of
clearcuts and water and sat sources could be used to manipulate cattle distribution to meet a broad
range of management objectives on forested rangelands of l1ow to moderate relief.

Roath and Krueger (1982) noticed only 62% of the variability in forage utilization on their sudy area
could be accounted for by distance to water and salt. multiple regresson andys's on the water and salt
distance factors was compounded by the vegetation type.

Gillenet d. (1984) reported while distances from water or sdt had no significant effects, dope gradient
was negatively associated with cattle distribution under both the continuous and deferred-rotation grazing
systems. Cattle preferred dopes of less than 10%, especialy in the late season pasture of atwo pasture,
deferred- rotation system. Cattle exhibited an aversion to dopes of greater than 20% during al seasons
of use. Pinchak et a. (1991) observed 79% of cattle use occurred on dopes of less than 7% and areas
within 366 m of water sources received 77% of the use by cattle.

Based on cow chip counts, Mueggler (1965) noted 81% of the variability in cattle use patterns on
bunchgrass rangeland in southwest Montana could be explained by the steepness of dope and the
distance up dope from canyon and draw bottoms. In northern Utah, Cook (1966) measured 21 possible
factors influencing cattle distribution on dopes. Regresson analyss of these 21 factors explained only
52% of the variability in use.
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Roath and Krueger (1982) reported on moderate to steep dopes the vertical rise from water explained
94% and 82% of the variation in utilization of bearded bluebunch whegtgrass and giant wildrye,
respectively, during 2 consecutive years of their study. However, on gentle dopesthetrall distance from
water model could probably have replaced the vertica rise mode for predicting cattle use of upland
species. They dso noted on steep terrain, logging roads and skid trails received considerable use by
cattle as travel routes. Roads agppeared to alow cattle to use forage in steep terrain that normally would
not have been utilized. In rugged aress, cattle use of forage decreased rapidly with increased distance
from roads. Use of access improvements as a method to improve livestock distribution on rugged
rangelands was a so discussed by Williams (1954) and Workman and Hooper (1968).

SHEEP: PREFERRED HABITATS
Section Abstract

In generd, habitat use by sheep on open rangdands is strongly influenced by the management practices
of the sheep herder. Desiring to fatten lambs, a herder may concentrate the sheep in areas where he or
she believes the best lamb feed exigs. In the face of heavy predation, the sheep may tend to remain in
the open rather than venturing into forested areas. The sheep herder may aso bed the sheep near the
camp to minimize night losses to predators. Use of different elevationa zones and the vegetation types
associated with those zonesis largely dependent on the sheep herder and the camp rotation schedule.
However, despite these human-imposed controls on sheep habitat preference, the literature does
identify some "naturd™ use patterns of sheep in different habitat types.

Summer and Winter Sheep Habitats

In the Elkhorn Mountains of western Montana, Stevens (1966) observed that sheep heavily used the
open park habitat in the high eevation spruce-fir zone during summer. He noted the sheep were herded
to and from the open parks. Mature lodgepol e pine stands were used as resting areas during midday.

Warren and Mysterud (1991) used radio telemetry to evaluate summer habitat use of domestic sheep
on forested range in Norway. Sheep used meadow/old field and spruce forest habitats significantly
(P<0.01) more than their availability. Spruce/blueberry and pine/heather/lichen habitats were used less
then ther avalability.

Time of day was significantly (P<0.01) rdated to summer habitat use by sheep. Use of meadow/old
fidd and. spruce forest habitats occurred during the morning and early afternoon. The spruce /blueberry
and pine /heather/ lichen habitats were used during
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the evening and at night. Open areas which were higher than the surrounding topography were preferred
bedding areas for sheep. These areas were apparently desirable because they provided good vighility
alowing early detection of gpproaching predators (Warren and Mysterud 1991).

Based on pellet group counts, McDaniel and Tiedeman (1981) reported sheep in New Mexico preferred
open ridgetops as bedding areas during winter. They aso noted unherded sheep tended to use the same
bedding area night after night.

Warren and Mysterud (1991) observed sheep habitat use varied significantly (P<0.01) with the
progression of the summer grazing season. Use of the meadow/old field habitats was reative high during
the early portion of the grazing season but decline as the season progressed. Conversaly, sheep use of
the forest habitats increased as the season progressed.

McDanid and Tiedeman (1981) noted steep dopes did not preclude winter use by sheep. However, the
amount of forage utilization by sheep on dopes steeper than 45% was 55 to 75% less than the forage

utilization of more gentle dopes. Ridgetops were preferred as foraging areas by sheep. The aspect of the
dope and the distance of an area from water did not Sgnficantly influence the distribution of sheep in this

study.
ELK: PREFERRED HABITATS

Section Abstract

In montane aress, ek generadly use upland grasdand habitats as soring and fal range. Small openings of
upland grasdand habitat are preferred by ek over large openings. EIk prefer to use riverine (riparian)
forest, old-growth grand fir, mixed conifer stringer, and wet meadow habitats during the summer with ek
use of these habitats pesking during late summer and early fal. Canyon grasdand habitats are usudly
avoided by ek between June and September. Logging disturbance can have variable effects on ek
habitat use. In generd, ek use decreases in open habitats such as clearcuts and grasdands and increases
in habitats containing hiding cover during and, for avariable amount of time, after human disturbances.
Summer and winter elk home ranges generally contain a cover to forage ratio of 40% cover habitats to
60% forage habitats.

In shrub-steppe areas, cow ek prefer rolling topography and riparian areas during the spring, especidly
during the calving period. Cow ek tend to increase the use of flat terrain as the season progresses. Peak
use of flat terrain by cow and bull elk occursin the fal. Shallow drainages are preferred as bedding sites
by cow dk throughout the spring and most of the summer. Shrub stands serve as preferred bedding Sites
for cow ek during
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the late summer and fal. Cow dk generdly remain close (< 1 km) to free water sources during times of
hot weather.

Summer Elk Habitats in Northeastern Oregon

Thomas et d. (1979) recommended that optimum habitat for ek in the Blue Mountains of Oregon and
Washington should be defined as land area having aratio of 40% cover habitat types and 60% forage
habitat types where potable water iswithin 0.8 km of any point in the land area.

In northeastern Oregon, Pedersen et d. (1980) reported the Douglas fir/grand fir-dominated, upland
mixed forest habitat type served as summer foraging and resting aress, travel. routes, and hiding and
thermal cover for radio-collared ek. The upland mixed forest type was used by ek dightly more during
the night than during the day. Elk use of the upland mixed forest type increased as summer progressed
and peaked in September.

The old-growth grand fir habitat type was highly preferred during the summer, providing travel routes,
resting areas, therma cover, and wallows for radio- collared elk. Human disturbances increased ek use
of this habitat type. The old-growth grand fir type was dso preferred for night bedding sites by ek. Like
the upland mixed conifer type, use of the old-growth grand fir habitat type increased as summer
progressed (Pedersen et d. 1980).

The old clearcut habitat type (10 years or more Since timber harvest) was primarily used by
radio-collared ek for foraging but it was not a preferred habitat type. Forage utilization was highest
during late summer and early fal. Use of the old dearcuts declined with human disturbance (Pedersen et
a 1980).

The upland grasdand habitat type was used during the spring and fal for foraging. Thiswas the first
habitat type used by radiocollared ek returning from lower devation winter ranges. EIK preferred smal
openings of the upland grasdand habitat over large openings. Night use of this type often exceeded day
use (Pedersen et d. 1980).

The north dope conifer habitat type served as water sources, foraging aress, trave routes and, thermal
and hiding cover. This habitat type represented 27% of the study area. Radio-collared elk used this
habitat type in proportion to its availability. Day and night use of this habitat type were gpproximately
equa. Use of the north dope conifer type remained a ardatively congtant level throughout the summer
with some decrease in use occurring in September. Human disturbance did not appreciadly affect usein
this habitat (Pedersen et . 1980).

The canyon grasdand habitat type was used the least by the radiocollared ek in this sudy. Elk use of this
habitat type was dways
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proportiondly less than its availability. Night use of this habitat type generdly exceeded day use. The
canyon grasdands were used primarily in the late spring and fall as foraging areas (Pedersen et d. 1980).

The mixed conifer dringer habitat type was highly preferred and served astravel routes, foraging aress,
and hiding cover for radio-collared dk. This habitat type was of limited vaue as thermd cover. During
this study more ek locations were found in this habitat type than in any other. EIk use of the mixed
conifer stringer type was high in early to mid summer, then decreased in late summer, and findly pesked
in early fal. Human disturbance resulted in, decreased use of this habitat type (Pedersen &, d. 1980).

The riverine (riparian) forest habitat type was the most preferred habitat type by radio-collared ek in this
sudy. This habitat type provided, forage, weter, therma and hiding cover, travel routes, bedding sites,
and walows. This habitat type gpparently served as cover for ek attempting to evade human
disturbance. Use of theriverine forest type was generaly high throughout the season (Pedersen et dl.
1980).

Elk use of the new-logged area habitat type increased with time after the logging disturbance. One area
within this habitet type was highly preferred by radio-collared ek on the third year following the end of
logging activity. Day use exceeded night use in this habitat type. This habitat type was primarily used for
foraging but there was some indication it also provided some thermd cover. Elk use of the new-logged
area habitat type was highest in late summer and early fal (Pedersen et d. 1980).

Elk Cover to Forage Ratios in Northeastern Oregon

Directly observing radio-collared ek in the Blue Mountains of Oregon, Leckenby (1984) noticed that
cover-to-forage ratios within summer elk home ranges averaged 56%. Elk made preferentia use of
cover in home ranges where the cover-to-forage ratio was less than 35%. Increasesin the
cover-to-forage -ratio resulted in smdler home range sizes during summer. Winter ek home ranges
contained an average of 40% cover. During winter, home range size did not vary with the
cover-to-forage ratio. These results substantiated the elk cover management recommendations made by
Thomaset d. (1979).

Summer Elk Habitat in Southcentrd Washington

Working with radio- collared ek in the shrub-grasdands of south central Washington, McCorquodale et
a. (1986) found that during spring, late summer, and fal cow ek sdectively used lower devation
sagebrush communities. Riparian communities were preferred in the fadl and, for calving and lactation
during the late spring. Cow dk used ralling terrain significantly more
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(P<0.05) than other available terrain on the study area during the spring. Cow elk were observed on flat
terrain 28% of the time during the summer and 54% of the time during the fdl. For al seasons, except
during the calving period, more than 75% of cow ek observations occurred in the flat or rolling terrain.
Foothill terrain received 56% of the cow ek observations during the calving period. Bulls did not exhibit
atopographic preference during spring and summer but preferred (P<0.05) flat areas (56% of
observations) and avoided (P<0.05) foothills (only 9% of observations) during the fall.

Cow ek preferred to bed in gullies or shallow drainages during the spring (72%), caving (86%), and
summer (61% of observations) periods. Bedding occurred on flat terrain for 51% of the fal cow ek
observations. Sagebrush stands were preferred for resting/ ruminating during late summer and fall. It
was suggested that elk were taking advantage of the more favorable microclimate created by the
shading of the sagebrush (McCorquodale et d. 1986)

Cow ek use near springs and free water sources increased with ambient temperature. Most cow ek
observations occurred within 1 km of free water sources during the mid summer. Use of riparian areas
by cow dk increased between sundown and sunrise. Bull ek aso tended to remain close to free water
sources during the summer but, were occasionaly observed at least 18 km from known water sources
(McCorquodale et a. 1986).

Elk Habitats in Other Aress of the West

Callins et d. (1978) directly observed the distribution patterns of tame ek within segments of lodgepole
pine habitats in northern Utah. They reported tame elk preferred wet and dry meadows, clearcuts, and
reseeded logging roads for grazing while wet meadows, reseeded logging roads, and mature forest were
preferred for bedding and resting. Comparison of preference quotients for each habitat segment
indicated the wet meadows were highly preferred over the other habitat segments for both foraging and
reing.

Irwin and Peek (1983) reported normigratory, radio-collared ek in northern Idaho did not exhibit a
ggnificant preference for habitat type, successond stage, canopy closure, eevation, or distance to an
opening. However, dk winter home ranges sdlectively included southwesterly aspects.

During the spring, radio-collared ek tended to feed in the grassshrub and shrub serd communities
within the grand fir habitat type. Mogt of the ek use within the grass-shrub and shrub seral communities
occurred in areas. 1) having less than 25% canopy closure, 2) having less than 650 trees/ha, 3) having
shalow dopes or ridges, 4) within 200-400 m of water, and 5) within less than 200 m from large
openings (>1 ha) . During the spring, ek were
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generdly rested in tal brush fields or in stands of pole timber where the trees were lessthan 12 m. tall
and had 50 to 75% canopy closure. Resting areas were: 1) higher in elevation than the feeding aress, 2)
on westerly aspects or on ridgetops, 3) greater than 400 m, from traveled roads, and 4) less than 200 m.
from large openings (>1 ha) (Irwin and Peek 1983).

The sera shrub communities within the grand fir-myrtle pachistima habitat type were often used by
feeding radio-collared ek during the summer. Elk tended to rest on ridges during the summer in stands of
pole timber which were greater than 400 m. for traveled roads and had 50 to 75% canopy closure (Irwin
and Peek 1983).

Irwin and Peek (1983) found fall habitat selection by radiocollared ek differed from spring and summer.
Elk tended to feed and rest in Smilar areas during the fdl. Pole timber in the western hemlock-myrtle
pachistima habitat type was used more than its avallability while the grand fir-myrtle pachisima and the
subdpine fir types tended to be avoided. Within the western hemlock-myrtle pachistima. type, ek made
disproportionately high use of ridgetops and rarely used south dopes. Increased road traffic apparently
caused ek to amogt aways remain greater than 400 m from roads and between 400 and 600 m from

large openings (>1 ha).
MULE DEER: PREFERRED HABITATS

Section Abstract

Winter habitat use by mule varies somewhat between regions and locations. However, forest habitats
universally appear to be important as bedding sites, escape cover, and to alesser degree asforaging
aress for wintering mule deer. Shrub habitats are gpparently vauable as foraging and bedding areas
during the daytime. Grasdand habitats may serve as foraging areas during the daytime but are probably
most important as foraging and bedding areas during the nighttime.

During spring, mule deer use of grasdand and shrub-grasdand habitats increases with Sandberg
bluegrass and new shrub growth becoming important dietary items.

Use of open pine and juniper forest habitats by mule deer tends to increase during the summer. The
shrub-grasdand habitats generdly remain vauable throughout the summer but the importance of the
grasdand habitats often decreases as the summer progresses. Douglas fir habitat types were dso
important summer mule deer habitat, especialy as fawning and hiding cover.

Shrub and open forest habitats remain important to mule deer during the fall. Browse from shrubs and
juniper becomes even more vauable as forage for mule deer during the fall.



Winter Mule Deer Habitats

Leckenby (1978) used direct observation techniques to evaluate winter mule deer habitat use dong four
observation routes in the Silver Lake-Fort Rock mule deer winter range of southcentral Oregon. Mule
deer occupation of plant communities in the forest habitat type was smilar to or greater than the
occupation of the shrub habitat type dong 3 of the 4 observation routes. Mule deer occupation of the
grasdand habitat was greater than the occupation of the shrub habitat type aong 2 of 3 observations
routes where comparisons between grassand and shrub habitat types could be made.

Shrub habitats comprised of bitterbrusht Sandberg bluegrass, slver sagebrush Sandberg bluegrass, or
low sagebrush Sandberg bluegrass communities were preferred by wintering mule deer. In forest habitats
therewas agreat ded of variability among the four observation routes as to which plant communities
were sdectively, occupied by wintering mule deer. Unexpectedly, mule deer within forest habitats did not
exhibit a preference for bitterbrush communities. However, mule did appear to prefer forest habitats
which contained a juniper overstory with a gray rabbitbrush/big sagebrush shrub component and
cheatgrass brome/bottlebrush squirrdtail graminoid component. In grasdand habitats, wintering mule
deer preferred plant communities that contained crested whestgrass, winter rye, and Newberry cinquefoil
(Leckenby 1978).

Mackie (1970) used direct observation of marked individuals to study the habitat selection of mule deer
in the Missouri River Breaks, Montana. During 2 of the 3 winters of the study, mule deer were most
often observed in the sagebrushwheetgrass habitat type. During the remaining winter, mule deer use of
the sagebrushwhestgrass and pine-juniper habitat types were smilar. During dl three winters of the
study, mule deer use of the sagebrushwhestgrass habitat type increased as the winter progressed
indicating an increased reliance on big sagebrush as a forage source.

The pine-juniper habitat type was the second most preferred habitat of wintering mule deer. The
pine-juniper habitat type was most heavily used during and shortly after winter sorms. Foraging use by
mule deer in the pine-juniper habitat type generaly occurred while traveling to and from bedding Sites
(Mackie 1970).

Based on direct observation and radio telemetry data, Hamlin and Mackie (1989) reported mule deer in
the Missouri River Breaks, Montana preferred forested habitats over shrub and grasdand habitats during
al seasons. In winter, Douglas fir-open juniper, Doulas fir-burned juniper, and pine-fir-burned juniper
were the most preferred habitat types by mule deer. Theriver riparian and slver sagebrush habitat types
were strongly avoided by wintering mule deer.
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Kufeld et a. (1988) used radio-collared mule deer to study winter habitat selection in 8 vegetation types
of the Front Range of Colorado: 1) mountain mahogany, 2) grasdand (brome and needlegrass species),
3) ponderosa pine 10-39% canopy closure (CC), 4) P. pine 40-69 CC, 5) P. pine 70-100 CC, 6)
sumac- hawthorne-cherry (SU-HACH), 7) mountain meadow, and 8) rock outcrop. Dally activity was
observed during four 6 hour time periods: 1) Sunrise (3 hrs prior to and following sunrise), 2) day (3 hrs
prior to and following midday, 3) sunset (3 hrs prior to and following sunset), and 4) night (3 hrs prior to
and following midnight) .

During the sunrise period, foraging mule deer preferred (P<0.05) to occupy the mountain mahogany
vegetation type while avoiding (P<0.05) the moderate and high pine canopy closure types. Foraging mule
deer spent 44% of the time in the mountain mahogany type and 39% in the grasdand vegetation type.
Although, mule deer spent alarge percentage of their foraging timein the grasdand type, this type was
not preferred but was used in proportion to its availability. Mule deer preferred (P<0.05) to rest in the
mountain mahogany type and avoided (P<0.05) the moderate and high pine canopy closure and rock
outcrop types. Resting mule deer spent 47% of the time in the mountain mahogany type and 35% in the
grasdand type which, again, was used as available (Kufeld et d 1988).

Mule deer foraging during the day period preferred (P<0.05) the mountain mahogany type and while the
grasdand, SU-HA-CH, and mountain meadow were used sgnificantly less than their availability
(P<0.05). However, mule deer till spent 28% of their foraging time in the grasdand type and 51% in the
mountain mahogany type. Resting mule deer preferred (P<0.05) the mountain mahogany type and
avoided (P<0.05) grasdand and SU-HA-CH types. The mountain mahogany type was used 54% of the
time for daytime resting and the grasdand 26% (Kufeld et al. 1988).

During the sunset period, foraging mule deer preferred (P<0.05) the mountain mahogany type whereas
the high pine canopy closure, SU-HA-CH, and mountain meadow types were used less (P<0.05) than
their availability. Sunsat foraging occurred in the mountain mahogany type 46% of the time and in the
grasdand type 35%. Resting mule deer used the mountain mahogany type sgnificantly (P<0.05) more
than its availability. The 7 remaining vegetation types were used according to their availability by resing
mule deer. Mule deer rested in the mountain mahogany type 44% of the time and in the grasdand 35%
(Kufeld et al. 1988).

