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ABSTRACT

The Cates of the Mountains area In west-central Montana exemplifiss
areas where potentlal effects of domestic sheep grazing on bighorn sheep
populations must be assessed. Based on review of published and unpublished
reports and observatlions, effects of domestic ahem m:ini on bighom
sheep can be classified into three categories: tion for forage:
2. Competition for space (soclal competition): md 3, Tranamission of
diseases, The ablility of domestic sheep to ut!.li.:u stesp slopes and arid
ranges permits a high degres of overlap In habitat use between bighorn and
domestic sheep on shared ranges. Similar food preferences increase the
potential for direct competition for forsge. while individual bi nrn haye
been observed to assoclate with domestic sheep, soclal avoldance
rule on shared ranges. This avoidance can lead to bighorn ocoup 1 -i- nniy
part of the avallable habltat. The close genetic relationship o
sheep to domestic sheep is reflected in hybridization and susceptihiuty of
bighorn to many diseases which affect domestic sheep. However,
observations indicate bighorn lack resistance to pneumophilic bacteria
which domestic sheep can carry without ill effects. Co-use of ranges by
domestic and bighorn sheep has been consistently linked with declines,
die-offs, and extinctlons of bighorn populations from historical to recent
times. While much of the evidence for competition between domestic sheep
and bighorn 1s circumstantial, it is sufficiently strong to have prompted
management decisions against co-use of ranges by bighorn and domestic sheep
by federal land management agencles and state wildlife departments.

The Gates of the Mountain area is located in the Blg Belt Mountains of
west-central Montana. Rocky Mountaln bighorn sheep (Ovis canadenis
canadensis) were originally numerous in the Big Belt Mountalns and in the
hIIls to the north of the range (Cousy 1950). In the early l8ao’'s,
following introduction of domestic stock into the area, great losses aof

bighorn sheep occurred which were attributed to scables and bighorn sheep
disappeared from the area scon afterward (Couey 1950).

1 present Address: Department of Animal Sclence, University of Alberta,
Edmonton, Alberta, Canada T&G 2P5
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In the early 1900's, domestic sheep were grazed in the Gates of the
Mountains area the Candle Mountain and Moors Mountain Allotments (Helena
Mational Forest Allotment Files) (Figure l). The Beartooth Game Management
HEJl*iin 'ii.a}pglvataly cwned and grazed by domestic stock (pers. comm, Hubert

WE W

In 1942 and 1943, unsuccessful transplants of bighorn sheep were made
Into the Gates of the Mountains. In 1968, the Candle Mountain Allotment
became vacant. In 1570, the Beartooth Game Management Area was purchased
by the Montana Department of Fish, Wildlife and Parks (MDFWP) and livestock
grazing was eliminated (pers. comm, Hubert Ellwein). Grazing of domestic
sheep was limited to the eastern part of the Moors Mountain allotment and
the allotment became inactive in 1973,

Bighorn sheep from the Sun River herd were transplanted onto the
Beartooth Game Management Area in 1971, 1973 and 1975 (MOFWP 1975). One
hundred and fourteen bighorn were transplanted In these reintroductions
compared with only l4 bighorn In the unsuccessful transplants in 1942 and
1543. A bighorn herd which is currently estimated at 200 head (pers. comm.
Jim Mclucas<) and is expanding in both distribution and numbers (pers.
comm, Frank Flestd) was successfully established in the Beartooth Game
Management Area and the Gates of the Mountalns Wilderness, (Flgure 2).

The bighorn sheep in the Gates of the Mountains provide sport hunting as
well as nonconsumptive use, including viewing by hikers in the Gates of the
Mountains wWilderness and by plesasure boat from the Missouri River.

The current nmon=use agreement on the Moors Mountain Allotment ends in
1982. The permlittee is Interested in restocking the allotment with
comestic sheep. Cochran Flelds and Favorlte Gulch are cattle allotments
located south of the Cates of the Mountains Wilderness (Figure 3). They
have been vacant since 1973 (Cochran Flelds) and 1975 (Favorite Gulch).
The Helena Matliomal Forest, Montana Department of Fish, Wildlife and Parks
and the permittes are considering grazing management opticns on the thres
allotments. Alternatives under consideration Include stocking them with
domestic sheep or cattle and leaving them vacant.

This paper explores the question: what effect would stocking of
domastic shesp on these allotments have on the bighorn sheep of the Gates
of the Mountains?

2 woFwP, Wildlife Area Manager, Beasrtooth Management Area, Wolf Cresk,
Montana.

3 MOFW (retired), 890 Granite, Helena, Montana.

4 MpFWP, Creat Falls, Montana.
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I am indebted to & number of blologlsts who generously provided me with
personal observations and/or unpublished reports. They are individually
acknowledged throughout the paper. The United States Forest Service
(USF3), Helena National Forest, provided support during preparation of this
paper.

METHODS

This paper Is based on review of published and unpublished findings and
personal communications with wildlife biologists and range conservationists.

FEIULTS
HISTORICAL DECLINES

The introduction of domestic livestock onto bighorn sheep ranges in the
late 1800's and early 1900°'s was followed by severe and widespread die-offs
of bighorn sheep attributed to scebles, caused by Psgrootes spp. mites
(Honess and Frost 1942, Couey 1950, Buechner 1260, Bear and Jomes 1973,
Jones 1980, Lange 1980) (Table 1). Dle-offs colncided with dates of
Introductlons of domestlc sheep (Packard 1939, Couey 1950, Buechner 1940,
Lange 1780). In northern Colorado, Wyoming and parts of Montana domestic
sheep were Introduced In the mid-late 1800's and scables epidemics followed
in the 1860's to 1880's, In Canyonlands, where domestic sheep were
introduced in 1910, scables induced die-offs of bighozn followed during
1916-1922 (Dean 1577). The disease was not observed in blghomn prior to
the introduction of domestic sheep (Buechner 1980).

Early observers were convinced that bighorn sheep contracted scables
from domestic flocks (Packard 1939, Couey 1950, Buechner 1560, Bear and
Jones 1973), however, recent attempts to transfer sp. mites from
desert bighorn (0.C. nelsoni), to domestic sheep, elk EE&IM al |
mule deer (Odocolleus hemlonus) and Rocky Mountain bighorn have been
Inconclusive (pers. comm, Charles Hibler)S. Transient infestations were

actiieved on domestic sheep, elk, and mule deer. Infestation did not occur
on Recky Mountain bighomn Ems. comm. Charles Hibler).

uncontrolled hunting for sport and market also Impacted bighorn sheep
populations during 1850-1200 (Packard 1939, Buechner 1960). Additionally,
an encroaching civilization, with its assoclated roads, fences, and

settlements influenced bighorn herds (Packard 1939, Buechner 1%s0).

5  wild animal Disease Center, Colorsdo State University, Fort Collins,
Colorado.



Ceclines of bighorn sheep prior to 1900 probably resulted from several
factors, however competition with domestic stock for range and losses due
to scables, belleved to be contracted from domestic sheep, were considersed
of major Importance by reviewers (Packard 1939, Honess and Frost 1342,
Couey 1950, Buechner 1960, Sugden 1961, Bear and Jones 1973).

Tahle 1. Die-offs of bighorn sheep attributed to scables dutlng 1859-1939.

Location Dates of Die-offs References
Colorado 1859 - 1931 Lange 1980, Buechner 19s0
Utah 1916 - 1922 Dean 1977
Wyoming lgsl, 1Bas Lange 1980, Buechner 1960
Montana 1880 - 1890 Lange 1980, Buechner 1%60
Idaho 1870 - 1880 Smith 1954
Callfornia 1870 - 1879,1898 Lange 1980, Buechner 19&0
Oregon 1935 Lange 1980, Buachner 1950

The number of domestic sheep grazed on rengelands In the 11 western
states Increased to a peak about 1920 and remained high through 1945
(Flgure 4) (wWagner 1978). Grazing of domestic sheep on bighorn ranges was
widespread. Concurrent with the peak was a pronounced die-off throughout
most Rocky Mountain bighorn sheep range in the United States, while simllar
declines occurred in Rocky Mountain and California bighorn (0.C.
californiana) in British Columbia (Stelfox 1574). The severs declines of
bighorn sheep led to widespread concern among biologists. Some belelved
bighorn were In danger of extinctlon (Couvey and Schallenberger 1971, Dixon
1940). In 1939, blologists from Colorado, Idaho, Montana and Wyoming
formed the Rocky Mountaln Emmw Sheep Conference to study the
decline of bighorn populations th the Rocky Mountalns (Capp 15£8).

A few examples illustrate declines ocourring throughout blghorn range
in the western United States (Table 2). In each case grazing by domestic
sheep alone or in combination with cattle colncided with a decline or
die-off of bighorn sheep,
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Table 2. Historical examples of bighorn declines during periods of grazing
by domestic sheep.

pates of Domestic Status of Bighorn

Location Sheep Grazing STheep References
Rocky Mountain 1917 - 1930 All-age die-off Packard 193%a,
National Park preuomonia Packard 193%b,
Colorado Shepherd 1978
Rock Creek 1200 - 1920 Bighorn declined  Berwldk 1988
Montana to low of B Aderhold 1972
Dinpsaur Mational 1920 - 1950 Severe declines Barmore 1962
Monument , Colorado in early 1930's

died out completed

by 1950
Sun River, Montana 1710 - 192% All-age die-off Picton and

of 70% of herd Pleton 1975

RECENT REPORTS

Since 1745, declines in native herds have slowed or stopped and bighorn
sheep numbers have increased in several states due to transplants onto
historical renges (Rutherford 1972, Couey and Schallenberger 1971). In
many cases, bighorn sheep disappeared from these ranges during perlods of
heavy gra:L'ig by domestic livestock (Buechner 1950, Brown 1974, Goodson
1980, Butts 1980) and were successfully reintroduced after reductlions in
livestock use, often including removals of domestic sheep.

Declimes In grazing of domestic sheep on western rangelands betwesn
1345 and 1978 have been due largely to economic factors Including rising
costs of transporting and herding sheep and lower prices for wool and
mutton (USFS 1976). Most sheep allotments on public lands were not closed
but remain vacant if the permittee has relinquished his permit or in a
non=use status. Some have been converted to cattle use (Allotment Files,
Arapaho and Roosevelt Matlonal Forests, Helena Mationel Forest.) Since
1978, Improvements in the economics of mmrmiﬁ have resulted in
efforts to restock sheep allotments or convert cattle allotments to sheep
allotments on public lands in California (USFS 1979), Wyoming (pers. comm.
Bruce Johnson)8, Colorado (pers. comm. Fritz Foutz)7, New Mexien (gers.
comm. Kurt Nelson)®, Montana, and Oregon (pers. comm. Guy Sheeter)?.

ing Department of Fish and Game, Big Pimey, Wyoming.
&{:};’ Pine RD, San Juan NF BI:.rF.lEJ.d: Co uradu.'

USFS, Seward RD, Chugach NF, Seward, Alaska.
BLM, Burns District, Burns, Oregon.
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Studies of Interspecific competition nften Involve monitorinp the
response of one specles to the introduction or removal of a second.
Changes in public and private land management have provided examples of the
reduction, removal and Introductlon of domestic sheep on bighorn ranpges and
the responses of biohorn herds. These were not experiments, however, and
it is Important to note that other varisbles were not controlled,

MonEana

The Upper Rock Creek herd In western Montans was estimated at 150
bighorn in winter 1964-1965, based on an actusl count of 103 (Aderhold
1972). The herd had been steadily increasing since the early 1950's with
moderate use by cattle and horses on its fall-spring range. On June 1,
1965, 300 domestlic ewe-lamb pairs were Introduced onto the bighorn
fall-spring range and remained until late October (Aderhold 1972). Contact
between bilghorn sheep and domestic sheep was possible durlng Jume. Fall
counts Indicated a decline to 71 bighomn during the summer. Losses
continued through the winter, and by May 1 bighorn remained., A&n unusually
cool and wet summér and fall may have been a factor in the decline

(Aderhold 1972). Domestic sheep grazing was reduced In ralluqir?nm:s,
however, the bighorn continued to decline, dying out completely the

early 1970's (pers. comm. Tom Butts)lO,

In 1975, 31 bighorn sheep were transplanted from the Sun River, Montana
terd to the Upper Rock Creek range. The transplanted sheep increased to an
estimated 150 bighorn by 1981. Factors believed contributling to the
success of the transplant were elimination of domestic sheep, establishment
of a rest-rotation grazing system for cattles, establishment of a llvestock
exclosure and control of human disturbence (Butts 1980).