Foraging mule deer preferred (P<0.05) the grasdand type at night while the moderate and high
ponderosa pine canopy closures, mountain meadow, and rock outcrop vegetation types were avoided
(P<0.05) at night. The grasdand was used 51% of the time by mule deer foraging a night and the
mountain mahogany type was used 32% of the time. During the night, resting mule deer preferred
(P<0.05) the grasdand type while they avoided all the ponderosa pine types,
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the mountain meadow type, and the rock outcrop type. Resting mule spent 46% of the timein the
grasdand type and 36% in the mountain mahogany type (Kufeld et a. 1988).

Spring Mule Deer Habitats

Miller et d. (1981) studied spring mule deer and ek use of plant communities within clearct,

bunchgrass, and forest habitat types in the foothills of the Walowa Mountains of northeastern Oregon.
They noted, based on forage utilization sampling, that mule deer and ek fed primarily in the

timothy- orchardgrass and the mallow ninebark-timothy communities of the clearcut habitat type and in
the Sandberg bluegrass-Kdlogg onion and the ponderosa pine- bluebunch wheatgrass communities of the
bunchgrass habitat type, during March. Deer pellet groups were concentrated primarily in the plant
communities of the forest habitat type and in the ponderosa pine- bluebunch wheetgrass community of the
bunchgrass habitat type during March (Miller et d. 1981) . These results suggest mule deerforaged in the
open habitats and returned to the forested habitats, to rest given known defecation habits of mule deer.

From April to mid May, forage utilization by mule deer and ek, occurred modtly in the

timothy- orchardgrass community of the clearcut habitat type with a notable amount of use aso occurring
in the Sandberg bluegrass - Kellogg onion community of the bunchgrass habitat type. Deer pellet groups
were fairly evenly dispersed between the plant communities of the bunchgrass habitat type and the forest
habitat type from April to mid May. Notably, no deer pellets were found in the malow ninebark-timothy
or the timothy-orchardgrass communities of the clearcut habitat type during either the March or
April-mid May sampling efforts (Miller et . 1981). The complete absence of deer pelletsin these two
communities suggests the forage utilization that occurred within these communities probably could be
attributed primarily to elk. Deer foraging from March to mid May probably occurred predominately in
the bunchgrass habitat type.

The Kentucky bluegrass -ydlow sdsify community within the clearcut habitat type and the ponderosa
pine-bluebunch wheatgrass community within the bunchgrass hebitat type were the primary plant
communities used by feeding mule deer and ek from mid May to June. During mid May to June, deer
pellet groups were dispersed between the bunchgrass habitat type and the forest habitat type with the
greatest concentration of deer pellets occurring in the Sandberg bluegrass-Kelogg onion community of
the bunchgrass habitat type (Miller et a. 1981).

While directly observing mule deer in the Missouri River Bresks, Montana, Mackie (1970) found the
sagebrush-whestgrass habitat type was the most preferred habitat of mule deer during the early spring
(late March-early April) . Western whesatgrass and bluegrasses were the important forage species of
mule deer during the early spring.



Use of the sagebrushtwheatgrass habitat type rapidly decreased after mid April. The pine-juniper and
greasewood-whesatgrass habitat types received increased mule deer use after mid April. New shrub
growth was important mule deer forage in the pine-juniper habitat and Sandberg bluegrass and
associated forbs were the predominate forages in the greasewood-wheatgrass habitat (Mackie 1970).

Based on direct observations and radio telemetry relocations conducted during the spring, Hamlin and
Mackie (1989) noted pinejuniper-scattered shale outcrops and pine-juniper-scattered grass were the
most preferred habitat types by mule deer in the Missouri River Bregks, Montana. Theriver riparian
habitat type was strongly avoided by mule deer during the spring.

Based on forage utilization sampling, Edgerton and Smith (1971) reported mule deer and ek on Starkey
Experimenta Forest and Range in northeastern Oregon fed primarily in grasdand and open forest
habitats during the spring when succulent forbs were available. Asthe forbs matured during the summer,
mule deer and ek use of forested habitats increased while use of grassand habitats decreased. This shift
in habitat use during the summer reflected a shift from spring-early summer diets of primarily forbsto
mid-late summer diets containing substantia amounts of ek sedge and browse species. Dense forest
habitats were most important in the fal when browse species formed a consderable portion of mule deer
and ek diets.

Summer Mule Deer Habitats

Mackie (1970) -found the pine-juniper habitat type was the most preferred habitat of mule deer during
summer. Mule deer spoent most of the foraging time in the pine-wheatgrass association. The ping uniper
and pine-sagebrush associations within the pine-juniper habitat type were important during the early
summer. The pinesagebrush association was commonly used for bedding sites and as escape cover.

The sagebrushtwheatgrass habitat type was the second most preferred mule deer habitat during summer.
Mule deer within the sagebrushwheetgrass habitat most commonly foraged in the sagebrush-western
wheatgrass association, especidly where yellow salsify and other associated forbs occurred (Mackie
1970).

The Douglasfir-juniper habitat type was ranked third in importance to mule deer during summer. This
habitat type was used as fawning cover during June and as bedding and escape cover during the most of
the summer. The dense cover common to the Douglas fir-juniper habitat type may have precluded
observation of al the mule deer which used this habitat type. Consequently, mule deer may have used of
this habitat type more than was recorded in this study (Mackie 1970).



During summer, Hamlin and Mackie (1989) noted Douglas fir-burned juniper and pine-juniper-scattered
shae outcrops were the most preferred habitats of mule deer in the Missouri River Breaks, Montana.
Theriver riparian habitat type was strongly avoided by mule deer during summer.

Working in the Spokane Indian Reservation of eastcentral Washington, Lauver (1983) reported, based
on fecd group counts, mule deer preferred (P<0.01) Douglas fir-pinegrass and Douglas firmalow
ninebark habitat types during the summer and early fall. Ponderosa pine-1daho fescue, Douglas
fir-common snowberry, grand fir-myrtle pachistima, and riparian habitat types were used in proportion to
their availability by mule deer during the summer and early fal. Mule deer avoided (P<0.05) ponderosa
pine-bitterbrush and ponderosa pine-common snowberry habitat types during summer and early fall.

Fdl Mule Dear Habitats

Mackie (1970) noted mule deer in the Missouri River Bresks, Montana preferred to use the
sagebrush-whestgrass and pine-juniper habitats during fal. Within the sagebrusht wheatgrass habitat

type, the sagebrush-western wheatgrass association was commonly used by foraging mule deer,
especidly where gray rabbitbrush and Sandberg bluegrass occurred. Mule deer most often foraged in the
pinewhesatgrass association while within the pine-juniper habitat type.

Also in the Missouri Bregks, Montana, Hamlin and Mackie (1989) observed mule deer strongly
preferred Douglas fir-scattered juniper and Douglas fir-burned juniper habitat types during the fall. The
slver sagebrush habitat type was strongly avoided by mule deer during the fall.

BIGHORN SHEEP: PREFERRED HABITATS
Cdifornia Bighorn Sheep: Section Abstract

Cdifornia bighorn sheep occupy montane-apine habitats from esst central Californiato central British
Columbia. Cdifornia bighorn sheep prefer to forage in meadow habitats during spring, summer, and fall.
Cliffrock shrub habitats are preferred year round foraging aress. Cliffrock habitats serve as preferred
bedding and lambing areas and as escape cover. Shrub-bunchgrass habitats are generdly only used by
Cdiforniabighorn sheep in the fdl and winter.

Cdifornia Bighorn Sheep Habitats in Southeastern Oregon
Van Dyke (1978) used direct observation to study the habitat preferences of Californiabighorn sheepin

the Steens mountains of Oregon. In generd, habitat use by Cdifornia bighorns was strongly influenced by
snow depth and the availability of succulent forage.



Areas of deep snow were avoided. Areas of green, succulent forage attracted bighorns. Lauer and Peek
(1976) made smilar observations while working with Rocky Mountain bighorn sheep in Idaho. Choice
of foraging and resting habitat by Californina bighorn sheep varied within and between seasons (Van
Dyke 1978).

The meadow habitat was preferred (P<0.01) for foraging during summer, fal and winter but avoided
(P<0.01) during spring. The meadow habitat provided high qudity forage dmost year-round. However,
during the spring the phenologica development of forage in the meadow habitat was generdly behind the
forage in the dliff rock-shrub and mountain mahogany habitats which were preferred (P<0.01) by
Cdifornia bighorn sheep. In the fal, bighorns exhibited a preference (P<0.01) for the meadow habitat for
bedding sites (Van Dyke 1978).

The cliffrock habitat was preferred (P<0.01) as bedding areas during the spring, summer, and winter but
was used as available during the fdl. The cliffrock habitat was avoided (P<0.01) by foraging Cdifornia
bighorn sheep during summer, fal, and winter but was used in proportion to its availability during spring.
Because of its very shdlow, rocky soils, the cliffrock habitat generadly produced only alimited amount of
forage when compared to the other habitats in this study. Mot of the forage in the cliffrock habitat
tended to mature early in the season in response to the rapid dehydration that occurred in the shalow,
rocky soils. Consequently, bighorn use of the dliffrock habitat was limited to the early spring when the
forage was il green and succulent (Van Dyke 1978).

Van Dyke (1978) cited other authors who have reported that the cliffrock habitat type was highly
vauable aslambing habitat (Blood 1963, Irvine 1969, and Geist 1971) and as escape cover (Woolf
1968, Geist 1971, and Frisina 1974) for bighorn sheep. VVan Dyke (1978) noted that the location of
cliffrock habitat and its value as escgpe cover influenced the bighorn use of the other habitats examined in
the study. Cdifornia bighorns were seldom observed more than 400 m from some form of escape cover.

Cdlifornia bighorn sheep preferred (P<0.01) the cliffrock-shrub habitat as foraging areas during all
seasons and as resting Stes during spring, summer, and winter. The cliffrock-shrub habitat possesses
escape cover and an ample forage component that the cliffrock habitat 1acks which explains the
year-round preference for the dliffrock-shrub habitat type (Van Dyke 1978). Van Dyke (1978) cited
other authors (Oldemeyer et a. 1971, Erickson 1972, and Frisina 1974) with amilar findingsin the
cliffrock-shrub type.

Cdifornia bighorn sheep preferred (P<0.01) the shrub-bearded bluebunch wheatgrass habitat for resting
and foraging only during the fall and winter. This habitat type was avoided (P<0.01) as



resting and foraging areas during the soring and summer. Generdly, the shrub-bearded bluebunch
whesatgrass habitat occurred at devations lower than bighorn sheep commonly used during the spring and
summer. Van Dyke (1978) suggested that deep snow and harsh weather forced bighorns down into the
shrub-bearded bluebunch whesatgrass habitat during the fal and winter (Van Dyke 1978).

The shrub-1daho fescue habitat was generdly located on northerly aspects which were colder and,
consequently, had deeper snow, retained snow longer into the spring, and were dower to green up in the
spring. Cdifornia bighorns avoided this habitat type during dl seasons (Van Dyke 1978).

The mountain mahogany habitat type was preferred (P<0.01) in the spring as lambing and rearing habitat
and asforaging and resting areas. This habitat type was avoided (P<0.01) by foraging Cdifornia bighorn
sheep during the rest of the year. Bighorns preferred (P<0.01) to. rest in mountain mahogany type during
the summer but used it in proportion to its availability during the fal and winter (Van Dyke 1978).

Rocky Mountain Bighorn Sheep: Section Abstract

The most widdy distributed bighorn sheep subspecies, Rocky Mountain bighorn sheep occur in
montane-apine habitats in western Canada, Montana, 1daho, southeastern Washington, northeastern
Oregon, Wyoming, and Colorado (Seton 1929, Cowan 1940, Buechner 1960Db).

During the winter, Rocky Mountain bighorn sheep prefer to use grasdand habitats that occur on steep
dopes or on ridgetops that are frequently blown free of snow. Shrub-bunchgrass and open forest
habitats which are near escape cover are preferentialy used by wintering Rocky Mountain bighorn
sheep. Habitats which obstruct the fidd of view are )generdly avoided by wintering bighorn. Grasdand
and mountain shrub habitats are preferred by bighorn during the soring. Rocky Mountain bighorn sheep
prefer southerly and southwesterly aspects with dopes greater than 80 to 100% during the winter and

spring.
Rocky Mountain Bighorn Sheep Habitats

Working on 3 Rocky Mountain bighorn sheep winter rangesin Y ellowstone Nationa Park, Oldemeyer
et a. (1971) reported bighorns were most often observed in the grasdand vegetation type which
occurred on steep terrain or ridgetops. Resting bighorns were within 95 m of escape terrain in 85% of
the observations. Bighorns foraged in the grasdand type within 95 m of the escape terrain in 75% of the
observations.

Tilton and Willard (1982) used direct observation and pellet group counts to evauate winter habitat
selection by Rocky Mountain
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bighorn sheep in the Thompson Falls area of Montana. They noticed bighorn appeared to avoid: 1)
elevationsin excess of 1463 m (permanent snow cover on south dopes only extended down to 1554 m),
2) drainage bottoms, 3) dopes of 11-35%, 4) areas beyond 332 m from steep terrain (> 80% dope),
and 5) the closed conifer forest vegetation type. Bighorns preferred (P < 0.1) : 1) dliffs, 2) dopes greater
than 80%, 3) areas within 332 m. of steep terrain or cliffs, and 4) grass-shrubland and open conifer
forest vegetation types. Southerly aspects were most preferred. Bighorns selectively used.
grass-shrubland and open conifer forest types as foraging areas apparently because of the rdatively high
forage production on these types and the less obstructed field of view. Rockland types were used as
bedding sites because they provided both cover and good visihility. Closed conifer forest types were
avoided dueto their lower forage production and poor vishility.

Working in east centra 1daho, Lauer and Peek (1976) reported data from direct observations of
wintering Rock Mountain bighorn sheep indicated Wyoming big sagebrusht bearded bluebunch
whesatgrass communities were preferred as foraging areas over dl other plant communities on the winter
range.

Risenhoover and Bailey (1985) used radio-telemetry and direct observation to sudy Rocky Mountain
bighorn habitat selection from January to June in Waterton Canyon, Colorado. They recognized bighorn
selectively used open habitats where vegetation or loca topography did not obstruct the field of view.
Openings dominated by grass, mountain shrub, and open mountain shrub vegetation were preferred.
These vegetation types not only provided less vishility restriction than other vegetation types but, also
provided a greater availability of preferred forage. Bighorns were most often found on east and
southwest aspects and on dopes ranging from 101-150%.

PRONGHORN: PREFERRED HABITATS
Section Abstract

In generd, pronghorn of the Great Basin prefer open habitat where shrub and grass cover are low
enough to dlow uninterrupted vishility but high enough to provide hiding cover for juvenile pronghorn.
Habitats containing amix of graminoids and forbs with a sparse to light coverage of low browse plants
are preferred by pronghorn. In optimal pronghorn habitat, water sources are evenly distributed within 5
to 6.5 km of each other. Pronghorn generaly winter in habitats where the snow depth does not exceed
23to 34 cm.

Optimal Pronghorn Habitats

Y oakum (1974) compiled the results of pronghorn-range relaionship studies conducted in the
sagebrush-grass land communities of 6



western states. California, Montana, Nevada, Oregon, Washington, and Wyoming. The vegetaive
composition within the sagebrushgrasdand community was determined a 18 different Sudy Stes
distributed throughout these 6 tates. Pronghorn range relationships within the sagebrush-grass land
community were evaluated based on direct observations. A summary describing the abiotic and biotic
components of habitat required by pronghorn antelope in sagebrush-grasdand range was provided in this
report. Pronghorn require large open areas of undulating topography with minimal impediments to
cross-country travel. On winter range, pronghorn require areas where the snow depths do not exceed 23
to 34 cm for aextended period of time. on summer and winter range, pronghorn watering sources should
optimaly be distributed within 5 to 6.5 km of each other. The optima vegetative composition of.
pronghorn range would be 40-60% graminoids, 10-30% forbs, and 5-10% browse. The species
composition of pronghorn habitat should optimally contain 5 to 10 grass species, 20 to 40 forb species,
and, 5 to 10 browse species. Pronghorn will avoid habitats where the vegetation exceeds 55 cm because
of limited vighility. Optimum cover height for pronghorn would be 28 to 55 cm.

Cook and Irwin (1985) evauated vegetative, topographic, and pronghorn population data from 29
pronghorn winter ranges in central Montana, southeastern 1daho, northwestern and northeastern
Colorado, and Wyoming. These data were used to test an existing habitat suitability modd (see Allen
and Armbruster 1982). Results obtained while using amodified verdon of the habitat suitability modd
indicated pronghorn density within alandscape was related (P<0.001) to shrub cover, shrub height,
shrub diverdty, topographic cover, and herbaceous cover. However, they noted shrub height, shrub.
diversity, and herbaceous cover were dl intercorrelated with shrub cover.

HABITAT OVERLAP

Using pellet-group counts as an index for deer and ek days of use in the Blue Mountains of northeastern
Oregon, Skovlin et d. (1968) reported mule deer sdlectively used forested areas (mean of 1.8 deer use
days/ha) over grasdand openings (mean of0.61 deer use days'ha). Elk did not exhibit a preference
between forested areas (mean of 0.65 elk use daysha) and openings (mean of 0.53 ek use daysha).
They aso noted cattle spent gpproximately haf their time in grasdand habitats and hdf in forested
habitats. Increased cattle stocking on dud- use (cattle and big game) ranges resulted in increased big
game use of grasdand habitats but the overdl big game use of moderately and heavily stocked dua-use
ranges decreased. Elk spent sgnificantly (P<O. 05) more time on big game-only ranges than on dua-use
ranges. Although, not datigticaly significant, deer use was apparently higher on big game-only ranges
than on the dua- use ranges. Higher availability of ungrazed forage was suggested as the factor that
attracted deer and ek to the big game-only ranges.
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Yeo et d. (1993) directly observed cattle, ek and mule deer from a fixed-wing arcraft while sudying the
seasonal habitat selection response of these ungulates to a rest-rotation cattle grazing management system
in the steep terrain of eastcentra 1daho. During summer-fdl, cattle made increasingly greeter use of high
elevations (P=0.0001) and steep dopes with each successve year after the rest-rotation system was
implemented.

In summer-fall, elk use of riparian and forested habitats was nearly twice as high in the pastures grazed
by cattle asin the rested pastures. Elk did not use the riparian habitats in either the grazed or rested
pastures during winter. Winter ek use of the forested habitats was higher in the grazed pastures than in
the rested pastures. During spring, elk made similar use of the riparian habitats in the grazed and rested
pastures but did not use the forested habitats in the grazed pastures (Yeo et d. 1993).

Summer-fal habitat use by mule deer was smilar between the grazed and rested pastures. During winter,
mule deer in the rested pastures made heavier use of draws and areas of high eevation and less use of
benches than did mule deer in the grazed pastures. In spring, mule deer in the grazed pastures used
steeper dopes than mule deer in the rested pastures. Mule deer in the grazed pastures were observed
more frequently on dope faces while mule deer in the rested pastures were more often seen in draws
(Yeo et d. 1993).

Working on a ponderosa pine- bunchgrass range in central Arizona, Wallace and Krausman (1987)
noticed sghtings of ek and mule deer aong an observation route were sgnificantly (P<0.05) lower in
pastures which were being grazed by cattle than in pastures where cattle were absent. Habitat use by ek
shifted from open forestgrasdand and logged areas in pastures without cettle to heavily forested areas
when cattle were brought into a pasture. Deer habitat use was not influenced by the presence or absence
of cattle.

Stevens (1966) reported that direct observations of ek on his study areain the Elkhorn Mountains of
Montana indicated nearly 100% of elk winter use and 90% of ek early spring use occurred in a habitat
zone dominated by 1daho fescue and bearded bluebunch whegtgrass. Early summer ek use was more
evenly distributed across the three habitat zones (fescue-whestgrass zone, Douglas fir zone, and
Engemann spruce-dpine fir zone) identified on the study area. Later in the summer ek tended to prefer
the higher devation, Engdmann spruce-dpinefir zone.