The Thompson Falls bighorn herd in northwestern Montana was estimated
at 50 head in 1942 (Brown 1974). From 1940 through 1955, 200 to 300
domestic sheep grazed the blghorn range. Bl sheep dissppeared from
the area during the early 1950's (Brown 1%74). In 1959, bighorn were
relntroduced (after removal of domestic sheep) and increased rapldly to an
estimated 240 In 1974 (Brown 1974).

Shawn Stewart of the Montana Department of Fish, Wildlife and Parks
counted 11 bighorn sheep on the Monument Peaks winter range in 1975, after
many years of grazring of cdomestic sheep. Following @ management decision
{USFS 1976) domestic sheep grazing was eliminated from 95 percent of the
bighorn winter range. Domestic sheep were grazed on the remaining 5
percent during 2 ivenrs (1977, 1981) since 1975. In 1981, the count on the
winter IHQE d Increased to 35 biphomn sheep (pers. comm. Shawn
Stewart)id,

10 5Fwe, Rouncup, Montana.
1l moFWP, Red Lodge, Montana

96



Utan

In 1974, 4000 domestic sheep were grazed on the white Rim of
Canyonlands Mational Park (pers. comm. Bill Bates). Clay Dean, a graduate
student at Utah State Undversity found no use by bighorn sheep on the white
Rim or west of the White River Road during his studies (1974-76)(Dean
1977). Dean estimeted the bighorn herd In Canyonlands at 80-130 head in
1975 when domestlc sheep use was terminated. Bill Bates, who Is currently
completing a graduate study on blghorn In Canyonlands, found blghorn now
utilize the White Rim and areas west of the White Rim Road within .8
kilometer (.5 mile) of escepe terrain. Since 1975, the population has
increased rapidly and is currently estimated to number over 500 (pers,
comm. Bi11 Bates 12, mike king 13, Gar Workmen 14), Other factors
which may nave nmtriuuted to :Iepreaseﬂ bighorn sheep populations durinmo
the 1950's and 1960's were disturbance due to uranium mining and poaching
by miners (Dean 1%77).

Mevada

Jessup (1%81) reported an all-age die-off of bighorn sheep in the
Mormon Mountalns of Mevada. Although domestic sheep normally are grazed
only at the base of the Marmon Mountains, 1J::*If:r'n.- to the die-off two dﬂﬁHtI:
sheep were pbserved running with a band of bighorn. Bronchopneumonla wa
idgentified in 4 hunter-killed bighorn examined. Counts indicated a 50
percent decline from approximately s00 to 300 bighorn sheep.

Hew Mexico

The bighorn herd In the Latir Peaks Wilderness of northern New Mexico
was the result of a transplant of 20 bighorn in fall of 1978. In spring
1281, 348 blghorn sheep were counted and the herd was estimated at 30 head
{pers. comm. Kurt Melson, Stephen Hengij]. tn mid-July 181, 115
domestic sheep were allowed to graze allotment, which had been vacant
for 10 years. The area grazed Included parts of the summer range used
regularly by bighorn sheep. By the end of July coughing bighorn were
observed. During August-October coughing, rough, dry hair coat, lethargy
and weak condition were noted in the bighorn, and only 10-12 individuals
could be located. Four carcasses were found before winter weather ended
field investigations. MNecropsies indicated bronchopneumonis was the cause
of desth of all 4 sheep (pers. comm. Stephen Henry, Kurt Melson, Charles
Hibler). All radio-collared sheep were found dead during field

12 Department of Fisherlies and Wildlife, Utsh State University, Logan,
Utah

13 pepartment of Fisheries and Wildlife, Utsh State University, Logan,
Utah

14 pepartment of Fisheries and Wildlife, Utsh State University, Logan,
Utah
15 mew Mexico Department of Game and Flsh, Santa Fe, New Mexico



Hibler). All radio-collared shesp were found dead ouring field
investigations in 1982, and no live shesp were observed indicating a
complete die-off (pers. comm. Stephen Henry).

Colarads

Bear and Jones (1%73) reported 12 bighorn sheep herds in Colorado with
domestic sheep grazing on their ran prier to 1970. In the late 1950°'s
and early 1%70's, nine of these herds experienced significant reductions or
complete removals of domestic sheep from thelr ranges (Table 3)., Six of
the herds (67 percent) experiencing reductions have Increased. For the
Dinosaur Mational Park herd no counts are avallable; however, there is some
evigence that the herd may be expanding its range Into areas used by
domestic shesp and cattle prior to 1975 (pers, comm, Gary Skiba)ls. on
the ranges of three herds (25 percent) domestic shesp grazing has remained
the same and bighorn numbers have remalned falrly constant. Only two of
these herds have been treated for lungworms (Hibler et al. 1978),
Georgetown and Ouray, and nelther of these herds Increased significantly
{(Taple 3). OF l4 herds In 1970 without domestic sheep grazing, seven have
increased; however, flve of these have been treated for lungworm (Table
4). Overall six of nine herds treated for lungworm have Increased and six
of the nine herds experiencing reductions or removals of domestic sheep
have increased (Tables 3,4).

Canada - British Columbia

In British Columbia, three die-offs of bighoon sheep have occurred
since 1939, following contact between bighorn sheep and domestic sheep on
their ranges. The B herds involved In one or moré of the die-offs winter
on contiguous ranges spanning over 130 map kilometers (80 map miles) on the
Rocky Humgain Trench (pers. cosm. Ray Demarchil? peter Davidsonl?,

Bandy 1968).

In 1939, approximately 100 domestic sheep were introduced onto the
range of the Radium-Stoddard bighorn herd near Kootenay Mational Park. In
the fall of 1939, bighorn rams were cbserved breeding domestic ewes. A
die-off of bighorn began the following winter. Hemorchagic septicemla
{preumonia) was diagnosed as the proximate cause of death. Over the next
saveral years the die-off spread through adjacent bighorn herds {pers.
comm. Ray Demarchi, Peter Davidson).

A second die-off began In the Bull River bighaorn herd in January 1965
(Bandy 1968, Demarchl 1%80). Domestic sheep had not been grazed on this
range except for a perlod In 1955 (Smith 1955, Demarchi 1980). 1In 1361, or
1952, a sheep rancher began grazing about 150 head of domestic sheep on the
bighorn renge. In January 1565, bighorn sheep were ocbserved feeding on
haystacks in the rancher's fleld with his domestic sheep. Several bighomn
died, apparently from rumen compactlon (Demarchl 1980). A die-off in the
bighorn followed which reduced the herd from about 250 to B head.

16 pepartment of Fishery and Wildlife Biology, Colorado State University,
Fort Collins, Colorado.

17 Fish and wildlife Branch, Cranbrook, British Columbias.
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Table 3.

Trends of Bighorn Sheep Herds In Celorado with Domestic Sheep
Grazing In 1970.

Domestic Domestic Sheep Population
Bighorn Sheep Grazing Pressure Estimates
Range Grazing 1970/1980 Bighorn Sheep
1560-19701 Trend ¥ X Recuced Trend 15701 15802
Cimarron Heavy Down 1003 up a0 75
Peak
Gore Range Moderate Stable 04 Stable 40 75
Lake City Hoayy Down 255 Up 70 90
Quray Moderate Stable 107 Stable 50 100
Pole Moderate Stable 06 Stable 14 14
Mountain
Redstone Moderate Down 1o04 Un 25 £0
San Luis Heavy Dowr 505 Up 150 200
Paak
Moderate Down 1003 Stghle 40 a0
Mountain
Snowmass Moderate Down 1003 up 25 75
Vallecito Heavy Down 1003 up 12 30
Dinosaur
National Moderate Down 1007 7 7 77
Monument
Georgetown Moderate Down loo8 Down 75 40
1 gear and Jones 1973.
2 sehmidt and Rutherford 1980.
3  pers. cosm. Dave Cook, Fritz Foutz, San Juan, NF, Durango, Colorado.
4 pers. comm. Bernle Rlos, White River NF, Glenwood Springs, Colorado.
5 pers. comm. Fred Wilde, Duane Harp, Grand Mess, Uncompahgre and Gumnison
National Forests, Delta, Colorado.
:5' pers. comm. John Verner, Rio Grande NF, Monte vista, Colorado.

pers. comm. Gary Skiba, Department of Flshery and Wildlife Blology, Colorado

State University, Fort Collins, Colorado

Allotment Files, Roosavelt and Arapahoe Natlonal Forests, Fort Collins, Colorado



Table 4. Trends of bighorn sheep herds in Colorado without domestic sheep grazing,

Population Estimates Dates of
Bighorn Sheep Lungwarm
frend Bl 19802 Treatment2

Collegiate Range Up 100 200 1976=-79
Battlement Mesa Stable 35 a5
Buf falo Peaks Up 50 110
Clinetop Mesa Stable 15 15

Mt. Evans Up 150 250 1976-77

Poudre Canyon Ug 75 250 1976-79

Pllkes Down/Up 200 200 1976-79

Rocky Mountaln

National Park Stable 200 200

Tarryall Up 100 250 1976-79

Taylor River Deywiry a0 30 1977-78

Trickle Mountain Lip 175 S00 1976-79
Waterton Stable 80 80
Arkansas Rlver Stable 20 30
Sangre de Cristos Up Ta 100

1  Bear and Jones 1973.
2 schmidt and Rutherford 1980.
*This herd underwent a decline and subsequent Increase during 1970-1980.



The die-off spread north through & contiguous bighorn ranges covering a
130 kilometer (B0 mile) span during the next 2 years. About 70 percent of
the bighorn in 6 herds dled (Bandy 1968). The Radium-Stoddard, wigwam and
Kootenay Park herds were affected. Bighorn dled from acute pneumonia.
Pasteurella multocida bacteria were isolated from bighorn during the
die-off. Heavy lungworm (Protostrongylus spp.) burdens were also found In
the bighorn (Bandy 1968). The die-off was sudden and unexpected since the
bighorn herds had maintalned stable population densitles for over 10
years. Most of the herds lnvolved in the die-off recovered to pre-die-off
levels within the next 10-20 years, however, the Bull Rlver herd has
recovered very slowly and is currently estimated at 50 head.

A third die-off began during the winter of 1981-852 on the Maguire
Creek-Red Canyon bighorn range (Davidson 1982a,b). This traditional
year-round range supported sbout 50 bighorn prior to the die-off. Domestic
sheep grazing began about 1978. Generally, domestic sheep were grazed for
3 weeks to 2 months during the summer, however, In October 1981, the
bighorn herd was known to be In direct contact with about 60 domestic sheep
{Davidson 1982a, b). The die-off began in December with at least 26
blghorn dylng during Demnh&rw:lw&ri. Mecropsies of 2 bighorn indicated
goute pneumonia was the cause of death., Pasteurella spp. Dacteria were
isolated from 1 ram. Both bighorn had heavy lungworm burdens. (Davidson
1582a, b).

Bighorn on the Wigwam winter range about 1.5 kilometers (1 mile) north
of the Maguire Creek-Red Canyon ranip began dying In late March 1982.
During the next 3 weeks about 150 bighorn (50 percent of the herd) died.
An acute bronchial pneumonla was the cause of mortality. Pasteurella
multocida was found In necropsled sheep. Little lungworm was
discovered in bighorn which died during the first 10 days of the die-off,

seventeen bighotn were transplanted from the Wigwam range to the Bull
River range to sugment the native herd in mid-March about a week prior to
the beginning of the die-off. The transplanted sheep remained in excellent
condition for & weeks. ODuring the seventh week, 7 of them developed scute
pneumonia. Pasteurells multocids was isolated from 2 ewes which were
necropsied. 1he ewes carried moderate-heavy lungworm burdens. The
transplanted sheep had been foraging on green vegetatlon for about 5 weeks
prior to the die-off (Davidson 1982a, b). The native Bull River sheep
remained healthy.