Three cattle dlotments were located in the Elkhorn Mountains study area. Two of these dlotments
occurred in the fescue-whesatgrass and the Douglas fir zones while the third, higher devation alotment
occurred in the Douglas fir and Engelmann spruce-apine fir zones. Caitle grazing on the lower two
alotments occurred from June to mid October. During early and late day feeding periods caitle



tended to use the fescue-wheatgrass zone and were concentrated in fescue-wheatgrass and
sagebrush-fescue vegetation types. The aspenwillow vegetation type, located in the drainage bottoms of
the fescue-wheatgrass zone, was used by cattle for resting during the heat of the day. Cattle foraging in
the Douglasfir zone occurred primarily in the grass-forb park vegetation type while the aspenwillow and
Douglas fir vegetation types were used for regting. Cattle grazing in the higher eevation dlotment
occurred from July to mid September. Cattle used the Engel mann spruce-apine fir zone dmost
excdlusvey during thet time. The grass-forb park was the most preferred vegetation type for cattle
foraging. Cattle used the mature lodge-pole vegetation type for resting (Stevens 1966).

Sheep used the Elkhorn Mountains study area between mid July and late August. The sheep were
herded according to a camp rotation schedule, feeding from park to park within the Engelmann spruce-
apine fir zone. Resting occurred primarily in the mature lodgepol e vegetation type (Stevens 1966).

In the foothills of southeastern Wyoming, Hart et d. (1991) reported little overlgp in habitat use between
cattle during the summer and ek during the winter. Cattle preferred to utilize the gentler terrain while ek
used the more rugged uplands. Based on their findings about elk and mule deer food habits during severe
winter weather in northeastern Oregon, Skovlin and Vavra (1979) advised that forage dlocation
strategies shoud designate open ridges and upper south dopes for big game winter use and management
activitieswhich promote cattle use of upper dopes may be undesirable on big game winter ranges.

Using direct observation, Ganskopp and Vavra (1987) studied the distribution of cattle, feral horses,
mule deer, and Cdifornia bighorn sheep relaive to the degree of dope within astudy areain southeastern
Oregon. Cattle used the study area from April to late October. The mean dope of sites where cattle
were observed was 5.8%. Fera horses were year round residents of the study area. The mean dope of
sites used by horses was 11.2%. Mule deer used the study area from October to late April. The mean
dope of sites where mule deer were observed was 15.7%. California bighorns were year round residents
of the study area. The mean dope of sites used by bighorns was 42.5%.

All cattle observations occurred on dopes of less than 40% except for one sighting on a 70% dope.
Cattle preferred (P<0.02) sites having dopes between 0 and 9%. Cattle used dopes of 10t0 19%in
proportion to their availability. Slopes greater than 20% were avoided (P<0.02) by cattle. It was
suggested that cattle confined in pastures having ardatively high mean dope and only smal areas of
gentle terrian available would make use of steegper dopes than would cattle confined in pastures having a
relaively low mean dope and large areas of gentle terrain available (Ganskopp and Vavra 1987).
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Fera Horses were always observed on dopes of |ess than 50% except for one group which was sighted
in an area having a dope of 100%. Horses were apparently attracted to level or gentle doping benches
and ridgetops and would navigate rugged terrain to reach these areas. Slopes greater than 30% were
avoided (P<0.02) or not used by horses (Ganskopp and Vavra 1987).

Mule deer preferred (P<0.02) gentle dopes of 0 to 9%. Sopes of 10 to 39% were used in proportion to
their availability by mule deer. Mule deer avoided (P<0.02) dopes of greater than 40%. However, mule
deer were observed on dopes as steep as 75% (Ganskopp and Vavra 1987).

Cadlifornia bighorn sheep were observed on dopes as steep as 150% but most observations were made
on dopes of 110% or less. Slopes of 70 to 79% were preferred (P<0.02) by bighorn sheep. All other
dopes of less than 80% were used in proportion to their availability by bighorn sheep (Ganskopp and
Vavra1987).

Ganskopp and Vavra (1987) concluded the dope use patterns of cattle, horses, deer, and bighorn sheep
were dgnificantly (P<0.01) different from each other. However, the differencesin dope use exhibited by

cattle, horses, deer, and bighorn sheep did not infer there was no spatial overlap between these ungulate

Species.

DIETS
TYPES OF METHODOLOGY COMMONLY USED FOR DIET DETERMINATION

There are various methods commonly used by researchers to study the diet of herbivores. This section
describes the diet andysis methods used in the literature cited in this review.

Bite count: This method usudly involves observing foraging herbivores and counting the number of bites
taken from different forage species. Tame animals are most often used so the observer can remain close
enough to the foraging animals that accurate bite counts can be made. Use of tame animas dso dlows
the observer to collect amulated bites of the forage species that the animals are foraging on. The
smulated bite samples can then be used to evauate, on a species bas's, the amount of forage by weight
the animas consumed. Diet qudity analys's procedures can dso be conducted on these smulated bite
samples. The bite count method for diet andysisin tame animals depends on the assumption that tame
animals, foraging in a particular areas, will have the same diet as the wild animas foraging in the same
area. The diet experience and previous handling received by the tame animas can influence their diet
section, thus, introducing bias into the result. However, conducting bite counts with wild animals, in
order to avoid the potentid bias associated with the use of tame animds, islogigticdly difficult. Bite
counts on wild animas must be conducted from a distance vantage point in order to avoid
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disturbing the foraging animas. Determining bites on individud forage speciesiis often difficult even with
the aid of powerful binoculars or spotting scopes. Simulated bite samples usualy can not be collected
while conducting bite counts on wild animas. Consequently, bite count data on wild animas dlows
determination of forage time spent consuming specific species but, not the amount (weight) of each
forage species consumed.

Esophageal fistulation: Tame animds are dso normdly used in this method of diet andysis. A fistulais
aurgicdly inddled in the esophagus of the sudy animads. The animds are then dlowed to forage in the
study area. After an acclimation period, forage samples are taken from the collection bag attached to the
fisula Plant epiderma fragments in the fistula samples are then identified to species using
microhistologica (Sparks and Maechek 1968) techniques. The frequency of plant fragments for species
is used to determined percent of the diet represented by each species However, as with the bite count
method, the esophaged fistulation method may be biased by factors associated with the use of tame
animas rather than wild animas.

Fecal analysis: In this method, fecal samples are collected from the droppings of the herbivores under
sudy. Microhistological techniques are then used to determine the frequency of plant epiderma
fragments from each forage species in the herbivore diet. The frequency datais then used to determine
the percent of the diet represented by each species. The fecd andysis method of diet determination
generdly over-edimates the dietary percentage of graminoids, which contain substantid proportions of
indigestible materid, while under-estimating the dietary percentage of highly digestible forb species. The
accurecy of fecd analysisfor determining the browse content of the diet is variable between browse
species. Vavra and Holechek (1980) reported the percent of snowbrush ceanothus in hand-compound
sampleswas highly overestimated while common snowberry was under-estimated when fecd analyss
was used to determine the composition of the samples. They suggested when microhistologica andysisis
used for diet determination, regression equations should be devel oped to correct for differentid
digedtibility between forage speciesin the diet.

Foraging site examination: Under this method, foraging Stes are identified by direct observation of
foraging animas. The percent utilization by weight of each of the forage species within the identified
foraging Stes is then ocularly estimated. The percent utilization by weight for each forage speciesis then
expressed as the dietary percent for each species. It should be noted that utilization sampling only at
identified foraging Stes may introduce biasinto the results. For example, use of this method may result in
over-sampling of open habitats where foraging animas are more observable while under-sampling
habitats with heavier cover where animds are less observable.



Forage utilization analysis: The utilization by weight of individud forage speciesis estimated ether by
the ocular estimate by plot method outlined by Pechnac and Pickford (1937) or by comparison of caged
and uncaged paired utilization plots.

The utilization by weight percent in used as an expression of the percent of the diet represented by each
forage species. Unlike the foraging Site examination method, the area examined with the forage utilization
method is not limited to identified foraging Sites. Forage utilization sampling is usualy conducted at
randomly located sampling points. Consequently, any bias associated with sampling location should be
diminated by randomization. However, the forage utilization method can be very labor- intensve. In large
sudy areas with adiverse variety of habitats and associated forage pecies, it may be logigticaly difficult
to obtain agatidicaly vaid data set of forage utilization on a habitat by habitat basis. Additiondly, snce
the species of herbivore foraging a each sample point is not visudly confirmed when using the forage
utilizetion andyss, it may be difficult to determine the diets of individua herbivore speciesin areas which
are occupied by more than one herbivore species at any onetime.

Rumen analysis: In this method, rumens are collected from harvested or sacrificed animds. In some
older studies, the rumen was open and a grid frame was positioned over the rumen contents. The
frequency of identifiable plant fragments within each grid section was ocularly evaluated and recorded. In
more recent sudies, rumen samples are collected and microhistological andysis is conducted on the
samples to determine the dietary compaosition. Inherently smal sample Szesis the primarily limitation of
this method.

CATTLE DIETSBY SEASON, FORAGE GROUP, AND SPECIES COMPOSITION
Section Abstract

Cattle diets are the mogt diversified during the spring. The forb content in the diets of cattle grazing in
both, forested and grasdand habitats is generaly higher during the spring than during any other season.
Consequently, the diets of cattle grazing in early season (late spring-mid summer) pastures of a
deferredrotation grazing system tend to be more diversified than do cattle dietsin late season (mid
summer-early fdl) pastures.

The summer diets of cattle grazing in grasdand habitats are made up of dmost exclusvely graminoids.
Graminoids aso dominate the summer diets of cattle grazing in forested habitats. Increasesin cattle
stocking rates tend to increase the utilization of perennid grasses. The utilization of the perennid grasses
compared to that of the other available forage species tends to be higher in late season pasturesthan in
early season pastures of deferred- rotation grazing systems. In forested habitats, cattle use of perennid
grasses tends to decrease with increasing tree dendity. Browse use by cattle in forested habitats may
increase dightly in late summer



as the palatability of the perennid grasses and forbs decreases. However, fal cattle diets are generdly
amog exclusvely made up of graminoids.

Comparison of cattle diets on rangeands of different condition classes indicates the dietary composition
is partidly dependent on forage availability. on rangeands in good condition, having nearly afull
complement of perennid grasses, summer cattle diets tend to contain dmost entirely graminoids. On
degraded rangelands, where much of the perennia grasses have been replaced by weedy forbs, summer
cattle diets tend to contain ardatively high percentage of forbs.

Summer Cattle Dietsin Northeastern Oregon.

In the Starkey Experimental Forest and Range in northeastern Oregon, Skovlin et d. (1976) reported,
based on ocular estimates of forage utilization, the summer diets of cattle grazing in
bunchgrass-dominated grass ands contained 96% graminoids while graminoids formed 88% of cettle
diets from forested areas. Elk sedge was the most prominert forest graminoid speciesin cattle diets.
Bearded bluebunch wheatgrass dominated cattle dietsin the grasdands.

In 1948, Pickford and Reid (1948) theorized that as range conditions improved on the then depleted
rangelands of the Starkey Experimenta Forest and Range, the percentage of graminoids in cattle diets
would increase. Thistheory is supported by a comparison of cattle diet composition (72% graminoids) in
the Pickford and Reid (1948) study with the Skovlin et d. (1976) study during which the range
conditions on the Starkey Experimenta Forest and Range were fair to good.

Also working on cattle summer range in northeastern Oregon, Miller and Krueger (1976) evaduated
forage utilization by cattle using paired exclosed (caged) and unexclosed plots. They reported 63% of the
total forage consumed by cattle came from logged forest habitats. Seeded grasses made up 55% of the
forage utilized by cattle in the logged forest habitats. Forage from bunchgrass-dominated grasdands
made up 29% of the tota forage utilized by cattle. Sandberg bluegrass and bearded bluebunch
whesetgrass were the predominate forage species utilized by ceattle while in the grasdand habitats. Only
8% of the total forage utilized by cattle came from forested habitats.

Clary et d. (1978) reported forage utilization estimates indicated perennia grasses formed 97% of the
summer cattle diet on ponderosa pine-bunchgrass range in northern Arizona. They aso noted 75% of the
vaiability in forage utilization could be explained by the combination of two variables, perennid grass
production and ponderosa pine density (basa arealhd). Forage consumption increased with increased
perennid grass production and decreased



ponderosa pine density. In southeastern Washington, Lauver (1983) aso noted, based on cow chip
counts, cattle use of forested habitats decreased with increased tree dengity.

Holechek et al. (1982a) reported based on forage samples collected from esophaged ly-fistulated cows,
Idaho fescue, bearded bluebunch whesatgrass, and Sandberg bluegrass were the most prominent species
in summer cattle diets on grasdand habitat in the Blue Mountains of Oregon. Idaho fescue was preferred
over bearded bluebunch whesatgrass. Sandberg bluegrass was the most abundant grass on the sudy area
but was utilized much less than its availability. Forage preferencein cattle was related to plant phenology.
The diversity of cattle diets was higher during late spring than during the rest of the grazing season. Forbs
made up as much as 41% of the late spring cattle diet. Important forbs were western yarrow, arrowlesf
ba samroot, and lupine. As the forbs matured in early summer, cattle diets switched to an dmost
complete dominance of grasses. Late summer and fal diets continued to contain amost exclusively
grasses. Browse consumption remained relaively static, ranging from 3 to 8% of the diet throughout the
grazing season.

In forested habitats of the Blue Mountains, Holechek et d. (1982b) noted cattle forage samples collected
via esophaged fidtulas indicated 1daho fescue and ek sedge were the primary itemsin cattle diets during
the summer grazing season. Forbs made up as much as 36% of late spring cattle diets. Important forbs
werewestern yarrow, heartleaf arnica, and lupine. Forb use declined with seasond and phenologica
progression. Browse use increased as the paatability of graminoids and forbs decreased. Common
snowberry, spirea, and wax currant were the most common browse speciesin the diet.

Using feca andysis techniques, Sheehy (1987) reported summer cettle diets in foothill bunchgrass and
ponderosa pine- bunchgrass communities in northeastern Oregon consisted of 67% perennia grasses,
15% annual grasses, 6% grasdikes, 6% half-shrubs and forbs, 1% trees, and 5% other. Dominate
perennia grassesin the diet were Kentucky bluegrass (24%), bearded bluebunch wheatgrass (19%),
and Idaho fescue (17% of the summer diet) . Elk sedge was the most important grasslike species making
up 3% of the summer diet.

Fdl Cattle Dietsin Northeastern Oregon

Fal cattle diets in the foothills of northeastern Oregon contained 87% perennia grasses, 1% annud
grasses, 1% grasdikes, 5% hdfshrubs and forbs, 1% trees, and 5% other.

Bearded bluebunch whesatgrass (46%) was the most prominent perennid grassin the fall diet followed by
Idaho fescue (36%). Hoods phlox (4%) was the most important forb in the diet (Sheehy 1987).



Influences of Stocking Rate and Grazing Systemn on Cattle Diets

In the Star key Experimental Forest and Range in northeastern Oregon, Skovlin et d. (1976) reported
the utilization of primary grass species by cattle was positively (P<0.05) related to cattle stocking rates.
Shrub and forb use were not significantly affected by stocking rates. Overal forage utilization was not
ggnificantly different between season-long and deferred- rotation grazing management systems.
However, utilization of bearded bluebunch whestgrass was 6% higher (P<0.05) on season-long ranges
than on deferred-rotation ranges. Loss of quantity and qudity in the early maturing annua grasses and
forbs explained why cattle made heavier use of the principd forage species on the late season ranges as
compared to the early season ranges of the deferred-rotation system.

SHEEP DIETSBY SEASON, FORAGE GROUP, AND SPECIES COMPOSITION
Section Abstract

Spring sheep dietsin low eevation montane habitats are dominated by graminoids with forbs playing a
secondary role in the diet. However, in low devation shrub-steppe habitats, spring sheep diets may
contain considerable amounts of browse. Graminoids dominate sheep dietsin low eevation montane
habitats during the summer but forbs are the principa summer dietary component in high eevation
meadow and parkland habitats. The availability of paatable forbs can influence the dietary composition
as the grazing season progresses. Sheep tend to increase their consumption of graminoids as the
available forbs mature and desiccate. Additionaly, the consumption of forbs by sheep decreases with
each successive vidt to a particular feeding Site. In forested habitats, containing a high proportion of
paatable browse but limited amounts of herbaceous forage, summer sheep diets may be predominated
by browse species.

Spring and Summer Sheep Diets

On adegraded, high evation rangeland in northeastern Oregon, Pickford and Reid (1943) reported
forage utilization estimates indicated summer sheep diets conssted of 66% forbs, 33% graminoids, and
1% browse. Knotweed, lupine, hawkweed, Grays ligusticum, and littleflower penstemon were the most
prominent forbs in the diet. Mgor graminoid species were subal pine needlegrass, ek sedge, and other
sedges.

Hanley and Hanley (1982) noted, based on feca andysis, soring sheep diets in northeastern Cdifornia
and northwestern Nevada consisted of 47% graminoids, 12% forbs, and 41% browse. Summer sheep
diets contained 68% graminoids, 22% forbs, and 10% browse.
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In western Montana, Stevens (1966) reported feeding site eva uations indicated summer sheep diets
were dominated (70%) by forbs. The mgor forb speciesin the diet were pale agoseris, lupine, and
hawkweed. Graminoids formed the remainder of the summer diet. Sedges, bromes, danthonias, and
whesgtgrasses were the most important graminoids. Dietary differences were gpparent between the first
and subsequent visits by sheep to afeeding area. During the first vigit the forb content of the diet was
usudly higher (as much as 89% of the diet) than in subsequent vists. Graminoids increasedin the sheep
diet with the number of viststo afeeding area.

On pumice soilsin south centra Oregon, Stuth and Winward (1977) noted, based on forage utilization
estimates, summer sheep dietsin meadow communities contained an average of 81% graminoids and
19% forbs. Diets in the logged |odgepole pine-antel ope bitterbrush- western needlegrass community
were made up of 74% browse (primarily antelope bitterbrush), 24% graminoids, and 2% forbs.
Summer dietsin the unlogged lodgepole community consisted of nearly 100% antelope bitterbrush
browse.

ELK DIETSBY SEASON, FORAGE GROUP, AND SPECIES COMPOSITION
Section Abstract

Elk winter diets are generally dominated by graminoids. However, the winter elk diet composition
appearsto be related to the type and quantity of forage available on each particular winter range. On
winter ranges dominated by graminoids, the graminoid content of |ate winter-early spring ek dietstend
to be higher than the graminoid content of late fal-early winter diets. The graminoid content of |ate
season dk diets congsts primarily of green growth. Graminoids aso dominate the oring ek diet.
During the summer, ek tend to shift to aforb dominated diet. However, summer ek dietsin

subd pine-dpine habitats often exhibit an graminoid dominance. In thefal, ek generdly shift from aforb
preference back to agraminoid preference. However, on fal ek ranges where the vegetative
compodition is dominated by browse species, fal ek diets tend to be composed primarily of browse.

Winter EIk Dietsin Northeastern Oregon

Skovlin and Vavra (1979) used microhistologica techniques to evduate winter ek diets from pellet
collections made in early winter (December 1973) and in late winter-early spring (March-April 1974)
on winter ranges within five different big game management unitsin northeastern Oregon. 1daho fescue
was the most prominent speciesin winter ek diets. On three of the five management units the highest
consumption of Idaho fescue by elk occurred during the late season. Early and late season ek diets
contained 43% and 77% grasses, respectively. Grassesin late season ek diets were primarily green,
new growth. Dietz and Nagy (1976) and, Vavraand



Sneva (1978) dso noted grasses predominated big game diets during the late winter-early soring.
Skovlin and Vavra (1979) reported ek use of forbs was minima during both the early and the late
season. Browse species made up only 5% of the winter ek diet. It should be noted big game winter
ranges in northeastern Oregon lack the extengve shrub communities common to other big game winter
ranges throughout the West (Skovlin and Vavra 1979) . However, since the results of this study were
based on . fecd andysis without adjustment for differentid digestibility of dietary congtituents, the role of
browse and forbs in the winter ek diet may have been under-estimated while the role of graminoids may
have been overestimated.

Sheehy (1987) used fecd andysisto sudy winter ek diets in foothill bunchgrass and ponderosa
pine-bunchgrass communities in northeastern Oregon. Perennia grasses formed 50% of the diet while
grasslikes made up 30%, haf-shrubs and forbs 5%, trees 8%, shrubs 2%, and other forage 5%. The
most prominent perennia grasses in the winter diet were Idaho fescue and bearded bluebunch
whegtgrass, each made up 21% of the diet. Elk sedge was the dominant grasdike forming 30% of the
diet. The haf-shrub Oregon grape congtituted 4% of the winter diet. Ponderosa pine was the only tree
browsed and formed 8% of the diet. Antelope bitterbrush made up 2% of the ek winter diet. Asaresult
of differentid digedtibility of dietary components, the forb and browse content of winter ek diets may
have been under-represented in this study as well.

Spring Elk Dietsin Northeastern Oregon

Based on analysis of fecal and rumen samples, Sheehy (1987) reported spring ek dietsin the foothills of
the Blue mountains of Oregon consisted of 65% perennia grasses, 15% grasdikes, 4% haf shrubs and
forbs, 5% trees, 1% shrubs, and 9% other forage. Two perennia grasses, |daho fescue and bearded
bluebunch whestgrass formed 30% and 19% of the spring ek diet, respectively. Elk sedge made up
15% of the diet. Oregon grape was the dominate haf shrubforb consumed by ek forming 2% of the diet.
Ponderosa. pine made up 5% of the spring ek diet.

Sumer Elk Dietsin Northeastern Oregon

Using fecd analysis methodology, Korfhage et d. (1980) noted during the late spring, ek dietsin
northeastern Oregon contained mostly graminoids (60%) . As the season progressed into summer, ek
increased their consumption of forbs while decreasing their graminoid intake. Forb and browse use
pesked during late summer, averaging 46% and 41% of the diet, respectively. The principa grassesin
elk summer diets were bearded bluebunch wheatgrass, mountain brome, elk sedge, orchard grass, and
sheep fescue. Dominate forbs in ek summer diets were American trail plant, Oregon fa sebugbane, and
Columbia monkshood. Oceanspray, malow ninebark, and Pecific yew were the most common browse

Speciesin
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the summer diets. The differentid digestibility of dietary components was not accounted for in this studly.
Seasond Elk Dietsin Other Areas of the West

Using methodology similar to that of Kufeld et d. (1973), Kufeld (1973) reviewed 48 ek food habit
sudies which had been conducted in different areas throughout the western United States. The seasonal
composition of ek diets were summarized as both, percentages of 3 mgor forage groups, browse, forbs,
and graminoids, and by ranking the prominence of individua forage speciesin ek diets.

Kufeld (1973) concluded elk winter dietary composition was strongly influenced by forage availability.
Elk wintering on grasdands in Montana had diets which consisted of 63 to 100% grasses, with browse
and forb content averaging 9% and 8%, respectively (Casagranda and Janson 1957, Morrison and
Schwartz 1957, Greer: 1959, Constan 1967, Gordon 1968, and Greer et a. 1970). In Montanaand
portions of northern Idaho and northeastern Washington, elk winter diets consisted of 65% grasses, 2%
forbs, 15% browse, and 5% lower plants (DeNio 1938). In Jasper Park, Alberta, elk wintered almost
entirely on grasses with 97% of their diet coming from that forage group (Cowan 1947). In New
Mexico, Manitoba, Colorado, and Idaho, browse constituted 95% (Lang 1958), 62% (Blood 1966),
57% (Boyd 1970), and 82% (Trout and Leege 1971) of ek winter diets, respectively. Elk use of
grasses in the 4 studies just mentioned averaged 22% with little or no use of forbs (Kufeld 1973).

Eight Montana studies reviewed by Kufeld (1973) indicated ek spring diets included an average of 87%
grasses (Morris and Schwartz 1957, Rouse 1957, Kirsch 1963, Stevens 1966, Eustace 1967, Gordon
1968, Greer et a. 1970, and Mackie 1970). In 1973, the only acceptable spring elk diet data available
outsde of Montana came from a Manitoba study (Blood 1966) where elk diets contained 54% grasses,
37% browse, and 9% forbs (Kufeld 1973).

Based on feeding Ste examinations, Stevens (1966) reported grasses made up 77% of spring ek dietsin
the Elkhorn Mountains of Montana. 1daho fescue was the most dominate grass in the diets. Forbs
formed the remaining portion of the diet. As spring progressed, elk diets tended to increase in forb
content.

Forbs were the most important forage group during the summer for elk in Montana. Kufeld (1973)
compared the findings of 7 Montana studies and found ek summer dietsincluded 64% -forbs, 30%
grasses, and 6% browse (Morrison and Schwartz 1957, Rouse 1958, Kirsch 1963, Stevens 1966,
Eustace 1967, Greer et d. 1970, and Mackie 1970) . Two Colorado studies, Nichols (1957) and Boyd
(1970) reported grasses were the most important summer ek forage making up 58% and 78% of ek
summer diets, respectively. Y oung and Robinette (1939) in Idaho and Blood (1966) in Manitoba both
found that browse formed



the largest portion of ek summer diets, 55% and 52%, respectively (Kufeld 1973).

Working on dpine- subalpine summer ranges in Rocky Mountain Nationa Park, Colorado, Baker and
Hobbs (1982) reported, based bite count analysis, tame ek diets consisted primarily of graminoids. The
amount of graminoidsin ek diets remained smilar (P> 0.31) throughout the summer rather than
changing with the phenologica progress of the available forage species. Elk summer diets contained
smilar (P> 0.11) quantities of graminoids between the 3 habitat types on the study area: 1) willow park
type, 2) Krummhotz ecotone type, and 3) apine tundra type. Within the willow park type; sedges, baltic
rush, tea-leaved willow, and blueberry dominated ek summer diets. EIk primarily fed on sedges,
tea-leaved willow, short-fruited willow, kobresia, and tufted hairgrass in the Krummhotz ecotone type.
Elk diets in the dpine tundra type were dominated by sedges, rush, tufted hairgrass, tedeaved willow,
apine avens, and ekdip marshmarigold.

Callins et d. (1978) used hite count techniques to study the summer diets of tame ek in lodgepole pine
habitats of northern Utah. Forbs were the most prominent forage group in the elk summer diets followed
by grasses with browse being of limited importance.

In hisreview, Kufdd (1973) , found ek in Montana tended to shift from forbs to grassesin thefdl. Data
for ek fal diets from 9 Montana studies indicated grass congtituted an average of 73% of diet (Rush
1932, Morrison and Schwartz 1957, Rouse 1957, Greer 1959, Greer 1960, Kirsch 1963, Peek 1963,
Greer et a. 1970, and Mackie 1970). In the only Colorado study reviewed which contained fall diet
data (Boyd 1970), grasses formed 92% of thefdl ek diet. Fal diets were apparently quite variable
between different areas of New Mexico. Burt and Gates (1959) noticed that fal ek diets contained 84%
grass while Lang (1958), dso in New Mexico, reported browse formed 77% of the fal diets and grasses
only 21%. In areas of Manitoba (Blood 1966) and Idaho (Y oung and Robinette 1939), browse use was
aso high reaching 55% and 40%, while forbs reached 37% and 40%, and grasses 8% and 20%,
respectively (Kufeld 1973).

Using data from the elk diet studies he reviewed, Kufeld (1973) cdculated dietary prominence rankings
for each forage species identified in the review. Bearded bluebunch whestgrass, sedges, ek sedge, Idaho
fescue, rough fescue, prairie junegrass, and bluegrasses were ranked as principa grass speciesin ek
diets. Dietary importance varied seasondly for most of the graminoids just mentioned. Only ek sedge
and prairie junegrass were ranked as "highly vauable' and "vauable" year-round forages, respectively.
Pale agoseris and sticky geranium were the important forbs in summer ek diets. Lupine was noted as a
highly preferred fal forb. Aster was found to be an important year-round forage. Serviceberry, red stem
ceanothus, snowbrush ceanothus, quaking aspen, common
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chokecherry, antelope bitterbrush, Gambe oak, and willows were "highly vauable" browse species for
ek (Kufeld 1973).

MULE DEER DIETSBY SEASON, FORAGE GROUP, AND SPECIES COMPOSITION
Section Abstract

A review of the mule deer food habit research (Kufeld et d. 1973) conducted throughout the West that
winter mule deer diets are primarily composed of browse with forbs being of secondary importance and
graminoids occurring only in limited amounts in the winter mule deer diet. However, sudies carried out in
northeastern Oregon reved winter mule deer diets are composed of primarily graminoids, specificaly

| daho fescue and bearded bluebunch whesatgrass (Skovlin and Vavra 1979) . Since paatable browse
species do not form a substantia portion of the vegetative composition of mule deer winter rangesin
northeastern Oregon, it is probably reasonable to assume the observed differences in winter mule deer
diets between winter ranges is related to the availability of each forage group. Use of graminoids by mule
deer peaks during the spring when succulent, green growth is available in the perennid grasses. The
importance of graminoidsin the mule diet declines during early summer while the importance of forbs
increases. On mule deer ranges where palatable browse species are abundant, mule deer tend to shift
towards a browse-dominated diet during the fall. on mule deer ranges, smilar to those found in
northeastern Oregon, which lack asignificant paatable browse component, fall mule diets tend to contain
varying amounts of forb and graminoids.

Winter Mule Deer Diets in Northeastern Oregon

Based on fecd andysis, Skovlin and Vavra (1979) reported winter mule deer dietsin five different big
game management units in northeastern Oregon contained a subgtantid amount of graminoids. During the
early season (late fal-early winter), mule deer diet's contained 20% grasses. Late season (late
winter-early spring) mule deer diets contained 46% grasses. Grassin the late season mule deer diet
conssted primarily of the new, green growth taken from perennia grasses. Browse species formed 25%
of the winter mule deer diet.

Sheehy (1987) observed, based on fecd andys's, winter-soring mule deer diets conssted of 49%
perennia grasses, 2% grasdikes, 21% half-shrubs and forbs, 14% trees, 4% shrubs, and 10% other
forage. Idaho fescue, the most dominate species in the diet, represented 17% of the winter-spring forage
consumed by mule deer. Other perennia grasses that were important in the winter-spring diet were
Sandberg bluegrass (11%), bearded bluebunch wheatgrass (10%), and L eiberg bluegrass (8%). Hood
phlox was the most prominent forb in the diet, representing 16% of the winter-spring forage consumed
by mule deer. Browse from ponderosa pine trees aso formed a substantial percentage (13%) of the mule
deer diet.
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Seasona Mule Deer Diets Throughout the West

Kufeld et d. (1973) examined the findings of 99 mule deer diet Sudies. Forage speciesidentified. in
these studies were classfied by season of use and ranked according to the level of deer use. The number
of studies used to form the ranking for each forage species was listed so the reader could eva uate the
vdidity of the ranking. The season of use and ranking data were used to summarize the seasond
components of mule deer diets throughout most of their native range in the western United States.

Mule deer winter diets contained an average of 74% browse from shrubs and trees, forbs averaged
15%, and graminoids accounted for 11%. Winter use of graminoids varied greeatly between the studies
examined, making up 0 to 53% of mule deer diets (Kufeld et a. 1973).

In the spring, the percentage of browse in mule deer diets declined to an average of 49% while forbs and
graminoids increased to 25% and 26%, respectively. Mule deer use of graminoids, was the highest in the
spring but percentages of the diets varied widdly (4 to 64%) between studies (Kufeld et a. 1973).

Browse in summer mule deer diets remained at 49% while forbs increased to 46%, and graminoids
decreased to 3% of the diets. Forb content in the diets was greatest in the summer. but was highly
vaigble (3 to 77%) between references. Graminoids were used least in the summer. Reported dietary
percentages for grasses varied from 0 to 22% (Kufeld et d. 1973).

Fdl diets of mule deer averaged 60% browse, 30% forbs, and 9% graminoids. Again, the forb content
of the mule diet diets reported in the reviewed studies varied considerably, ranging from 2 to
78%(Kufeld et al. 1973).

The most common browse speciesin mule deer diets throughout their native range were big sagebrush,
curlleaf mountain mahogany, true mountain mahogany, quaking aspen, antel ope bitterbrush, Gambe oak,
and skunkbrush sumac (Kufeld et a. 1973).

Dominate forbs species in mule deer diets varied considerably among referenced studies. Very few forbs
were consistently reported as making up a substantial portion of mule deer diets. The forbs most often
occurring in mule deer diets were western yarrow, pussytoes, fringed sagebrush, Louisiana sagebrush,
adter, milkvetch, arrowleaf balsamroot, thistle, fleabane, buckwheet, geranium, prickly lettuce, lupine,
dfdfa, penstemon, phlox, Hoods phlox, knotweed, cinquefoil, common danddion, ydlow sdsfy, cover,
and american vetch (Kufeld et d. 1973).

Kufdd et d. (1973) noted in many of the studies evauated in their review, the graminoids were not
identified by species.



Consequently, the following list of the most common graminoid speciesin mule deer dietsis based on
datafrom only those studies which did report the graminoid speciesin the diets: whesatgrass, bearded
bluebunch whestgrass, cheatgrass brome, sedges, |daho fescue, muttongrass, Kentucky bluegrass, and
bluegrasses.

Using rumen sample andyss techniques, Willms et d. (1976) evduated fdl, winter, and spring mule deer
diets in southern British Columbia. Significant relationships (P<0.1) were found between the consumption
of certain gpecies and the season of the year. Big sagebrush, gray rabbitbrush, and fringed sagebrush
were primarily esten during the winter. Pea vine, Srawberry, lupine, Oregon grape, myrtle pachistima,
and rose were consumed by mule deer on the fdl range. Although the consumption of big sagebrush,
fringed sagebrush, Oregon grape, pussytoes, and graminoids was not significantly related to the spring
season, these gpecies were common in the Soring mule deer diet.

Audtin and Urness (1985) used bite count anadys's procedures to evduate tame mule deer dietsin 4 plant
communities of summer mule deer habitat in the Shegprock mountains of Utah. Dietary diversity was
very low in the Utah serviceberry community. Utah serviceberry and sagebrush formed most of the mule
deer diets throughout the summer.

In contradt, dietary diversity was high during late pring and early-mid summer in the Gambe oak
community. Forb availability was high in late soring and made up the bulk of the mule deer diet in the
Gambe oak community during that time. As the season progressed, the availability of succulent forbsin
the Gambe oak community generaly decreased. However, forbs occurring under shrub canopies tended
to remain succulent longer than those occurring in the open. Intake of forbs decreased with avail ability;
occurring as 77% of the may diet, 26% of the July diet, and less than 1% of the September diet.
Consumption of Gambel oak browse increased throughout the summer occurring as 16% of the May
diet, 60% of the July diet, and 96% of the September mule deer diet (Austin and Urness 1985).

Mule deer dietsin the big sagebrush community contained a high proportion of forbs throughout the
season. Late spring and early summer diets contained 84% and 81% forbs, respectively. Forbs and 2
browse species;, Utah serviceberry, and mountain snowberry, formed most of the mid and late summer
diets. Early fal diets were aso dominated by forbs, mountain snowberry, and Utah serviceberry with
Utah serviceberry forming alarger proportion of the mule diet during this part of the season (Austin and
Urness 1985).

The mixed browse community tended to occur a higher eevations than the 3 proceeding plant
communities. Forbs formed the bulk of the late spring and early summer mule deer dietswith Utah
serviceberry, Woods rose, and mountain snowberry contributing to



the remainder. Deer use on forbs decreased by mid summer and use increased on Gambel oak, Woods
rose, and mountain snowberry. Gambel oak, Woods rose, and forbs dominated the late summer diet.
During early fdl, forbs logt their prominence in the diet. Gambe oak, Woods rose, and mountain
snowberry made up most of the fall mule deer diet in the mixed browse community (Austin and Urness
1985).

BIGHORN DIETSBY SEASON, FORAGE GROUP, AND SPECIES COMPOSITION
CdiforniaBighorn Sheep Diets

Blood (1967) reported the fall -winter- oring diet of the Ashnola River Cdiforniabighorn sheep herd in
British Columbia conssted of 72% graminoids, 4% forbs, and 24% browse. He noted fringed sagebrush
made up 35% of the winter diet. Also working with the Ashnola herd, Sugden (1961) noted browse
from Douglas fir and Englemann spruce was consumed by Cdifornia bighorns during the winter when the
avalability of other forage was reduced. Bearded bluebunch wheatgrass was the most prominent
graminoid in the bighorn diet (Sugden 1961).

Rocky Mountain Bighorn Sheep Diets
Section Abstract

Food habit research conducted on Rocky Mountain bighorn occurring in Colorado, 1daho, Montana,
and Wyoming reveas winter bighorn sheep diets are generdly dominated by graminoids with browse
being increasingly important from mid to late winter. Spring bighorn sheep diets gppear to be dominated
by graminoids with browse being of secondary importance. In late pring, on some bighorn ranges, forbs
may become the most prominent component of bighorn diets. However, as summer progresses bighorn
diets gradualy shift back to adiet dominated by graminoids. During the fall, Rocky Mountain bighorn
diets are dso0 generdly dominated by graminoids with browse playing a secondary rolein the diet. There
is some indication fringed sagebrush, often classified as aforb, may be avery important bighorn forage
plant during the fdl.

Winter Rocky Mountain Bighorn Sheep Diets

Using direct observation and rumen andyss techniques to study the diet of the Rock Creek herd in
Montana, Cooperrider (1969) noted 30% of the fall-winter diet consisted of the fringed sagebrush.
Other authors have a so reported Rocky Mountain bighorn heavily depend on fringed sagebrush during
the fall and winter (Mills 1937, Honess and Frost 1942, Spencer 1943, Cowan 1947, Schallenberger
1966, and Constan 1967).

Smith (1954) noted, based on direct observational data, winter Rocky Mountain bighorn dietsin
habitats along the SAmon River of Idaho consst of 56% graminoids-forbs, 39% browse, and 5% moss
and



lichen. The browse content of winter bighorn diets tended to increase as snow began to bury the
herbaceous plants on the winter range. Bearded bluebunch wheatgrass and |daho fescue were the
principa graminoid speciesin winter bighorn diets. Curlleaf mountain mahogany was the dominate
browse component of the winter diet.

Oldemeyer et d. (1971) reported, based on utilization estimates and feeding Site evauations, winter diets
of Rocky Mountain bighorn sheep in Y dlowstone Nationd Park consisted of 61% grass, 22% browse,
and 17% forbs. Bearded bluebunch wheatgrass was the most preferred grass while phlox and winterfat
were the most preferred forb and browse, respectively.

In north central Montana, Kasworm et a. (1984) used fecd andysis techniques to examine the winter
diet of Rocky Mountain bighorn sheep. They reported graminoids were the most prominent component
in the early winter bighorn diet. Graminoids formed 65% of the early winter diet but declined to 47% of
the diet by late winter. Whegtgrasses, fescues, and prairie junegrass were the principa graminoidsin the
winter bighorn diet. Consumption of browse by bighorn sheep increased from 23% of the early winter
diet to 42% of the late winter diet. The most important sources of browse were fringed sagebrush
(conddered a shrub in this study), Douglas fir, and juniper. Douglas fir and juniper were used primarily in
March while fringed sagebrush was consdered an important browse species throughout the winter.
Basamroot and biscuitroot were the only forb species heavily used by wintering bighorn sheep.

Based on microhigtologica andysis of fecd samples, Keating et a. (1985) noted wintering Rocky
Mountain bighorn sheep on the Everts and Cinnabar winter ranges of Montana fed mainly on grass and
browse taxa. The dominate grass taxa in the bighorn diets were wheatgrasses, prairie Junegrass, fescues,
needlegrasses, and bromes. Sagebrush and winterfat were the most common browse taxa consumed by
wintering bighorn. Phlox species were the only forbs which were regularly found in bighorn winter diets.
It should be noted the fecd analyssin this study was done without adjustment for differentid digedtibility
between forages. Consequently, some of the forbs and more digestible browse species may be
underrepresented in the bighorn diet presented in this report.