The die-off continued to spread during the summer and by fall 1983, 8
herds were affected Including most of the herds involved in the first 2
die-offs. Bighorn were dying on sSummér ran where densities were low,
Lungworm burdens in most of the herds were low. While the ranges of most
of these herds were contiguous, one affected herd was over &0 kilometers
{40 miles) from the nearest dis-off and two herds between appeared
unaf fected (as of fall 1982) (pers. cosm. Peter Davidson). Total mortality
from this die-off will probably equal or exceed the losses of the 1939-42
and 1965-£7 die-offs (pers. comm. Peter Davidson).

Xl



POTENTIAL COMPETITION MECHANISMS

Competitive Interasctlons between bighorn and domestir =heep can {nvolve

direct competition for forage and more subkle Interference including social
Intolerance and disease transmission.

Competion for Forage

Evidence for direct forage competition Includes food habits overlap,
habitat use overlap and the relative importance of shared foods in the
diets of bighorn and domestic sheep. ODomestic sheep may utilized the same
habitats a5 bighorn sheep. Steepness Is no barrier and they are capable of
grazing arid and high elevation ranges (Bowns 1971, McDaniel and Tiedman
1981). These characteristics have ?'r|=1:1u|:|'||'c11||r made them the preferred
livestock on bighorn sheep ranges too hlgh in elevation, rupped or dry for
cattle (Allotment files, Arapaho-Roosevelt mational Forests and Helena
Mational Forest).

Food habitats of domestic sheep are simllar to those of bighorn sheep.
On spring and summer ranges, both prefer grasses and forbs (Todd 1972,
Johngson and Smith 1980, MscCracken and Hansen 1981). On arid and winter
ranges both consume greater proportions of browse (Todd 1572, Browning and

Monson 1980, Cock et al. 1962, Olsen and Hansen 1977). Both domestlic sheep
and bighorn sheep feed selectively on more nutritious forage. Few data are

available on food habits of domestic sheep and bighorn shezep on shared
ranges. Stewart (1975) found domestic sheep preferred and heavily utilized
sedges and bluegrass which were extremely important in the diet of bighorn
sheap on shared summer ranges in southern Montana.

social Intolerance

Typically, domestic sheep on mountsin ranges are grazed in large bands,
often of 1000 or more managec by a herder using several dogs (Allotment
files, Arapsho and Roosevelt ational Forests, Helena National Forest).
After passage of such a band little forage may remain. It i= impossible,
based on casual observation, to separate the effects of domestic sheep,
dogs, human herders and forage removal. Bighorn sheep avold domestic bands
on thelr ranges; in Colorado, in the Mever Summer Range, on San Luls Pesk,
on Pole Mountain, and in the GCore Range (Bear and Jones 1973), and in
Dinosaur Mational Park (Barmore 1962); 1in Utah, In Canyonlands National
Parks (Dean 1975, Dean and Spillet 1978, Dean 1977), In Wyoming, on the
Carter Mountaln Alpine Research Area (Thilenlus 1975), end in Montana on
Morument Peak (USFS 1976). Removals of domestic sheep from bighorn ranges
in the Never Susmer Range, on 3an Luls Peak and In Canyonlands Natlonal
Park ware followed by expansion of bighorn sheep distribution into areas
formerly used by domestic sheep (Bear and Jones 1573, pers. comm. Bill

Bates). Duane Harp (pers. comm.)18 mentioned bighorn on the Lake City
range maintain a "puffer zone" between themselves and domestic sheep and

18 puane mMarp, USFS.



that the zone Is greater during the lambing period. David Reeder (pers.
comm. )19 mentioned bighorn used aress domestic sheep *could not get to®
and consldered such areas lmportant to the survivial of bighomn, Tom Thorne
{pers. comm.}eU noted domestic sheep tended to use the more level and
mesic meadows while Dighorn remalned on steeper slopes on shared ranges.
Thilenlus (1275) noted blghorn used alplne ranges In Wyominp mainly before
and after domestic sheep were present. In Canyonlands, bighorn expanded
thelr distribution onto areas of gentle terrain up to .8 kilometer (.5
;ﬂa.‘r from escape cover after domestic sheep were removed (pers. comm. Bill
Bs.

These observations suggest that social intolerance may limit bighorn
gistribution and habitat use on shared ranges before forape competition.
In Canyonlands, although surplus forage existed on some areas used by
domestic sheep, bighomn did not use these areas until domestic sheep were
removed (Dean 1977, pers. comm. Bill Bates).

Disease Transmission

Bighorn sheep are closely related to domestic sheep. They readily
hybridize to produce fertile offspring (Monson and Sumner 1980). They are
susceptible to virus-caused diseases (bluetongue, contagious ecthyma),
bacteria-caused diseases (pasteurellosis, paratuberculosis), parasites
{nasal botfly-induced chronic sinusitis, ?ﬁm'q:-til: scables), and other
pathogens (Chlamydla spp. Induced plnkeye) that also affect domestic sheep
{Jessup 1579, er In press, pers. comm. Charles Hibler). while some of
these diseases are currently controlled In domestic sheep (scables), other
are still common {pasteurellosis, contaglous ecthyma, chronle sinusitis) or
difficult to diagnose and control (paratuberculosis) (pers. comm. Charles
Hibler, Williams and Hibler this volume). Of these diseases, contaplous
ecthyma, pasteurellosis, pinkeye, chronic sinusitls, and scables have
caused debllitation and/or death In free-ranging bighorn herds (Samuel et

al, 1975, Spraker and Hibler this volume, Bunch In press, Meagher this
volume, Lange 1980).