Based on bite count methodology, Dalley et d. (1984) concluded winter diets of tame Rocky mountain
bighorn sheep a Niwot Ridge, Colorado were dominated by grasses with browse and forbs being of
secondary and tertiary importance, respectively. During early summer, bighorns fed mosily on forbs but
increased their grass intake as the season progressed and the succulence and availability of forbs
decreased.



Spring Rocky Mountain Bighorn Sheep Diets

Working in central 1daho, Smith (1954) reported, based on direct observation, spring bighorn diets
contained 77% graminoids and forbs, 22% browse, and 1% mosses and lichens. Chegtgrass brome and
arrowleaf basamroot were sought out by bighorn during the spring but ignored during other seasons.
Idaho fescue was preferred over bearded bluebunch wheatgrass during the spring.

In Saguache County, Colorado, Todd (1975) noted fecal samples collected for andlyss of spring Rocky
Mountain bighorn diets included 57% graminoids, 33% browse (primarily fringed sagebrush) , and 10%
forbs. Summer diets contained 65% graminoids, 29% browse (primarily true mountain mahogany and
bush rockspires) , and 6% forbs. Graminoids represented 54% of the fal bighorn diet while browse
made up 44% and forbs only atrace amount of the diet. Winter diets were dominated by browse (66%)
rather than graminoids (23%) with forbs (11%) again becoming a more important component of the diet.

Summer Rocky Mountain Bighorn Sheep Diets

In the SAmon River Drainage of centra Idaho, Smith (1954) used forage utilization sampling and direct
observation techniques to study the summer food habits of Rocky Mountain bighorn sheep. He reported
bighorns consumed 86% graminoids-forbs and 14% browse during the summer. Sedges, rushes, and
little ricegrass were the most prominent components of the summer bighorn diet.

Fal Rocky Mountain Bighorn Sheep Diets

In thefdl, Smith (1954) observed the Rocky Mountain bighorn sheep diet included an increase in the
percentage of browse (25%) and a decrease in the percentage of graminoid-forbs (66%) as compared to
the summer diet. He noted more than 75% of the bighorn sheep observed during the fal were located on
northerly aspects. It was aso noted the occurrence of shrubs was generdly higher on northerly aspects
than on southerly aspects within the study area.

Moser (1962) analyzed the rumen contents of hunter-killed Rocky mountain bighorn ramsin Colorado to
determinefal diets. Grasses made up 75% of the diet while browse and forbs formed 19% and 6%,

repectively.

PRONGHORN DIETSBY SEASON, FORAGE GROUP, AND SPECIES COMPOSITION
Section Abstract

Pronghorn feed primarily on browse during the winter. Sagebrush species tend to be the most common

sources of winter browse. Early spring pronghorn diets are generaly dominated by browse species but
the percentage of forbsin the diet increases as the season



57

progresses. Consumption of significant quantities of graminoids by pronghornsis normaly limited to late
winter and early spring when this forage group often provides an abundant source of succulent forage. As
the availability of forbs increases during late spring, pronghorns tend to shift toward a forb-dominated
diet. Summer pronghorn diets usualy continue to be dominated by forb species until late summer when
the forbs become mature and lose much of their paatability. Late summer and fal pronghorn diets
typicaly contain primarily browse. However, the occurrence of late summer and fal rains may induce a
flush of forb growth. Forbs species will then dominate the pronghorn diet until these species lose their
succulence again and are replaced by browse.

Winter Pronghorn Diets

Using microhistologica analysis of feca samplesto study the diets of pronghornsin southeastern Oregon,
Mclnnis and Vavra (1987) reported browse formed average of 59% of the winter pronghorn diet while
forbs and graminoids accounted for 21% and 20% of the diet, respectively. Low sagebrush and
Wyoming big sagebrush were the principa browse species in the winter pronghorn diet. Phlox was the
most prominent forb consumed by wintering pronghorn. Sandberg bluegrass was the dominate graminoid
in the winter diet.

Working in western Utah, Beale and Smith (1970) reported, based on forage utilization and direct
observation data, browse congtituted 90% of the late fall and winter pronghorn diet. Black sagebrush
was the primarily source of winter browse.

In southcentra Idaho, Johnson (1979) used feca andysis techniques to examine the winter diets of
pronghorns. The author observed browse species formed 77% of the forage consumed by wintering
pronghorn. Basin big sagebrush and common winterfat were the most prominent browse speciesin the
winter diet representing 65% and 11% of the forage consumed, respectively.

Spring Pronghorn Diets

Mclnnis and Vavra (1987) reported spring pronghorn diets in southeastern Oregon contained 47%
forbs, 37% browse, and 16% graminoids. Daggerpod was the most prominent forb in the spring diet.
The browse portion of the oring pronghorn diet was made up dmost exclusively of low sagebrush and
Wyoming big sagebrush. Both, Sandberg bluegrass and cheatgrass brome were contained in the spring
diet .

In western Utah, Bedle and Smith (1970) noted early spring pronghorn diets contained mostly black
sagebrush and bud sagebrush. Similar to sheep (Hutchings 1954), pronghorn exhibited a preference for
bud sagebrush during its early phenologica stages (Bede and Smith 1970). Spring was the only season
when grasses made up a notable portion of the pronghorn diet. Pronghorn began consuming



Sandberg bluegrass and Indian ricegrass after the young tillers were produced. Forbs became more
avalable in late oring and replaced grasses as amgjor component of pronghorn diets. In dry years, forb
availability decreased rapidly in early summer and browse became the mgor dietary component.
However, if late summer rains provided enough soil moisture to reinitiate the growth of forbs then,
pronghorn diets tended to shift to a heavy reliance on forbs. When the flush of late summer and fall forbs
lost their succulence, pronghorn diets shifted back to browse with black sage contributing an average of
49% of the diet.

Summer Pronghorn Diets

Mclnnisand Vavra (1987) observed, in southeastern Oregon, forbs made up an average of 80% of the
summer pronghorn diet, while browse and graminoids formed averages of 15% and 6% of the diet,
respectively. Munro globemdlow, long-leaf phlox, and Hooker balsamroot were the dominate forbsin
the diet. Low sagebrush and Wyoming big sagebrush were nearly the only browse species consumed by
pronghorn during the summer. No graminoid species formed more than 4% of the summer pronghorn
diet.

Smith and Malechek (1974) studied the summer diets of pronghorn in 2 areas of Utah; the Desert
Experimenta Rangein Millard County and the Awapa Plateau in Wayne County. Examination of
pronghorn feeding Stes indicated the summer diets in both areas were dominated by browse species,
followed by forbs, with grasses very rarely being consumed.

Johnson (1979) reported summer pronghorn dietsin the cold desert shrub-steppe of south central 1daho
contained Smilar anounts of browse and forbs. Two shrub species, basin big sagebrush and common
winterfat, formed 27% and 19% of the summer diet, respectively. Milkvetch (17%), Munro
globemdlow (9%), plains prickly pear (8%0), and fleabane (5%) were important forbs in the summer
pronghorn diet.

Fal Pronghorn Diets

Working in southeastern Oregon, Mclnnis and Vavra (1987) noted fal pronghorn diets contained an
average of 56% browse, 31% forbs, and 13% graminoids. Sagebrush species aimost completely
dominated the browse portion of the fal diet. Munro globemalow and long-leaf phlox were the principa
forbs consumed. Sandberg bluegrass and cheatgrass brome formed a smal but important portion of the
fdl pronghorn diet.

Based on feeding Ste examination and rumen andysis, Beale and Scotter (1968) concluded pronghorn
in western Utah sharply decreased their consumption of forbs between July and September while
increasing their browse consumption. Forbs formed roughly 85 to 90% of the diet during July but
formed only 35 to 40% of the
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diet by early September. The forb content in the pronghorn diet steadily decreased throughout the fall,
findly stabilizing in December a 5% of the diet.

UNGULATE DIET OVERLAPBY FORAGE GROUP AND SEASON OF USE
Section Abstract.

The potentid for diet overlap between cattle and big game is greatest where cattle and ek or cattle and
bighorn sheep use the same range. The studies examined indicate summer cattle diets and winter ek diets
arethe most likely to have subgtantial overlap. However, in areas containing both cattle summer range
and dk winter range, catle summer range is typicaly higher in devation and spatidly distant from ek
winter range. Consequently, it is unlikely that overlaps will occur between both, the diets and the habitats
used by cattle during the summer and by ek during the winter. However, as discussed later in this
review, the combination of habitat and diet overlap between these two ungulates is more likely to occur
on fal cattle range which is often used by dk later in the year as winter range.

The greatest overlap between the diets of elk and domestic sheep occurs during the summer when both
species rely heavily on forbs. However, ek tend to be more selective between forb species than are
sheep. Elk are dso inclined to remain on a forb-dominated diet throughout the summer. Conversdly, the
amount of forbs in the summer diets of sheep generaly decreases as the season progresses while the
amount of graminoids and browse generdly increases.

The diets of cattle and mule deer are most prone to overlap during the spring when mule deer diets
contain a substantia amount of graminoids. However, spring mule deer diets are primarily dominated by
forbs and browse while spring cattle diets contain mostly graminoids. Consequently, the degree of diet
overlap between cattle and mule deer isrdatively smdll.

Dietary overlap between domestic sheep and mule deer ismost likely to occur id the spring and in the fall
when the diets of both ungulates contain a considerable amount of browse and forbs. On rangelands
where the avallahility of palatable browse islow, spring mule deer and sheep diets may both contain high
percentages of graminoids.

Winter bighorn sheep diets and summer-fall cattle diets have the greatest potentid for overlap of any
seasond diet combination between these two ungulates. Under this combination, the diets of both, cattle
and bighorn sheep are dominated by graminoids. However, as with ek and cattle, the differencesin
seasond habitat use displayed by cattle and bighorn sheep minimizes the potentid for dietary competition
between these species.



Literature pertaining directly to diet overlap between domestic sheep and bighorn sheep was apparently
not avallable a the time of thiswriting. However, it ssemslikely that consderable overlap exists between
the diets of domestic sheep and bighorn sheep given the dietary preferences described in the Sheep Diet
and Bighorn Sheep Diet sections of thisreview.

Cattle and pronghorn diets generdly exhibit only asmall degree of overlgp. Cattle and pronghorn diets
appear to be most amilar during the soring and fal. However, the diets of these two ungulates typicaly
do not overlap more than 25% during any season of the year.

Dietary overlap between sheep and pronghorn istypicaly the highest during the soring and fal when both
Species are consuming sizable quantities of browse. However, as with cattle and pronghorn, the degree
of amilarity between the diets of pronghorn and sheep is generaly less than 25%.

Livestock, Elk, Mule Deer

Using fecd andyssto study the diets of cattle, ek and mule deer in the foothills of the Wadlowa
Mountains in northeastern Oregon, Miller and Vavra (1982) noted Idaho fescue and bearded bluebunch
whestgrass were important winter dietary components of both mule deer and elk. 1daho fescue and
bearded bluebunch whestgrass a so formed a mgjor portion of the summer diets of cattle grazing on big
game winter and spring range.

Kasworm et a. (1984) reported the summer diets of cattle grazing on abig game winter range in north
central Montana exhibited sgnificant (P<0.05) positive Spearman's Rank correlations with early winter
elk diets (r, = 0.63) and with late winter ek diets (rs = 0.50). Wheatgrasses and fescues were common
foragesin both summer cattle diets and in early and late winter ek diets. Early winter and late winter
mule deer diets exhibited negative correlations with summer cattle diets.

Also working in Montana, Stevens (1966) noted, based on feeding Site examination, forbs made up 76%
of the summer ek diet. Graminoids condtituted only 17% of the ek diet and were believed to be
consumed incidentally while elk foraged on forbs. The remainder of the summer ek diet congsted of
browse. Forb use decreased while browse use increased as the season progressed. Summer diets of
catle condsted of 75% graminoids with forbs forming most of the remaining portion of the diet. Summer
sheep diets were dominated by forbs (70%) while graminoids were of secondary importance and
browse forming only aminor portion of the diets. The percentage of grassesin sheep diets increased
between the first and the second vidits to individua parks. It appeared the grazing done by sheep during
thefirgt vigt to a park decreased the availability of forbs forcing the sheep to increase
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the percentage of grassesin their diets during the next vist to the park.

Working in southern Colorado, Hansen and Reid (1975) reported analysis of feca samples, collected
during the cettle grazing season (June through September) , indicated the overlap between mule deer and
cattle diets varied from 12.1 to 37.8%. However, during this time period, mule deer and cettle tended to
remain separated, occupying different areas of the range. Forage species most common in both diets
were sedge, bluegrass, fescue, and true mountain mahogany. Elk and cattle were inclined to occupy the
same aress during the cattle grazing season. Dietary overlap of ek and cattle ranged from 30.4 to
50.9%. Both elk and cattle diets contained substantial amounts of sedge, fescue, and bluegrass.

Working on a degraded rangeland in northeastern Oregon, Pickford and Reid (1943) compared the
forage species utilized by sheep during the summer to those utilized by ek after the sheep had been
excluded from the rangeland for 2 years. They found diet Smilarities were evident between ek and
sheep. Forbs growing in wet meadows were heavily used by both species. Mesic sedges were

aso common in both diets. On dry upland sites, ek sedge was aso used by both elk and sheep.
However, the potentia for strong competition between sheep and elk was moderated by the foraging
selectivity exhibited by ek within forage groups. Elk tended to be more sdlective between forb species
than sheep.

Cattle and Bighorn Sheep

In Montana, Kasworm et d. (1984) noted the winter diets of Rocky Mountain bighorn sheep indicated a
positive but non-sgnificant Spearman's Rank correlaion with summer cattle diets.

Forage from wheatgrasses and fescues represented substantial portions of both, summer cattle diets and
winter bighorn sheep diets.

Based on examination of feeding sites, Lauer and Peek (1976) observed that the winter and spring diets
of Rocky Mountain bighorn sheep living aong the East Fork Salmon River in Idaho conssted of 82%
graminoids, 11% forbs, and 7% browse. The late Soring and early summer diets of cattle grazing in this
area contained 97% graminoids, 1% forbs, and 2% browse. Bearded bluebunch wheatgrass was the
maost common graminoid species in the winter and spring bighorn diets and in the late spring and early
summer cattle diets.

Livestock, Elk, and Pronghorn.

In the Red Desart of Wyoming, Olson and Hansen (1977) compared the seasond diets of wild horses,
cattle, sheep, ek, and pronghorn using fecd analysis techniques. They concluded the overal diets of
cattle and ek were the most smilar of any comparison made between the five species. The spring diets
of ek and cattlein
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this study overlapped by 89%. The diets of ek and sheep overlapped the greatest (53%) during the
winter. Dietary overlgp between livestock and pronghorn was rdatively low. The highest overlap
between cattle and pronghorn diets (20%) occurred during the fal. The diets of pronghorn and sheep
were most Smilar (21%) during the fall.

Livestock, Pronghorn, and Mule Deer.

Mclnnis and Vavra (1987) noted the overlap between winter cattle diets and winter pronghorn dietsin
southeastern Oregon ranged from 9 to 13%. During the winter, cattle tended to make heavy use of
graminoids, epeciadly bottlebrush squirrdtail. Sagebrush species were the dominate forage speciesin
winter pronghorn diets. Spring cattle and pronghorn diets overlapped by 25%. Pronghorn and cettle both
consumed substantia quantities of Sandberg bluegrass and cheatgrass brome during the spring.

However, the soring pronghorn diets were typicaly browse and forb-dominated while spring cattle diets
contained primarily graminoids.

Hanley and Hanley (1982) reported graminoids made up 94% the cattle spring diet in northeastern
California and northwestern Nevada. Sheep spring diets contained smilar amounts of graminoids (47%)
and browse (41%). Pronghorn and mule deer spring diets conssted primarily of browse, 82% and 85%,
respectively. Graminoids made up only 2% and 9% of the pronghorn and mule deer spring diets,

repectively.

Mclnnis and Vavra (1987) observed the smilarity between summer cattle and pronghorn dietsin
southeastern Oregon ranged from 11 to 14%. Summer cattle diets consisted primarily of graminoids (91
to 94%) while summer pronghorn diets were made up of predominately forbs (79 to 80%).

In northeastern Cdlifornia and northwestern Nevada, Hanley and Hanley (1982) reported graminoids
made up 91% of the summer cattle diet. Sheep summer diets contained 68% graminoids, 22% forbs,
and 10% browse. Pronghorn summer diets contained 68% browse and 5% graminoids with the forb
content (27%) being smilar to sheep summer diets. Browse formed 88% of the mule deer summer diet.

Working in southeastern Oregon, Mclnnis and Vavra (1987) noted fall pronghorn diets and fdl cattle
diets overlapped by an average of 12%. Browse was the principa forage group in fal pronghorn diets
while graminoids predominated fal cattle diets.

Hanley and Hanley (1982) reported fdl cattle dietsin northeastern Caifornia and northwestern Nevada
contained 93% graminoids. Fall sheep diets were smilar to spring diets with 47% graminoids, 12%
forbs, and 41% browse occurring in the fall diet. Pronghorn fal diets contained 87% browse, 11% forbs,
and 2% graminoids. Mule deer consumed 92% browse, 4% forbs, and 4% graminoids during the fall.



POTENTIAL FOR COMPETITION BETWEEN LIVESTOCK AND BIG GAME

BACKGROUND: FORMS OF COMPETITION

Compstition, as described by Birch (1957), can occur in two general forms. 1) common use of alimited
resource by individuas of the same or different species; 2) common use of an unlimited resource where
negetive interactions occur between individuas despite the ready availability of the resource. Miller
(1967) referred to the competition for alimited resource as "exploitative competition”. Nelson (1982)
described 2 forms of exploitative competition: 1) "interference competition” where an individua prevents
or hinders the access of another individud to spatialy-related resources such asin territorid defense of
breeding or feeding areas, and 2) "disturbance competition” where passive socid interactions such as
where the presence of one individua within an arealimits or prevents another individua from using that
area. Nelson (1985) and severd other authors provide a good discussion of the different forms of
competition (Smith and Julander 1953, Denniston 1956, Cole 1958, Julander 1958, Schladweiler 1974,
and Mackie 1976).

ELK AND CATTLE
Section Abstract

The highest potertia for competition between ek and cattle occurs on foothill rangelands which are used
by cattle during the fall and used by ek during the winter. The diets of both ungulates overlap
consderably while using these rangelands. However, the patterns of habitat use for cattle and ek are
different in the foothill rangelands. Caitle tend to use the drainage bottoms and the lower dopeswhile ek
are inclined to use the upper dopes and other areas of steep terrain. Consequently, the natural behavior
of these ungulatestypicaly keegps them spatidly separated on these foothill rangdands, thus, minimizing
the potentia for competition. Notably, the use of cattle management techniques (sdting, water
developments, herding, and ect.) to gain amore even didtribution of cattle on fal ranges may, in fact,
increase the competition between ek and cattle if the cattle are moved into habitats previoudy only used
by ek.

Thereis some indication ek may beinclined to avoid areas being grazed by caitle. However, on an area
by area basis, the question of whether the presence of cattlein an area or their impact on the forage base
of the area causes ek to avoid that areais debatable. Certain areas are not used by ek, despite the
presence or absence of cattle, because these areas contain habitats which ek indinctively avoid.
However, research conducted in northeastern Oregon, within dual-use and big game-only pastureswhich
contained Smilar amounts and types of habitat, seemsto indicate the presence of cattle, even a light
stocking rates, can influence ek digtribution. Additionaly, the type of caitle grazing management



system used and the combination between the stocking rate used and the grazing system used can
produce sgnificantly (P<0.05) different effects on dk didribution.

Elk and Cattle: Season of Use Influences on Competition

Skovlin et d. (1968) reported tempora differencesin ek and cattle use on the Starkey Experimental
Forest and Range in northeastern Oregon. Migrating elk used the area primarily in the soring and fall
while cattle grazed there during the summer. Indirect competitive interactions may have occurred if soring
elk use was heavy enough to decrease the summer forage availability for cattle or if summer cattle grazing
limited the amount of forage avallable to ek in thefal.