Chronic Sinusitis. Chronie sinusitis is currently considered to be
an important cause of mortality in desert bighorn. According to a recent
review (Bunch in press) chronic sinusitis has been found in bighorn
populations th t the warmer and drier parts of their range including
Arizona, California, Nevada, New Mexico, and Utsh. Prevalences as high as
45 percent in ewes and 27 percent in rams have been found in free-ranging
herds. Severity 1s greater in desert regions where environmental
conditions favor the nasal bot fly and where bighorn sheep concentrate at
limited water sources which increase their vulnerability to fly strike.
The disease is considered to be terminal in bighorn sheep and has

139 oS, Lender Ranger District, Shoshone NF, Lander, Wyoming.
wWyoming Game and Fish Department, Came and Fish Research Laboratory,
Laramie, Wyoming.
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contributed to the decimation of some herds and limits productivity of
others (Bunch In press). Chronic sinusitis was Introduced with domestic
sheep and its occurrences In bighorn is the result of association with
domestic sheep (Hibler In press). Currently, management recosmendations
are to mafintain at least a Z-mile buffer between densities and Dighorn
sheep (Bunch 1978, USFS 1578).

Pasteursllosis. Two recent die-offs of bighorn sheep from acute
branchopneumonia following assoclatlon with comestic sheep were reported by
Foreayt and Jessup (1982). Both incidents involved healthy bighorn herds
which were in enclosures for 10 months or more before the dea occurred
suggesting that capture stress or acclimatization to the new habltat was
not a problem, In each case, nose to nose contact with domestic sheep was
followed within weeks by a die-off. In Lava Beds National Monument,
California, all 43 blghorn died, In Washington, at the Mathow Came Range,
one ewe of 14 bighorn survived, Mo sickness or mortality was reported in
the domestic sheep. Circumstantial evidence suggests that apparently
healthy bighorn sheep transmitted pneumophilic bacterls (Pasteurells
multocida was isolated {n the California suthreak) to the bighorn sheep
Tesulting in mortality (Foreyt and Jessup 1982).

These incidents are similar to others experienced by researchers
attempting to malntaln bighorn sheep In cﬂntiuit{ in assoclation with
domestic sheep. While bighorn sheep are generally prone to pneumonia In
captivity (Spraker 1977) assoclatlion with domestic sheep seems to
significantly increase the probability of developing pneumonia. Incidents
of apparently healthy adult bighorn in captivity dying from pneumanis
shortly after exposure to domestic sh have occurred at Utah State
University (pers. comm. J, Juan Spillet)2l University of British
Columbis (pers. comm. Daryll Hebert)2Z and Colorado State University
(pers. comm, Charles Hibler). Workers at the Sybille wildlife Research
Unit of the Wyoming Department of Flsh and Game have spent years develop
a cross=bred blghorn-domestic sheep herd for research purposes. They f
bighorn sheep and the hybrid offspring of bighorn-domestic crosses to be
more susceptible to pneumonia than domestic sheep maintained uncer the same
conditions (pers, comm, Tom Thorne). Hybrid lambs developed pneumonia
within the first 3 weeks of life, and prompt treatment was necessary to
prevent mortality. Second hand reports related by ranchers in Wyoming
indicated the same process occurred in the free-ranging situatlon (pers.
comm. Tom Thorne). When bighorn rams joined their domestic flocks and bred
the ewes, the resulting hybrid lambs experienced a remarkably high
mortality during the first few weeks of life. These observations are
consistant with Foreyt and Jessup's (1982) hypothesis that domestic sheep
are more resistant to pneumophilic bacteria than bighorn and are able to
carry strains of bacteria capable of causing acute pneumonia in bighorn.

Cireumstances of the Rock Creek, HMormon Mountains and Latir Peaks
die-offs in the United States and the Radium-5toddard, Bull Rlver and

21 uss, caribou NF, Pocatellp, Idsho.
22 Fieh and Wildlife Branch, wWilllams Lake, British Columbia.



Maguire Cresk-wWigwam die-offs in British Columbis are conslstent with the
hypothesis that a pathogen transmitted from domestic sheep to bighorn sheep
was the cause. In each of these cases, associatlion of bighorn wlth
domestic sheep was followed by an all-age die-off due to acute pneumonia,
and significant mortallty cccurred In summer-fall rather than in winter
when a malrnutrition problem would be expected. 1In the Canadian die-offs,
the spread of the die-off to adjacent populations sugoests contaglous
spread of & disease, The delayed response of highomn which were
transplantad from the Wigwam range prior to the die-off [s consistant with
the hypothesis that a pathogen with 3 varlable Incubation perloed rather
than a range-related factor triggered the die-off.

MAMNAGEMENT RESPONSES

Some land and wildlife management agencles have responded to the
available information on interactions between domestic sheep and bighorn
sheep by developing direction or guldelines or by speciflic management
declslons. In 1954, the Colorade Division of Wildlife purchased 430 acres
on the Plkes Peak bighorn range to prevent grazing of domestic sheep (Bear
and Jones 1573). The San Bernardino and Angeles National Forests in
California have a pollicy against domestic livestock on occupled bighorn
range, which has been in Fforce since 1957 (Light et al., 1957, pers. comm,
Steve Loe)23, The Inyo National Forest, also in Californla, completed an
Environmental Analysls Report in 1979, in which the preferred Farest
Service flternative was not to convert an allotment partially on bighorn
sheep range from cattle to domestic sheep. This decision was based largely
on concern sbout the potential for disesse transmission between domestic
and b n sheep (USFS 1979). The San Bernardino Mationel Forest also
recently documented a declision not to convert a cattle allotment to
domestic sheep use because of Its proximity to bighorn range and the
potential for disease transmlsslon (USFS 1%8l). The Bureau of Land
Management in Idaho has & policy against grazing domestic sheep within 3.3
kilometers (2 miles) of occupled bighorn range In its Land Managesment Plan
for 1 resource area (pers. comm, Alan Sands)<d,

In April 1981, Dale Jones, Director of wildlife and Fisheries, U.S.
Forest Service, sent a memo to Reglonal Foresters in & western reglons
drawing their attention to a note In "The Sheepherder® (Mewsletter of the
Society for Conservatlon of Bighorn Sheep) which referred to the die-offs
at Lava Beds Matlonal Monument In Callfornla and at the Methow GCame Range
in Washington reported by Foreyt and Jessup (1982). Jones stated,
"Although this is not conclusive evidence, It indicates that domestic sheep
are a probsble source of Infectiom of Dighorns and underscores the need o
assess carefully the probanility of disease transmission where domestic

shesp are paermitted to graze on bighorn sheep range or whers domestic

43 s, San Bernardino Mational Forest, Ssn Bernarding, California,
24 p M, Bolse District, Boise, Icaho.
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sheep may come into contact with bighorn held within enclosures, etc.
Appropriate caution should be exerclsed to prevent contact between the
species” (Jones 1981).

SUMMARY AND DISCUSSTON

A review of published and unpublished Information provides evidence of
incompatibllity between bighorn sheep and domestic sheep on shared ranges.
Introductlons of domestic livestock onto blghorn ranges in the late 1B800's
ware followed by massive die-offs attributed to scables, believed by
contemporanecus cbservers to have been contracted from domestic sheep.
Widespread grazing of domestic sheep on bighorn sheep ranges in the early
1900's was associated with severe declines in bighorn populations
throughout bighorn sheep ranges In the western United States and British
Calumbia. While other factors such as uncontrolled hunting and
construetion of roads and settlements contributed to declines, competition
with domestic livestock for forage and space and diseases, possibly
contracted from domestlc sheep, were considered the most important
factors. In general, bighorn sheep have survived ln thelr most remote and
rugged habitats whers the impacts of clvilization, including competition
with domestic livestock have been least (Buechner 1960, McQuivey 1978,
Goodson 1980), They have been successfully reintroduced into mm{
historical ranges after reduction in livestock grazing, often including
removals of domestic sheep.

Since 1940, declines or die-offs In 7 free-ranging and 2 ceptive
bighorn herds in the U.S. and Canada have been reported following
introductions of domestic sheep onto bighorn ranges. Elght bighorn herds
have Increased significantly followlng reductlon or removal of domestic
sheep from their ranges. Interpretation of these cbservations lIs
r.-mqlicatui by the facts that some bighorn herds have not lncreased
following domestic sheep removal and that some herds have survived for many
years with domestic sheep on their ranges. However, no herds I researched
with domestic sheep on their ranges are increasing except those on ranges
where use by domestie sheep has been significantly reduced. The rest are
typieally small and static or declining in rnumbers (Bear and Jones 1973,
Eers. comm. Dave Reeder, Shawn Stewart). The ranges of large, productive

ighorn herds are consplcuously free from domestic sheep grazing, though
most experience conservative cattle or horse use on parts of thelr range.
Examples Include the Sun River herd ln Montama, the Whlskey Mountaln herd
in Wyoming, the Trickle Mountain and Poudre Canyon herds in Coloraco, the
Salmon River herd in Ideho, and desert bighorn herds in Nevada (Bear and
Jones 1973, Plcton and Picton 1975, McQuivey 1978, Thorne et al. 1979,
Schmidt and Rutherford 1980. pers. comm. Bill Hickey)23,

Declines and die-offs have occurred in bi populations without any
known associstion with domestic sheep (Marsh 1938, Bear and Jones 1973,
Feversteln et al. 1980, Wishart et al. 1980, Simmons this volume). The

25 1daho Department of Fish and Game, Salmon, Idaho.



proximate cause of mortality in these die-offs as wall as those following
association with comestic shesp was bacterial prmeumonia, Bacteris of the
genus Pasteurella, most frequently P. multocida and P. haemolytica, were
irnvarishly Found when sought (Buechner I'!iﬁﬂ., Post 1962, Spraker and Hibler
in press). However, Pasteurella are also Tound In the ypper respliratory
tract of healthy, naormal bighorn (Spraker 1577). Several mechanisms have

been proposed through which bighorn resistance to Infection can be reduced
allewing development of preumania.

Mortality from stress-induced pneumonia is well-cdocumented in captive
bighorn sheep (Spraker 1977). Long term chronic stress due to captivity
results in increased output of adrenal hormones which depress the immune
responses of bighorn. Lowered defences permit bacteria such as Pasteurells

to invade the lungs (Spraker 1977), A similsr mechanism may be Operatlve
in die-offs of free-ranging sheep under conditions of stress due to

disturbance (Simmons this volume), or poor nutrition and crowding
(Feuerstein et al. 1980).

Stress-Induced immune deflciency can also allow lungworm burdens to
increase. Heavy lungwarm burdens lnduced by stress, crowding and/or poor
nutrition may compromise lung tissue creating favorable conditlons for
bacterial attack (Spraker In press). Respiratory irritation, caused by
inhaling dust under severely dry conditlons may similarly Increase the
vulnerability of lung tissue (Simmons this volume).

Alternatively, pneumonia may be induced through Introduction of
virulent strains of Pasteurella (Foreyt and Jessup 1982). Pasteurella spp.
occur as antigenically different strains, which differ so much that
vaccines effective for one or several strains may be totally ineffective
against others. Although bighorn may be capsble of carrying some strains
without 111 effects, others may Induce eacute pneumonia.

Circumstantial evidence reviewed In this paper indicates grazing of
domestic sheep on bighorn ranges can precipitate bighorn cecl or
die-offs. Oomestic sheep can negatively affect blghomn sheep through
direct forage competition and restriction of bighorn distribution and
habitat use through soclal avoldance, thereby ceusing crowding and/or poor
nutrition of bighorn. Blighorn resistance to infection may be lowered due
to stress caused by crowding, poor nutrition andfor harassment caused by
the presence of domeéstic sheep and thelr associated dogs and herders.
Additionally, domestic shesp may carry virulent strains of Pasteurella
capable of ng severe pneumonia healthy bighorn. In addition to
Pasteurella, domestic sheep may carry a number of other diseases which can
continually challenge the bighorn populatlon causing subtle or dramatic
increases In mortallty.

Current bighorn populations In the western United States are estimated
to be 1 percent of pre-settlement numbers (Wagner 1978). Following
enormous losses In the 1800's and early 1900's, bighorn populations have
remalned low, in contrast to the remarkable recoveries of elk and mule
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deer. Bighorn have shown less tolerance of poor range conditlons and
inter fic competition than other wild ates and greater

susceptibility to disease. They are less able to adapt to rapid habitst
changes and increased harassment resulting from the development of their
ran for man's use (Buechner 1960, Goodson 1980). Conservation of
bighorn herds requires careful management which minimizes the potential for
interspecific competition and disesse. On ranges where bighorn sheep are
considered an important resource, domestic sheep should not be introduced,
Where domestic sheep are currently grazed on bighorn ranges, reduction ar
elimination of such use is recommended if enhancement of bighorn status is

a management goal.