Miller and Vavra (1982) studied the diets of caitle, elk and mule deer in the foothills of the Wdlowa
mountains in northeastern Oregon. The summer diet of cattle and the winter diets of ek and mule deer dl
contained substantial amounts of 1daho fescue and bearded bluebunch whegtgrass. Although the season
of use on the open south dopes within the study area differed between cattle and big game, these areas
presented considerable potentid for dietary competition between cattle and big game.

Nelson (1982) described two examples of an "unilaterd interaction” between cattle and big game: 1)
where ek use of early spring foothill grassesin centra Washington prior to cettle turn out reduced the
amount of pring forage available to cattle; 2) where the cured bunchgrass forage was consumed by
catle during the fadl on these foathill ranges resulting in a decrease of available forage for ek during the
winter.

In the Elkhorn Mountains of Montana, Stevens (1966) reported that athough elk and cattle both used
the high eevation, Engdmann-dpine fir zone between July and September, the potentid for direct

competition between the two species was low due to differences in their diets during that time of year.
Elk diets consisted of mostly forbs (72%) while cattle diets were primarily made up of grasses (71%).

However, cattle summer diets and ek spring diets were more smilar, with each containing ahigh
percentage of grasses. Elk used the cattle summer range in mid to late spring before the cattle arrived.
Given this Stuation, the potentia for competition gppeared high. However, interspecific competition was
minimized by the substantia regrowth of grassesthat occurred following spring ek use (Stevens 1966).

Miller and Krueger (1976) remarked direct competition between cattle and big game (elk and mule
deer) did not occur on their study areain the foothills of the Walowa Mountains of Oregon. It was
suggested that differences in the season of use; cattle used



the area from mid to late summer and big game in the spring and fdl, probably minimized negative
interspecific interactions.

Stevens (1966) reported ek used the mid devation, Douglas fir zone within his Montana study area
during the spring and fal while cattle used this vegetation zone during the summer and early fdl. The
potentia for intergpecific competition in the Douglas fir zone was greatest in the fal when the grass
content of ek diets increased, becoming more smilar to summer and fal cattle diets. Open parks
gppeared to be the most likely Stesfor potentid conflict. However, the difference in the timing of use of
these areas gpparently limited the amount of competition that occurred.

Steven (1966) aso noted ek used the lower eevation, fescue-wheatgrass zone as winter and spring
range while cattle used this vegetation zone for summer and early fal range. Both ek and cattle diets
contained high percentages of grasses, 74% and 75%, respectively. Four grass species made up a
substantia portion of both ek (48%) and cattle (68%) diets. Despite the high diet amilarity of these two
ungulates, competition did not appear to be serious. Differences in seasona of use patterns between the
two ungulates seemed to limit interspecific competition. Summer cattle use in the fescue-whesatgrass zone
occurred primarily on the lower dopes and in the drainage bottoms where water and shade were more
available while winter and spring use by elk occurred on the ridges and south dopes which were more
likely to be snow-free. Altering cattle distribution to increase the use on ridges and south dopesincrease
the potentia for conflict between ek and cattle in this vegetation zone. Julander and Jeffery (1964)
concluded the steegpness of dopes and distance to water sharply limited the extent to which cattle used a
rangeland. However, ek were only moderately limited by the steepness of dopes and distance to water
and deer exhibited amost no response to these factors (Julander and Jeffery 1964). Consequently, on
rangelands with moderate to high relief it islikely there would be large areas where cattle habitat and
foraging use would only rarely overlgp with that of ek and deer.

Working in the Missouri Breaks of Montana, Mackie (1970) reported that the habitat use of cattle and
elk strongly overlapped during spring and fal but diverged during the summer. Elk and cattle chose
smilar habitat (sagebrush-whestgrass type) during winter but remained spatialy separated from each
other. Winter diets were smilar with western wheetgrass dominating the diets of both ungulates. By late
May, ek and cattle diets had diverged. Late spring and summer ek diets were dominated by forbs while
cattle diets were dominated by graminoids. During early fdl, cattle and ek diets began to converge and
by late fal were "amogt identical”. There was a potentid for acute, direct competition between cattle and
elk during the spring and fdl. However, actua competition was minimized during the fdl by differencesin
habitat use and during the spring by the tendency of ek to make heavy use of early season grasses and
less use of western whegtgrass which



was a preferred grass of cattle. The high mobility of the ek and their low dengtiesin the sudy area dso
minimized interpecific competition.

Sheehy (1987) noticed cattle use of bunchgrass and ponderosa pine-bunchgrass communities within his
study areain northeastern Oregon was highest in June, October, and November. Elk and mule deer use
on the study area was heaviest between February and April with use pesking in March and April.
Interspecific dietary overlgp was highest between fall cattle diets and winter ek diets. These results
indicate a potentia for competition between cattle and ek on ek winter range. Spring ek diets and
summer cattle diets overlapped the least indicating that Soring ek grazing probably did not sgnificantly
effect the carrying capacity of cattle summer range. Diet overlap between mule deer and the 2 other
herbivores never exceeded 51%.

Elk and Cattle: Displacement of Elk

Skovlin et a. (1968) reported on ponderosa pine-bunchgrass summer range in northeastern Oregon, ek
use in pastures where cattle were excluded was sgnificantly higher than on pastures where both big game
and cattle were dlowed to graze. Mackie (1970) noted elk selected areas which had not been utilized by
cattle during the same forage year. Steep terrain and forested areas were used in favor of open ridges
and canyon bottoms where cattle normally grazed.

Working in the Elkhorn Mountains of Montana, Grover and Thompson (1986) reported the choice of
soring feeding Sites by ek was most strongly influenced by 4 of the 12 environmentd factors they
sudied. The influences of previous cattle use, distance for the nearest visible road, bunchgrass density,
and distiance to cover explained 65% of the variability in feeding dte locations.

In the Medicine Bow Nationd Forest near Laramie, Wyoming, Ward et d. (1973) used radio tdlemetry
and direct observation to monitor the interaction between cattle and elk. Elk and cattle were concluded
to be "socidly compatible’ based on numerous instances where cattle and elk were observed foraging in
close proximity (25 to 100 m) of each other.

Elk and Cattle: Stocking Rate Influences on Competition

Skovlin et a. (1968) noted elk exhibited a negative response to increases in cattle stocking rates. EIK use
of pastures moderatdly stocked with cattle (12 ha/A.U.) was sgnificantly lessthan ek use on lightly
stocked (16 ha/A.U.) pastures. However, there was no further sgnificant decreasesin ek use between
heavily stocked (8 ha/A.U.) pastures and moderately stocked pastures.
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Elk and Cattle: Grazing System Influences on Competition

Skovlin et d. (1968) reported ek use on summer range of the Blue Mountains of Oregon was not
sgnificantly different between pastures where the grazing system used was the only varigble dtered.
However, comparison of ek use between pastures under different grazing systems and different stocking
rates did indicate some highly significant responses. Under light caitle stocking, ek use was greatest on
season-long ranges. Cattle tended to graze fewer plants under the season-long system than under the
deferredrotation system. It was suggested ek preferred ungrazed plants and the higher availability of
ungrazed plantsin lightly stocked pastures under the seasontlong grazing system was a reason for higher
elk use in these pastures. Where stocking rates were heavy, elk sdlected for pastures that were being
grazed under a deferredrotation system. Under heavy stocking, cattle on season-long pastures were
inclined to repestedly graze individua plants of certain species. Repested grazing did not occur as often
on heavily stocked, deferred-rotation pastures. Higher forage availability was suggested as the reason for
higher ek use on heavily stocked, deferred-rotation pastures.

Working in pastures of arest-rotation cattle grazing management system in eastcentra Idaho, Yeo et d.
(1993) observed ek tended to avoid pastures where cattle were grazing and gpparently avoided
pastures where cattle had grazed previoudy that season. Elk use in pastures which had been grazed by
cattle tended to be more confined to forested habitats and terrain which was steeper and higher in
elevation thanwas elk use in rested pastures.

Elk and Cattle: Environmenta Factors Influencing Competition

Using fecd group counts of evauate elk-cattle distribution in centra Washington, Stark (1973) reported
dope, canopy coverage, ek sedge cover, and distance from water dl sgnificantly influenced cattle and
ek digribution. Sopes of less than 10% exhibited the highest potentid for elk- cattle competition of any
dope class. The potentia for elk- cattle competition was less influenced by canopy closure than slope.
Areas having full canopy closure exhibited the greatest potential for competition. Increasing ek sedge
cover was sgnificantly related to potentid ek- cattle competition. Although cattle tended to remain closer
to water than elk, the potentia for competition between these ungulates was inversely correlated with
distance to water.

ELK AND SHEEP
Section Abstract

The potential for competition between ek and sheep appearsto be greatest on lands used concurrently
by wintering ek and sheep. The diets of both ungulates contain a congderable amount of graminoids



during the winter. However, throughout much of the West, lands used by ranchers to winter sheep are
generdly lower in eevation than those used by ek as winter range. Consequently, ek and sheep tend to
remain paialy separate throughout most of the winter.

Thereisaso apotentid for ek and sheep to compete on high eevation rangelands, where the summer
diets of elk and sheep both contain a dominance of forbs. However, the period of time when this
competition islikely to occur is rdaively short. Additionaly, competition is minimized by the tendency for
elk to be more sdlective consumers of forbs than are sheep.

Elk and Sheep: Season of Use Influences on Competition

Olsen and Hansen (1977) noted the diets of ek and sheep in the Red Desert of Wyoming overlapped
the grestest (53%) during winter when graminoids and shrubs were common in both diets. However,
foraging ek appeared to concentrate on different species than did foraging sheep. Whestgrasses formed
the bulk of winter ek diets while saltbush was dominate in the winter sheep diets. The potentid for
competition between elk and sheep did not gppear to be severein this study.

On a southcentral Colorado winter range containing primarily shrub steppe and pinyont juniper vegetation
types, MacCracken and Hansen (1981) reported, based feca analyss, the late spring diets of sheep and
elk overlapped by 46%. Graminoids were common in the diets of both ungulates. However, the ranking
of importance of each graminoid species was different between elk and sheep diets. Late oring sheep
diets were dominated by western whesatgrass while ek diets contained smilar anounts of sedges,
fescues, western wheatgrass, and sagebrush during the late spring. They concluded that, despite the
relatively high diet overlap between the two ungulates, ek and sheep did not seem to be competing for a
limited forage resource during the late spring.

On ahigh devation rangeland in northeastern Oregon, Pickford and Reid (1943) noted, during the
summer, ek and sheep tended to forage in the same habitats and their diets appeared to overlap
extensvely. However, the potentid for severe competition between ek and sheep was gpparently limited
by differencesin the diets at the forage species levd. Although, the summer diets of both, elk and sheep
contained primarily forbs, ek tended to consume forb species which were different than those consumed

by sheep.

Stevens (1966) suggested there was potentid for severe competition between ek and sheep in the parks
of the spruce-fir zone. However, the time period when this potentia for conflict existed was quite short.
Because this vegetation zone occurred a high eevation, the resulting delay in phenology of the forage
species dlowed dk to extend their spring, graminoid-dominated diet until mid June. Between mid June
and the end of July, the diets of ek and sheep
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feeding in the parks of the spruce-fir zone contained predominately forbs, 72% and 70% of the di€t,
respectively. However, after the end of July, the forb content in the ek diets decreased while the
graminoid and browse content increased. Sheep diets in the spruce- fir zone continued to be dominated
by forbs until late summer. Consequently, the potential for severe competition between elk and sheep
only exigted from mid- June until the end of July

Elk and Sheep: Displacement of Elk

In Montana, Stevens (1966) reported elk used park habitats in the high eevation spruce-fir zonein the
early summer but moved off to adjacent areas after sheep began using the parks. Shortly, after the sheep
arrived in the parks the ek habitualy moved to higher evation foraging aress, apparently following
phenologica ques from the forage species. In the Gravelly Mountains of Montana, Rouse (1957) aso
observed an apparent displacement of elk by sheep.

MULE DEER AND CATTLE
Section Abstract

Compstition between mule deer and cattle istypicaly not serious. The highest potentia for competition
between these two ungulates occurs during the spring when the diets of both, mule deer and cattle
contain subgtantia quantities of graminoids. On mule deer winter ranges, smilar to those of northeastern
Oregon, where paatable browse is lacking, graminoids form much of the winter mule deer diet. Fl
catle grazing on these winter ranges could significantly reduce the amount of forage available for
wintering mule deer. On degraded rangelands, where the perennia grass component has been
considerably reduced but an ample shrub component remains, spring and fal cattle browsing may
serioudy reduce the amount of browse available to mule deer during the winter and spring. Differencesin
cattle stocking rate do not seem to influence deer distribution between pastures stocked with cattle and
unstocked pastures. However, deer tend to make heavier use of open habitats as the cattle stocking rate
increases. Under heavy stocking rates, mule deer prefer to use the early season pastures of
deferred-rotation cattle grazing systems. Overdl deer use tends to be higher in pastures under a
deferred-rotation system than in pastures under a season-long system. Cattle apparently do not displace
mule deer from large areas such as mountain pastures. However, cattle may cause changesin mule deer
habitat selection. Mule deer appear to prefer forage that has not been previoudy grazed by cattle.
Consequently, mule deer may spend more time foraging in aress that have not been used by cattle.
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Mule Deer and Cattle: Season of Use Influences on Competition

In lodgepole pine-antel ope bitterbrush-western needlegrass communities in south central Oregon, Stuth
and Winward (1977) reported antel ope bitterbrush was the most important summer forage species for
both cattle and mule deer. Cattle and deer use of individual antelope bitterbrush plants overlapped by
25%. Cattle and deer did not directly compete for the current year's growth of antelope bitterbrush until
late summer.

Mackie (1970) noted mule deer and cattle distributions in the Missouri Breaks of Montana substantialy
overlapped. However, habitat and diet sdection differences between the 2 ungulates minimized the
potentia for competition. mule deer diets were dominated by forbs and browse while cattle diets
contained mostly graminoids. Cattle used the more gentle and open terrain and deer salected the more
rugged and forested terrain. Cattle and deer dietary overlap was highest during the early spring in the
sagebrush-wheatgrass type. Sandberg bluegrass was used by both species at that time but competition
was not intensve.

Julander (1958) reported competition between cattle and mule deer was most acute on portions of deer
winter range which cattle grazed in spring and fdl. Cattle tended to increase their use of antelope
bitterbrush in areas which were in depleted range condition as a result of past over-use. Spring and fal
browsing on antelope bitterbrush by cattle decreased the winter forage availability for mule deer.
Julander (1958) suggested "maximum sustained grazing use" on dud-use rangelands requires careful
management of perennid grasses (livestock forage), pdatable shrubs and forbs (mule deer forage), and
forage species which are used by both deer and livestock. Improper management of any of these 3
forage agpects will eventualy lead to comptition.

Mule Deer and Cattle: Stocking Rate Influences on Competition

On adeer summer range in the Blue Mountains of Oregon, Skovlin et d. (1968) noticed no sgnificant
differences in mule deer use between pastures which were lightly stocked (16 hal/A.U.),. moderately
stocked (12 ha/A.U.) or, heavily stocked (8 ha/A.U.) with cattle. However, mule deer use of grasdand
openings tended to increase with increased cattle stocking rates.

Mule Deer and Catle: Grazing System Influences on Competition

Skovlin et d. (1968) reported, under heavy cattle stocking rates, mule deer made twice as much use of
early-grazed pastures as they did of late-grazed pastures under a deferredrotation grazing system. Mule
deer did not exhibit a significant response between the early or late pastures of a deferred-rotation
system under light and moderate stocking rates. Mule deer use of both forested areas and grasdand
openings appeared to be greater (P<0.1) on
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deferred-rotation pastures than on pastures grazed season-long by cattle. As noted above, Skovlin et
al. (1968) found ek preferred the seasonlong grazing sysem in lightly stocked pastures. This
difference in preference exhibited between mule deer and ek was attributed to different seasons of
use.

Under arest-rotation cattle grazing system in eastcentra Idaho, Yeo et d. (1993) observed mule deer
sdectively used pastures where cattle had grazed previoudy that season. Pastures which were being
rested or were occupied by cattle were avoided by mule deer.

Mule Deer and Cattle: Displacement of Mule Deer

In northeastern Oregon, Skovlin et a. (1968) reported mule deer use in pastures where cattle were
excluded was not significantly different than in pastures where big game and cattle were alowed
access. However, deer habitat selection was different (P<0.05) in pastures where cattle were present
than in the pastures where cattle where absent.

Using tame mule deer in Utah, Audtin and Urness (1986) noted during late summer, upon initialy
entering an area (first 20-40 deerdays’ha), mule deer preferred (P<0.05) to feed where the forage had
not been grazed by cattle earlier in the summer. However, after ashort period of occupation in the
area (40-60 deer-days/ha) , mule deer no longer exhibited a sgnificant preference (P>0.05) between
catle-grazed and ungrazed portions of the area.

Mule Deer and Cattle: Effects on Mule Deer Population Potentia

Skovlin and Vavra (197 9) concluded ek could have a negetive effect on mule deer populations on
dua use winter ranges if there was substantial overlap of elk and deer diets and if ek populations were
large enough to remove a critica amount of the highest quaity forages (Skovlin and Vavra 1979). This
stuation would likely be true for mule deer and cattle interactions. If fall cattle grazing on mule deer
winter range decreased the availability of criticd, high quality deer forage species then, under stressful
winter conditions mule might not be able to meet their maintenance requirements.

MULE DEER AND SHEEP

Stuth and Winward (1977) reported antelope bitterbrush was the most important component of sheep
and mule deer summer dietsin the lodgepole pine-antel ope bitterbrush-western needlegrass plant
community of southcentral Oregon. Dua use of individua antelope bitterbrush plants was
approximately 50% between deer and sheep. Sheep tended to utilize antel ope bitterbrush throughout
the summer while mule deer diets did not shift to antelope bitterbrush until mid to late summer.
Consequently, sheep indirectly competed with
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deer for the current year's growth of antelope bitterbrush during early summer and directly competed
with deer during late summer.

BIGHORN AND CATTLE

Hudson et d. (1976) evaduated the effect summer cattle grazing had on bighorn distribution on their study
areain southeastern British Columbia. There was no significant evidence of competition resulting from
summer cattle grazing within bighorn habitat. Kaswvorm, et d. (1984) found a pogtive but nongignificant
correlation between bighorn winter diets and cattle summer diets on bighorn winter range in western
Montana Cattle summer diets contained 84% graminoids, 12% forbs, and 4% browse. The winter diets
of bighorn sheep consisted of 65% graminoids, 12% forbs, and 23% browse. Competition between
cattle and bighorn sheep was not directly discussed. McCollough (1982) reported fecal andyss of
samples from cattle and Rocky Mountain bighorn sheep in southcentra Colorado indicated the summer
diets of cattle and the winter diets of bighorn sheep overlapped by 73%. Although some definite
differencesin habitat use were exhibited between cattle and bighorn sheep, M cCollough (1982)
concluded the diet and habitat overlap between cattle and bighorn sheep was large enough to prevent the
bighorn population from substantially increesing.

Literature dedling directly with bighorn sheep and cattle range rdationships is gpparently quite limited.
However, given the dominance of graminoidsin bighorn fal and winter diets (Honess and Frost 1942,
Smith 1954, Moser 1962, Oldemeyer et d. 1971, Constan 1972, Dailey et al. 1984, Keating et d.
1985) and in cattle summer and fdl diets (Mackie 1970, Skovlin 1976, Hanley and Hanley 1982,
Holechek et al. 19823, 1982b) , -the potentia for competition on bighorn winter range exists. However,
due to differencesin habitat sdection between bighorn sheep and cattle during the spring, summer, and
fdl, it isunlikely that these two ungulates would directly compete for forage.

BIGHORN AND SHEEP

Mogt of the available literature concerning the interactions of bighorn and domestic sheep deds with the
potentia for disease transmisson between the two ungulates. At time of thiswriting, | was unable to
locate any literature reporting the results of awell-designed study dedling with bighorn and sheep range
relations. The negative effects of disease transmission between bighorns and domestic sheep probably
overshadows any potential negative effects resulting from forage competition between the two species.

PRONGHORN AND CATTLE

Y oakum (1975) explained competition between livestock and pronghorn was usudly minima on good
condition rangeland. However, competition increased with deteriorating range condition. Decreases
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in the relaive frequency of graminoids and increases in frequencies forbs and shrubs can result in ashift in
livestock diets to forbs and browse which are the principa forages of pronghorn.

In southeastern Oregon, Mclnnis and Vavra (1987) reported the dietary overlap between pronghorn and
cattle peaked during the spring (25%) and was least during the winter (8%). They suggested there was a
"wide buffer between noncompetitive coexistence and exploitative competition”. Dietary overlap aone
does not condtitute competition (Cowell and Futuyma 1971). Spatia, tempord, and climatic influences
on habitat utilization and forage pecies avallability must be consdered when evad uating competitive
relations (Mclnnisand Vavra 1987).

Stephenson et d. (1985) observed there was a great ded of seasond and yearly variability in
competition potentia between cattle and pronghorn. In north centra New Mexico, competition between
cattle and pronghorn was apparently the highest during the spring. Conversdly, in northeastern Cdlifornia
and northwestern Nevada, Hanley and Hanley (1982) noted there was very little dietary overlap
between cattle and pronghorn during the spring. Vavra and Sneva (1978) found cattle- pronghorn diet
overlap increased during drought. Stephenson et a. (1985) reported, in New Mexico, droughty springs
tended to intengfy the competition between livestock (cattle and sheep) and pronghorn because forage
availability was reduced at atime when the nutritiona demands of lactation were the highest for dl 3
herbivores.

Johnson (1979) observed summer cattle diets and summer and winter pronghorn diets on the cold desert
shrub community of 1daho overlapped by 24% and 15%, respectively. Common winterfat wasthe
forage species with the highest cattle- pronghorn overlap. In the Red Desert of Wyoming, Olson and
Hansen (1977) found little evidence of competition between cattle and pronghorn. The annua
catle-pronghorn dietary overlap was only 8%. Beale and Scotter (1968) suggested cattle and pronghorn
competition in western Utah was unlikely since cattle and pronghorn did not use the same range until
winter when their diets were digtinctly different.

PRONGHORN AND SHEEP

Severson et d. (1968) reported pronghorn and sheep "appeared to be compatible" and evidence of
competition between the two ungulates was not apparent on their study in the Red Desart of Wyoming.
Hanley and Hanley (1982) noted dthough pronghorn and sheep consumed similar amounts of forbs
during the summer, the potentia for dietary competition between the two ungulates was apparently
relatively low in northeastern Cdifornia and northwestern Nevada. In the cold desert shrub habitats of
Idaho, Johnson (1979) observed sheep summer diets and winter and summer pronghorn diets

overlapped
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by 33% and 14%, respectively. Common winterfat was the only species exhibiting a potential for
sheegp- pronghorn competition.

On the Desart Experimental Range, Clary and Bedle (1983) reported winter sheep grazing significantly
(P<0.05) reduced winter pronghorn observations on grazed pastures as compared to pastures where
sheep were excluded. They speculated competition between the two ungulates for black sagebrush
browse was the most likely cause of decreased pronghorn occupation on sheep-grazed pastures. There
was no evidence found indicating the sheep grazing trestment had a carry-over effect on pronghorn
digtribution during the next year. Sheep-induced changes in pronghorn use patterns were limited to the
current year. In Utah, Beale and Scotter (1968) suggested sheep would compete directly with pronghorn
for black sagebrush browse if both ungulates were using the same range during winter.

IMPACTSOF LIVESTOCK ON BIG GAME FORAGE AND COVER SPECIES
FORAGE
Section Abstract

Forage speciesin forested areas appear to be more sengtive to the use of different livestock grazing
systems and stocking rates. Forage production by speciesin forested areas tends to be higher under
deferred-rotation grazing systems than under season-long grazing systems. The species diversity of forest
graminoids increases under light stocking rates but decreases under moderate and heavy stocking rates.
Long-term livestock grazing can shift the species composition of a rangeland towards those species that
are less palatable to livestock and more grazing and trampling tolerant.

Northeastern Oregon

As part of the results of an 11 year study, Skovlin et a. (1976) reported the graminoids on grasdand
range in northeastern Oregon generally increased in production under light (4 halAUM), moderate (3
ha/AUM), and heavy (2 halAUM) stocking rates. However, the changesin grass production were not
datigticaly significant (P>0.05) for any of the stocking rate treetments. Forbs on grasdand range
generdly increased under heavy stocking. Forbs of low paatability such aslow gumweed and rush
pussytoes decreased under light cattle stocking but increased under heavy stocking. Palatable forbs such
as balsamroot and biscuitroot declined under heavy stocking.

On forested range dominated by a ponderosa pine overstory, differencesin cattle stocking rates resulted
in highly sgnificant (P<O. 01) differences in graminoid production. Herbage production of elk sedge
significantly declined by 1/6, 1/3, and 1/2 under light, moderate, and heavy stocking rates, respectively.
Sonificant
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(P<0.05) changes dso occurred in the species composition on forested range under different stocking
rates. The number of graminoid species increased by 10% under light stocking but decreased by 20%
and 30% under moderate and heavy stocking, respectively. The response of forest forbs to stocking rate
was variable and forest shrubs did not exhibit any definite reponses to changes in stocking rate (Skovlin
et a. 1976).

On grasdand ranges, neither the individua species or the forage groups responded significantly to the
differencesin grazing management between the season-long system and the deferred rotation system. On
forested ranges, the production of graminoids decreased significantly (P<0.05) under the seasortlong
system as compared to the deferred rotation system. Elk sedge production was much less (P<0.05)
under the season-long system. The more pronounced response to changes in grazing systems and
stocking levels observed in the forest understory species as compared to the speciesin the grasdand
openings was gpparently due to the natura forest crown closure that placed added stress on the
understory species (Skovlin et a. 1976).

Although limitations in experimenta design prohibited statistical comparisons between dua-use ranges
(cattle and big game) and big game-only ranges, Skovlin et d. (1976) reported on grasdands the
production of some of the grass species appeared to increase a a higher rate on dual-use ranges under
light and moderate cattle stocking than on big game-only ranges.

Southcentral Washington

Rickard et al. (1975) reported spring cattle grazing within sagebrush- bunchgrass communitiesin
southeentral Washington resulted in a pronounced reduction in the vigor of Cusick bluegrass, while
bearded bluebunch whestgrass and Sandberg bluegrass were not acutely affected by spring grazing.
However, severd studies (Stoddart 1946, Blaisdel and Pechanec 1949, Wilson et. d. 1966, Mueggler
1972) have found spring defoliation of bearded bluebunch wheatgrass can be detrimental and may have
longterm effects (Mueggler 1975) on plant vigor.

Other Areas of the West

In the Elkhorn Mountains of Montana, Stevens (1966) noted forage utilization by cattle and elk was not
heavy on mogt of his study area, however, certain areas did receive concentrated use by both species.
He suggested long-term, heavy use in these areas by cattle increased the forb content in the available
forage. EIk were then attracted to these areas because of the higher forb availability. An explanation of
why the cattle were attracted to these areas was not given.
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Bowns and Bagley (1986) compared a high-elevation shegp summer range in southwestern Utah to an
adjacent reference area that had been only lightly grazed by cattle and horses and was in near potentid.
condition. Grasses dominated the shegp summer range with alimited number of unpaatable forbs species
aso occurring. In the adjacent reference area 88% of the plant species were forbs and only 4% were
grasses. The species diversity was much higher on the reference areawhich contained 33 plant species
while the sheep range contained only 18 plant species. Herbage production on the reference areawas
190% greater (P<0.05) than on the sheep range. The production of desirable forage speciesin the
reference area exceeded tota plant production on the sheep summer range.

Studying vegetative differences ingde and outside of big game/cattle and cattle exclosuresin
northwestern Wyoming, Jones (1965) categorized the grazing responses of 18 principa forage species:
1) Prairie junegrass and Hoods phlox appeared to be decreasers on cattle range and ek range; 2) Idaho
fescue and Richardson geranium appeared to be decreasers on cattle range but remained static on ek
range; 3) tapertip hawksbeard was a sgnificant (P<0.05) decreaser on ek range but was unchanged on
cattle range; 4) gray rabbitbrush was a significant decreaser (P<0.05) and American vetch appeared to
be a decreaser on elk range but these 2 species were not evaluated on cattle range; 5) rose pussytoes
increased significantly (P<0.05) and needleandthread grass, ba dhead sandwort, and fleabane appeared
to be increasers under elk grazing but dl 4 species maintained their status on cattle range; 6) notably,
only needldleaf sedge gppeared to increase under cattle grazing while remaining static on ek range; and
7) fringed sagebrush gppeared to be a decreaser on ek range but increased under cattle grazing (Jones
1965). These data were reported as a technica note publication and were based on alimited sample
size. Consequently, caution should be taken when gpplying these results to land management situations.

COVER

In hisreview of the impacts of riparian grazing, Skovlin (1984) found livestock and wildlife browsing can
serioudy impact riparian trees and shrubs (McKel et d. 1972, Glinski 1977) but, has less impact than on
upland shrubs (Y oung and Payne 1948, Garrison 1953, Willard and McKell 1978). Heavy use can
prevent successful regeneration in browse species (Glinski 1977, Behnke 1978, Crouch 1978).
However, Vogler (1978) found light grazing can actudly enhance the vigor of many riparian shrubs.
Earlier sudies report smilar findings for light grazing influences on avariety of riparian species (Aldous
1952, Ellison 1960, Jamison 1964).

Working in the Serra Nevada Mountains of Cdifornia, Loft et d. (1987) found mule deer hiding cover
was sgnificantly reduced by moderate and heavy cattle grazing treatments. Quiaking aspen hiding cover
of lessthan 1 min height was sgnificantly (P<0.01)



impacted by cattle early in the grazing season while the quaking aspen was il actively growing. Therate
at which quaking aspen hiding cover declined tended to dow down during the late season. Heavy céttle
grazing caused a sgnificant (P<0.05) decrease in willow hiding cover of greater than or equa to 1.5 min
height as compared with the willow cover in the moderately grazed and ungrazed pastures. Cattle grazing
prior to mid summer at stocking rates of lessthan or equa to 0.7 AUM/ha had scarcely more impact on
hiding cover than did naturd wegthering. Stocking rates of greater than 1.3 AUM/haresulted in a greater
than 50% reduction in available hiding cover for the cover species studied. Under moderate and heavy
cattle stocking, deer browsing on willow was sgnificantly (P<0.05) higher than in pastures which were
not grazed by cattle (Loft et a. 1987). It should be noted this study was conducted under a
pseudoreplicated design and caution should be taken when interpreting these results.

IMPACTSOF BIG GAME ON VEGETATION
Northeastern Oregon

Pickford and Reid (1943) concluded, due to the high degree of dietary overlap between sheep and ek
on a degraded northeastern Oregon rangeland and the increasing ek population in the area at that time,
even excluson of sheep grazing would not alow the range to recover from its degraded state unless ek
use was curtailed.

Edgerton (1987) reported, after 11 years of big game exclusion, plots within a clearcut grand fir
community in northeast Oregon exhibited a 400% increase in shrub cover while the shrub cover
remained relatively datic in adjacent, unprotected areas which had been subjected to big game use only.
Within these same protected plots grass cover did not change significantly but outside the exclosure grass
cover increased by 400%.

Based on studies by Korfhage et d. (1980), Edgerton (1987), and ongoing experiments (Irwin et dl.
1994), Irwin et d. (1994) suggested sdlective grazing by wild ungulates, especidly ek, has dtered the
plant compogtion of the Blue Mountains of Oregon away from shrub dominance. The observed declines
in caf production in the Blue Mountains could be a negative feedback response to big game-induced
declinesin the quaity of summer range (Irwin et d. 1994).

Bob Marshal Wilderness Area, Montana

In the Bob Marshal Wilderness Area of Montana, Gaffney (1941) described the impact elk had on
certain winter range grass and, browse species. Trampling and heavy grazing of new spring grass growth
by ek was quite detrimenta to stands of certain grass species. Previoudy vigorous stands of rough
fescue were described
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as having been grazed to "amost complete destruction™ by elk. Damage to stands of Idaho fescue and
bearded bluebunch wheatgrass by grazing ek was aso reported.

Elk use on willows varied greetly from areato area. Willows on some portions of the winter range
received dmost no use while willowsin other areas suffered 75% mortdity due to heavy browsing. In
some cases, high willow mortaity may have been caused by a combination of winter and summer
browsing by ek. However, as evidenced by willow growth inside and outside of ek exclosures, once
browsing was excluded willows tended to regain vigor rapidly (Gaffney 1941).

Juvenile quaking aspen in some portions of the sudy area suffered 50% mortdity due to overbrowsing

by elk. Mature quaking aspen on these sites had been browsed by elk up to 2.5-3.0 min height. In one
area, quaking aspen trees up to 18 cm in diameter were girdied and killed by ek feeding on the bark. An
estimated 90% of the quaking aspen near the girdled, dead trees were damaged by bark chewing. Unlike
willows, quaking aspen tended to be dower in regaining vigor once browsing was excluded (Gaffney
1941).

Black cottonwood was less widely distributed on the study area than willows or quaking aspen.
However, dmogt dl the available juvenile black cottonwoodsin the area under 2 metersin height were
damaged by ek browsing. Most of the damaged juvenile black cottonwoods were deformed, taking on
a hedged appearance, rather than being killed. The lower limbs of mature black cottonwoods that were
within reach of elk were heavily browsed but, due to their height and thick bark, mature black
cottonwoods were not severely damaged by elk. However, any mature black cottonwood that was
felled by beaver was rapidly stripped of paatable browse (Gaffney 1941).

Rocky Mountain maple, western chokecherry, and serviceberry were common throughout the study area
before overbrowsing of certain portions of the winter range took itstoll. All 3 species were highly
paatable and received similar amounts of heavy browsing. In this area of Montana, these 3 species rardly
grow to a height that would put their terminal leaders out of reach of browsing elk. Consequently, these
species were browsed by ek until their hedged structure prevented access to live stems, browse
production was minimized, or the plants were killed (Gaffney 1941).

The level of browsing use on ponderosa pine, Douglas fir, and lodgepole pine on the study areawas
smilar, indicating asmilar degree of preference. However, because lodgepole pine was often present in
large, young stands and because the lower branches of mature lodgepol e were often low enough to be
available to ek, lodgepole pine provided the largest amount of elk browse of the 3 conifer species.
Heavy dk use limited or severely damaged conifer reproduction in some portions of the study area
(Gaffney 1941).
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Y dlowstone Nationa Park

In Y dlowstone Nationa Park, prior to 1968, much of the vegetation on the northern winter range had
been serioudy damaged by an excessvely large ek population which had formed in the late 1800s and
early 1900s after ek hunting had been banned in the park. Recognizing the problem, Nationa Park
Service personnd, between 1910 and 1967, periodicaly harvested or live-trapped and trand ocated elk
in an effort- to reduce the number of ek in the park. However, by 1968, public outcry concerning the
"daughter of Ydlowstone ek" forced the Nation Park Service to re-evauate their elk population control
policy. Eventudly, the concept of "natura regulation” of ek within Y dlowstone Nation Park was adapted
by the Nationa Park Service (Kay 1990).

The principle hypothesis behind the natura regulation concept was that "vegetationungulate equilibria
appropriate to the park™ could be reached without using human harvest to control ungulate numbers
within the park (Houston 1982:2). Specific hypotheses about the natural regulation concept within the
northern range of the park suggested: 1) where an ungulate population is "resource-limited”, intraspecific
competition will function in a dengty-dependent manner to limit the population size (Houston 1982:67) ;
2) the northern range of the park functions as an ecologicaly complete habitat; 3) large numbers of ek
have wintered on the northern range of the park for 8 to 10,000 years; 4) Co-evolution has occurred
between the large numbers of ek, the vegetation, and the other ungulates on the northern range and these
three factors have been operating in equilibrium for thousands of years, and 5) any changesin the species
composition of the vegetation on the northern range that have occurred since Y elowstone Nation Park
was established (1872) are the result of fire suppression or climatic change and are not the result of
grazing by large numbers of ungulates (Houston 1972, Kay 1990)

After critical examination and testing of the natura regulation concept for the northern Y dlowstone ek
herd (see Kay 1990) and.areview of the literature dealing with ungulate impacts on vegetation in other
areas of the West, Kay (1994) concluded: 1) riparian shrub and tree species can be extirpated by
concentrations of native ungulates; 2) native ungulates dter the Structure of woody riparian vegetation; 3)
heavy use by native ungulates can ater the pecies compaosition of riparian communities; and 4) naive
ungulates can have severe negative effects on riparian vegetation in both, winter and summer ranges.

Rocky Mountain Nationa Park

In 1968, as part of the naturd regulation policy of the Nationa Park Service, human control of the
number of ek within Rocky Mountain Nationa Park was diminated and the ek population was dlowed
to increase toward ecological carrying capacity (Stevens 1980). Stevens (1980) reported how the
vegetation of the park was



affected by theincreasing ek population. Three upland habitat types on the low eevation winter range
were examined. Within the bitterbrus/mountain muhly type, the cover of the dominate plant species
remained relatively stable under the influence of the growing ek population. Sagebrush cover in the
sagebrush habitat type sgnificantly (P<0.05) decreased with increasing ek numbers. Elk use affected the
grasdand habitat type less than the other two low devation upland habitat types. In generd, the low
elevation upland vegetation and the populations of elk and other native ungulates appeared to be
approaching an equilibrium without untolerable range deterioration (Stevens 1980).

In the low devation bottom or riparian areas, the willow habitat type, exhibited afarly consgstent but
nonsignificant (P>0.05) decrease in willow cover following winter ek browsing. On optima Sites,
willows gppeared to be tolerant of ek browsing but willows on margind stes were prevented from
reproducing by even moderate levels of ek use. Browsng of willows on margind stes by dk was
suggested to increase the rate of succession on these sites towards a grass/sedge meadow (Stevens
1980).

Within the low eevation aspen habitat type, the dendity of aspen trees remained Statisticaly stable
despite the influences of the growing elk population. However, on sSites where aspen were serd species
ek browsing may have functioned to accelerate successon as in willow. On sites where aspen were
gable or climax species ek browsing may have substantidly atered the direction of successon (Stevens
1980).

No sgnificant changes occurred within the habitat types of the dpine tundrawinter range or the

subal pine summer range. However, the willow habitat typesin both the apine tundrawinter range and
suba pine summer range appeared to be the most susceptible habitat types to losses in cover in response
to increasing ek use (Stevens 1980).

IMPACTSOF BIG GAME ON PRIVATE PROPERTY

Vavra (1980) provided atable of the results of an Oregon Cattlemen's Association elk and deer damage
survey conducted on the landowners within 21 Oregon counties. In four northeastern Oregon counties,
Wadlowa, Umatilla, Baker, and Union, the annua cost of elk and deer damage to livestock grazing lands
was 421,998 and 217,993 dollars, respectively. He suggested an important big game damage cost to
livestock owners occurred when spring big game use postponed the range readiness of pring livestock
range delaying the turn-on date and increasing the hay feeding costs incurred by the livestock owner.
Increased labor and materia costs associated with big game damage to fences and physicd structures
was aso important.
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Big game damage to grain crops within the 4 Oregon counties mentioned above totaled 129,832 dollars
annudly. Hay crop damage totalled 146,832 dollars annualy in those 4 counties (Vavra 1980).

Carpenter (1989) discussed the lighility incurred by Colorado Divison of Wildlife as aresult of big game
damage to hay crops and storage, seeded range, and seasonally deferred livestock forage in private lands.
Cdculation of big game damage to private property is a complex issue in which such factors as: big game
species, current and historical population sizes, anima unit equivaencies, diet overlgp, duration and
season of overlap, and dollar vaue of the property damaged must be taken into account.

Using economic data. from 1983, Carter and Radtke (1986) compared the amount of revenue that could
potentialy have been generated in Baker County, Oregon by forage used in the production of cattle, ek,
and deer. They reported each AUM of forage utilized by cattle could have produced $13.71 of loca
persond income. Each AUM of forage utilized by ek could have produced $7.11 to $10.67 of loca
persond income depending on the nutritiona requirement assumption used. Each AUM of forage utilized
by deer could have produced $7.36 to $12.22 of local persona income.

On astate-wide basi's, each AUM of forage utilized by cattle in Baker County could have produced
$17.52 of state-wide persona incomein 1983. Each AUM of forage utilized by ek could have produced
$29.46 to $44.20 of state-wide persona income. Each AUM consumed by deer in Baker County had
the potentia to produce $30.48 to $50.80 of state-wide persond income (Carter and Radtke 1986).

It appeared the production of cattle was more lucrative than the production of elk or deer for the Baker
County economy and the reverse was gpparently true for the state-wide economy. However, these results
can eadly be misnterpreted if certain factors are not consdered. Those people who bore most of the
costs of ek and deer production were not the same people who received most of the benefits of ek and
deer production. Livestock operators and their supporting businesses in Baker County lost persona
income due to big game damage while businesses throughout the state who provided goods and services
to hunters received gainsin income (Carter and Radtke 1986).

POTENTIAL FOR COMPLEMENTARY RELATIONSHIP BETWEEN LIVESTOCK AND
BIG GAME

CONDITIONING OF LIVESTOCK FORAGE BY BIG GAME

Stoddart et d. (1975) suggested winter ek grazing potentidly can prevent wolfinessin forage species by
remova of standing litter thus providing better forage avalability for summer livestock and big game use.
Elk use of shrub species during the winter may



82

regulate or limit the encroachment of these species into grasdands used by livestock during the summer
(Nelson 1982).

CONDITIONING OF BIG GAME FORAGE AND COVER BY LIVESTOCK

Urness (1990) cites severa sources which indicated that attempting to increase winter big-game forage by
terminating summer livestock grazing was ineffective or actualy reduced big game carrying capacity (U.S.
Forest Service 1970, Salwasser 1976, Leckenby et al. 1982, Neal 1982).

Urness (1990) reviewed severd studies conducted on the Hardware Ranch in northern Utah, which
reported cattle (Smith and Dodll 1968), horse (Reiner and Urness 1982), and sheep (Jensen et d. 1972)
grazing reduced the herbaceous competition alowing decadent shrubs which were important big game
browse species to regain vigor. Smith et d. (1979) and Fulgham, et d. (1982), dso working on the
Hardware Ranch found sheep grazing made herbaceous forage more available to wintering mule deer.

SPRING CONDITIONING

Anderson and Scherzinger (1975) discussed a case history of the livestock grazing management and
winter elk population on the Bridge Creek Wildlife Management Areain northeastern Oregon. Prior to its
edtablishment in 1961, the land making up the Bridge Creek Wildlife Management Area (BCWMA), was
grazed by cattle without a definite management plan. Livestock grazing was diminated when the
BCWMA was established. The number of ek wintering on BCWMA initidly increased from
approximately 120 to 320 head following the imination of livestock grazing. However, after 3 years,
winter elk numbers began to decline. Anderson and Scherzinger (1975) suggested winter ek use declined
because the availability of quality forage on the BCWMA began to steadily decrease just 2 years after the
elimination of livestock grazing. Apparently, sanding dead materid began to accumulate in the ungrazed
perennid bunchgrasses, hence, limiting the availability of paatable forage for wintering elk.

To hdp dleviae the forage availability problem and its effect on ek use, aredt-rotationa cattle grazing
system was ingtituted under which the pastures grazed early in the season during the boot to seed
formation phenologica stages for 2 consecutive years and then rested for 1 year. Under this grazing
system winter elk numbers increased to 1,190 (Anderson and Scherzinger 1975). Anderson and
Scherzinger (1975) speculated the large and rapid increase in wintering ek numbers was due not only to
elk being attracted to the BCWMA because of the reduction of "wolf” plants as aresult of cattle grazing
but aso because the forage quality of the bunchgrass plants was enhanced by late spring-early summer
cattle grazing. Apparently, the winter range forage quaity was increased if cattle were dlowed to graze in
the early season and



then removed while there was gill enough of the growing season Ieft that the plants could regrow a
substantia amount before temperature and soil moisture conditions forced the plants into dormancy,
hdting the trand ocation of plant carbohydrates from the vegetative portions to the roots.

Anderson and Scherzinger (1975) stressed 3 grazing management requirements were critical for
successfully manipulating quaity and availability of winter ek forage on bunchgrass-dominated winter
ranges smilar to the BCWMA. Firgt, grazing of the bunchgrass plants must be closely monitored so
defoliation of the plants occurs between the boot and seed formation stage of phenology. Second,
climatic and soil moisture conditions must dso be closdy monitored so grazing is halted at a point when
enough growing season remains the plants can put on sufficient regrowth to meet the forage quantity
needs of wintering elk. Findly, trested pastures should be rested every third or fourth year to prevent
subgtantia reductionsin forage plant vigor.

On a bunchgrass-dominated elk winter range in southeastern Washington, Skovlin et d. (1983) used
pellet group count methodology to evaluate winter elk use of plots grazed by cattle from mid April to
early June. The spring cattle grazing trestment had no sgnificant effect on winter ek use when averaged
over the 3 winters of the study. However, ek use was significantly (P<0.01) less on the grazed plots as
compared to the ungrazed plots during the second winter of the study.

In mixed shrub-forb communities in northern Utah, Smith et d (1979) reported early winter diets of mule
deer feeding in pastures that had been grazed by sheep during the previous spring contained more
grasses, forbs, and low-growing shrubs than the early winter diets of mule deer feeding in an adjacent
pasture with smilar species composition and density and where only deer had been alowed access.
Smith et d. (1979) referred to the findings of McLean and Willms (1977) when speculating that the
increased herbaceous compostion of early winter mule deer diets in the sheep grazed pasture was the
result of agrazing-induced reduction in standing dead herbaceous materia which alowed mule deer
better access to more palatable herbaceous materid. Comparison of the nutritiona quaity of the early
winter deer diets in the sheepdeer and deer-only pastures indicated crude protein was an average of 2%
higher in the deer-only pasture while digestible energy and invitro digestibility were not sgnificantly
different between the pastures. Smith et d. (1979) suggested an important consequence of the increased
use of herbaceous forage in the sheegp-deer pasture was the availability of unbrowsed, current year's
growth on palatable shrubs such as antelope bitterbrush which was extended later into the winter.

The late winter mule deer diet composition was smilar between the sheep-deer and the deer-only
pastures. However, the crude protein,



digestible energy, and invitro digedtibility of deer feeding in the sheep-deer pasture during late winter was
somewhat higher than in the diets of deer feeding in the deer-only pasture. Smith et d. (1979) suggested
the qudity of the deer dietsin the sheep-deer pasture were higher than in the deer-only pasture because
deer in the sheep-deer pasture deferred use on the current year's growth of the more paatable, nutritious
shrubs until late winter while deer in the deer only pasture consumed much of the available shrub current
year's growth during early winter and were using less nutritious forage during late winter.

Smith et a. (1979) used tame deer which, admittedly, were not acclimated to the study area prior to data
collection. Additiondly, the experimenta design of this study lacked replication of the trestment and
control plots. Consequently, application of these reported results is limited and should be considered
cautioudy, especidly, if these results are to be used as part of a knowledge base for making land
management decisons.

SUMMER CONDITIONING

On the Hardware Ranch in northern Utah, Reiner and Urness (1982) reported summer horse grazing
benefited the production of paatable browse on mule deer winter range. Under moderate and heavy
stocking rates, horses consumed primarily grasses with some forbs showing up in the diet during the later
portion of the grazing period under a heavy stocking treatment. Antelope bitterbrush was not browsed by
horses even under heavy stocking. Antelope bitterbrush browse production increased significantly
(P<0.05) under heavy horse stocking as compared to unstocked pastures.

Austin and Urness (1983) concluded green regrowth of crested wheatgrass produced following spring
and summer cattle grazing provided a vauable forage source for wintering mule deer on awinter rangein
northern Utah.

Austin and Urness (1986) studied the influence summer cattle grazing had on tame mule diet and habitat
seection in the Shegprock Mountains of Utah. Late summer mule deer diets contained significantly more
(P<0.05) forbsin enclosures where cattle had not grazed. Succulent grasses and browse dominated the
late summer diets of mule deer in the cattle-grazed enclosures. Crude protein gppeared to be consstently
higher in the diets of mule deer foraging in the cattle- grazed enclosures. Invitro dry metter digestibility
was dmilar in the diets of deer in the ungrazed and grazed enclosures.

In the Elkhorn Mountains of Montana, Dragt and Havstad (1987) reported summer cettle grazing under
adeferred- rotation grazing management system was not detrimenta to the quality of winter ek forage.
Neither bearded bluebunch wheatgrass or rough fescue exhibited a sgnificant (P<0.05) winter forage

quality response



relative to the phenologica stage in which it was grazed during the summer. Although the overal winter
forage quality of Idaho fescue was not significantly altered by summer cattle grazing, there were
significant (P<0.05) decreases in neutra, detergent fiber (NDF) and acid detergent fiber (ADF)
percentages in plants that were grazed during the seed shatter stage as compared to plants that were
grazed during the boot and vegetative stage of phenology. It was concluded the quantity rather than the
qudity of winter ek forage was more criticaly related to summer cattle grazing management.

Riggs et d. (1990) investigated the responses of wintering mule deer to goat browsing treatments of
Gambel oak-dominated communities in northern Utah. Intensive goat browsing during the summer
reduced the availability of gambel oak and other deciduous browse while increasing the herbage
production in the understory. In Situations where snow prevented use of understory species, mule deer in
goat- browsed pastures consumed significantly more Wyoming big sagebrush and green rabbitbrush and
less Gambel oak and antel ope bitterbrush -than mule deer in control pastures. In the absence of snow,
mule deer diets in the trestment and control pastures did not differ sgnificantly. Mule dietsin both the
treatment and control plots contained substantiad amounts of herbaceous species.

During the spring, Grover and Thompson (1986) reported elk in the Elkhorn Mountains of Montana
preferred to feed in areas previoudy grazed by cattle. These findings appear to support Willms and

McL ean (1978) who suggested cattle grazing removed the less pa atable old growth from spring forage
plants making the succulent new growth more available to wild ungulates. Grover and Thomjpson (1986)
stressed manipulation of cattle grazing to improve the qudity of soring ek forage should take into
account the effect this manipulaion would have on the forage supply of wintering ek.

FALL CONDITIONING

Jourdonnais and Bedunah (1990) used fal cattle grazing to enhance the quality and availability of winter
elk forage on arough fescue dominated winter range in the Sun River Wildlife Management Ares,
Montana. Winter ek use on rough fescue and Idaho fescue in the cattle grazed plots was higher
(P<0.10) than on ungrazed plots.

Laycock (1967) studied the differences in sagebrush and vegetative response between spring and fall
sheep grazing on the Upper Snake River Plains of 1daho. Spring grazing caused further degeneration on
range dready in poor condition. Onrange initidly in good condition, spring grazing caused three-tip
sagebrush cover to increase significantly (P<0.01) and the production of understory plants to decrease
sgnificantly (P<0.01) . Spring grazing aso tended to increase the percentage of unpaatable and
undesirable species in herbaceous species composition. On degraded range, fdl



grazing appeared to reduce the sagebrush cover and increase the total production of the remaining,
desirable grasses and forbs. On good condition range, under 39 years of fal grazing, the range condition
was maintained. Notably, total production of grasses and forbs increased significantly (P<0.05) under
long-term fdll grazing as compared to the production within an adjacent exclosure which contained range
which was in good condition at the time the exclosure was built. He advocated fal grazing could be used
to improve and maintain the condition of smilar ranges for the benefit of livestock production. These
results so may have gpplication for improving the condition of degraded ek winter range.

Working in big sagebrush-bunchgrass, and Douglas fir- bunchgrass communities of southern British
Columbia, Willms et d. (1981) reported during late winter and spring mule deer preferred (P<O. 05)
bearded bluebunch wheatgrass plants which had been grazed by cattle during the previous fall over
plants that were not grazed by cattle.
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APPENDIX A

Common and Scientific Names!
Common name Scientific name

MAMMALS

Bighorn sheep, Cdifornia
Bighorn sheep, Rocky Mountain
Cow, domestic

Elk, Rocky Mountain

Horse

Mule deer, Rocky Mountain
Pronghorn

Sheep, domestic

GRAMINOIDS
Bluegrass
Bluegrass, Cusick
Bluegrass, Kentucky
Bluegrass, Leiburg
Bluegrass, Sandberg
Brome

Brome, mountain
Brome, cheatgrass
Danthonia

Fescue

Fescue, Idaho
Fescue, rough
Fescue, sheep
Hairgrass, tuffed
Junegrass, prairie
Muttongrass
Needleandthread
Needlegrass
Needlegrass, subapine
Needlegrass, western
Orchard grass
Ricegrass, Indian
Ricegrass, little
Rush, Bdtic

Rye, winter
Pinegrass

Sedge

! Mammd scientific names follow Chapman and Feldhammer (1982); Plant scientific names follow Hitchoock
and Cronquist (1973) and Garrison et d. (1976)

Ovis canadensis californiana
Ovis canadensis canadensis
Bos taurus

Cervus elaphus nel soni
Equus caballus

Odocoileus hemionus hemionus
Antilocapra americana
Ovisaries

PLANTS

Poa spp.

Poa cusickii

Poa pratensis

Poa leiburgii

Poa secunda.

Bromus spp.

Bromus marginatus

Bromus tectorum

Danthonia spp.

Festuca spp.

Festuca idahoensis

Festuca scabrella

Festuca ovina

Deschampsia caespitosa

Koelaria cristata

Poa fendleriana

Stipa comata

Stipa spp.

Stipa columbiana

Sipa occidentalis

Dactylis glomerata
Oryzopsis hymenoides

Oryzopsis exigua

Juncus balticus

Secale cereale

Calamagrostis rubescens

Carex spp.



Sedge, ek

Squirrdtail, bottlebrush
Timothy

Wheat

Wheatgrass

Whestgrass, bluebunch, bearded

Wheatgrass, crested
Wheatgrass, western
Wildrye, giant

FORBS

Agoseis, pae
Alfdfa

Arnica, heartleaf
Aster

Avens, dpine
Balsamroot
Balsamroot, arrowleaf
Balsamroot, Hooker
Biscuitroot
Buckwheat

Camas, common
Cinquefail

Cinquefoil, Newberry
Clover

Daggerpod
Dandelion, common
Fal sebugbane, Oregon
Fleabane

Geranium

Geranium, Richardson
Geranium, sticky
Globemdlow, Munro
Gumweed, low
Hawkweed
Hawksbeard, tapertip
Knotweed

Kobresa

Lettuce, prickly
Ligusticum, Gray
Lupine

Lupine, broadleaf
Marshmarigold, ekdip
Milkvetch
Monkshood, Columbia
onion, Kellogg
Penstemon
Penstemon, littleflower
Phlox

Phlox, Hoods

Phlox, longleaf
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Carex geyeri

Stanion hystrix
Phleum pratense
Trisetum spp.
Agropyron spp.
Agropyron spicatum
Agropyron desertorum
Agropyron smithii
Elymus cinereus

Agoseris glauca
Medicago sativa
Arnica cordifolia
Aster spp.
Geumrossii

Balsamor hiza spp.
Balsamorhiza sagittata
Balsamor hiza hookeri
Lomatium spp.
Eriogonum spp.
Camassia quamash
Potentilla spp.
Potentilla newberryi
Trifolium spp.

Phoenicaulis cheiranthoides

Taraxicum officinale
Trautvetteria grandis
Erigeron spp.
Geranium spp.
Geranium richardsonii
Geranium viscosissimum
Sphaeral cea munroana
Grindelia nana
Hieracium chapacanum
Crepis acuminata
Polygonum spp.
Kobresia myosuroides
Lactuca serriola
Ligusticum grayi
Lupinus spp.

Lupinus latifolia
Caltha. leptosepala
Astragalus spp.
Aconitum columbianum
Allium anceps
Penstemon spp.
Penstemon procerus
Phlox spp.

Phlox hoodii

Phlox longifolia



Pussytoes

Pussytoes, rose
Pussytoes, rush
Sagebrush, Louisana
Sdsfy, yelow
Sandwort, ballhead
Strawberry
Sunflower, common
Thidle

Trail plant, American
Vetch, American

Y arrow, western

SHRUBS

Blueberry

Bitterbrush, antelope
Ceanothus, redstem.
Ceanothus, snowbrush
Currant, wax

Grape, Oregon
Greasewood
Hawthorne

Heather

Mahogany, mountain
Mahogany, mountain, curllesf
Mahogany, mountain, true
Ninebark, malow
Oceanspray
Pachistma, Myrtle
Rabbitbrush, gray
Rockspirea, bush
Rose

Rose, Woods
Sagebrush

Sagebrush, black
Sagebrush, big
Sagebrush, big, basin

Sagebrush, big, Wyoming

Sagebrush, bud
Sagebrush, fringed
Sagebrush, low
Sagebrush, silver
Sagebrush, threetip
Serviceberry
Serviceberry, Utah
Snowberry, common
Snowberry, mountain
Spirea

Sumac
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Antennaria spp.
Antennaria rosea
Antennaria luzul oides
Artemisia ludoviciana
Tragopogon dubius
Arenaria congesta
Fragaria glauca
Helianthus annuus
Cirsium spp.
Adenocaulon bicolor
Vicia americana
Achillea millefolium

Vaccinium spp.
Purshia tridentata
Ceanothus sanguineus
Ceanothus velutinus
Ribes cereum

Berberis ssp.
Sarcobatus spp.
Crataequs spp.

Calhuna spp.
Cerocarpus spp.
Cercocarpus ledifolius
Cercocar pus montanus
Physocar pus malvaceus
Holodiscus discolor
Pachistma myrsinites
Chrysothamnus nauseosus
Holodiscus dumosus
Rosa spp.

Rosa woodsii
Artemisia spp.
Artemisia nova
Artemisia tridentata spp.
Artemisia tridentata
tridentata
Artemisia tridentata
wyomingensis
Artemisia spinescens
Artemisia frigida
Artemisia arbuscula
Artemisia cana
Artemisia tripartita
Amelanchier spp.
Amelanchier utahensis
Symphoriocaipus albus
Symphoriocarpus oreophilus
Spiraea betulifolia lucida
Rhus spp.



Sumac, skunkbrush
Winterfat, common

TREES

Aspen, quaking
Cherry

Chokecherry, common
Chokecherry, western

Cottonwood, black
Hr

Fir, Douglas

Fir, grand

Fir, subapine
Hemlock, western
Juniper

Maple, Rockymountain
Oak, Gambel

Pine

Pine, lodgepole

Pine, ponderosa
Spruce

Spruce, Engelmann
willow

Willow, short-fruited
Willow, tea-leaved

Y ew, Pecific

Lower Plants-

Lichen
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Rhus trilobata
Eurotia lanata

Populus tremuloides

Prunus spp.

Prunus virginiana

Prunus virginiana
demissa

Populus trichocarpa

Abies spp.

Psuedotsuga menziesii

Abies grandis

Abies lasiocarpa

Tsuga heterophylla

Juniperus sp.

Acer glabrum

Quercus gambelli

Pinus spp.

Pinus contorta

Pinus ponderosa

Picea spp.

Picea engelmannii

Salix spp.

Salix brachycarpa

Salix planifolia

Taxus brevifolia

Cladonia spp