REFEREMNCES

Aderhold, M.W. 1972. The history, winter range, and current status of the
Rock Creek, Montana, blghorn sheep herd. M.S. thesis. U. of Montana,
Missoula. 103pp.

Bandy, P.J. 1968. Rocky Mountalin bighorn sheep losses in the East
Kootenay Reglon of British Columbla, 1965-1967. Paper presented to the
NW Section of the wildlife Soclety Annual Meeting, U. of Alberts,

Edmonton. In Files, Fish and Wildlife Branch, British Columbia,
Cranbrook. 19pp.

Barmore, W.J., Jr. 1%62. Bighorn shesp and their habitat In Dinosaur
Mational Monument. M.S, Is. Utah State University, Logan. 134pp.

Bear, G.D. and G.W. Jones. 1973. History and distribution of highorn
sheep in Colorado, Part One. Colorado Divislon of wWildlife, Fart
Collins. 232 pp.

Berwick, S.H. 1968. Observations on the decline of the Rock Creek,

Montana population of bighorn sheép. M.S. thesls, U. of Montana,
Missoula. 245 pp.

Buechner, H.R. 1%960. The bighorn sheep in the United States, Its past,
present and future. Wildlife Soc. Wildl. Monogr. 4. 174pp.

Bowns, J.E. 1971. Sheep behavior under unherded conditions on mountain
summer ranges. J. Range Manage. 24: 104-109.

Brown, G.W. 1974, ODistribution and population characteristics of bighorn
sheep near Thompson Falls in northwestern Montana. M.5. thesls, U. of
Montana, Missoula. 134 pp.

Browning, B.M. and G. Monson. 1980. Food, in G. Monson and L. Sumners,

eds. The desert bighorn: 1Its life nistory, ecology and management.
U. of Arizona Press, Tucson. 370 pp.

Bunch, T.D. 1978. Letter to Kathy Ayres, White Mountain Ranger District,

Inyo NF. On file, wnite Mountain Ranger District, Inyo WF, Bishop,
california.



« In press. Chronic sinusitis, In C.P. Hibler, ed. Disease, In R.
Valdez, ed. Wild Sheep of Morth America. Foundation for Morth
American wild Sheep, Cody, Wyoming.

Butts, T.W. 1980. Population characteristics, movements, and distribution
patterns of the Upper Rock Creesk bigharn sheep. Proc. N. Wild Sheep
and Goat Council. Idaho Dept. of Fish and Game, Salmon, p. 115-142.
Salmon, Idaho. April 23.25, 1980.

Capp, J.C. 1958. Bighorn sheep, elk, mule deer range relationships. 4
review of literature. Rocky Mtn. Mature Assn. Colorado Stats
University, Fort Collins. 75 pp.

Cook, C. W., K. Taylor and L. E. Harris. 1962. The effects of range
condition and intensity of grazing upon daily intake and nutritive
value of the dist on desert ranges. J. Range Manage. 15: l-5.

Couey, F. M. 1950. FAocky Mountain bighern sheep of Montana. Bulletin No.
2, Montana Dept. of Fish, Wildlife and Parks, Helena. 90 pp.

«» @8nd A. D. Schallenberger. 1971. Bighorn shesp. In T. W. Mussehl
and F. W, Howell, eds. Game management in Montana. Montana Fish and
Game Department, Game Management Division. Helena. 238 pp.

Dean, H. C. 1975. Blghorn Investigatlons In Canyonlnds National Park.
Trans. Desert Blghorn Council. Desert Bighomn Sheep Council: Las
Vegas, Mevada. Indio, California. April 9-11, 197S.

« 1977. Desert bighorn in Canyonlands Mational Park. M. S.
thesis. Utah State University. Logan B6 po.

. and J. J. Spillet. 1976, Bighorn in Canyonlands Mational Park.
rans. Desert Bighorn Council. Desert Bighorn Sheep Council, Las
Vegas, Nevada. p. 15-17. Bahla Kino, Mexieo. april 7.9, 1975.

Demarchl, R. A. 1980. Blghorn die-offs 19€5-66 - Bull Rlver bighomn
band. Memo. Typewritten. On file, Fish and Wildlife Branch,
Cranbrook, British Columbia. 1 p.

Davigeon, P. 1982a. Crasmere bighorn sheep die-off. Memo. Typewrlitten.
In files. Fish and Wildlife Branch, Cranbrook, British Columbla. 5 pp.

. 19820, Rocky Mountain bighorn sheep die-off. Memo.
":‘I'"'L-hittm+ On file, Fish and Wildlife Branch, Cranbroock, British
0 8. 5 pps

Dixon, J. C. 1940. Speclal report on the bighorn problem at Rocky
Mountain National Park. On flle, llbrary of Rocky Mountain mational
Park, Colorado. 14 pp. (Typewritten).



Fauvarstein, ¥., R. L. Schmidt, C.P. Hibler and W. H. Rutherford. 1980,
Bighorn sheep mortality In the Taylor River - Almont Triangle area,
l978-1379. A case study. Spec. t. No. 48. Colorado Div. of
wWlldlife, Fort Collins. 19 pp.

Foreyt, W. J. and D. A. Jessup. 1982. Fatal pneumonia of bighorn sheep
following sssociation with domestic sheep., J. Wildl. Dis. 18:
163-158.

Goodson, M. J. 1980. Bighorn sheep in north-central Colorado: Past,
present and future. Proc. N, Wild Sheep and Goat Council. Idaho Dept.
of Fish and Game, Salmon. p. 150-210. Salmon, Idaho. A&pril 23-25,
1980.

Hibler, C. P. 1%74. Spontaneous diseases of bighorn sheep. Colo. Div. of
wWildl. Job Progress Rept. Proj. W-4l-R<23, 78 pp.

Hibler, C. P. In press, Diseases, In R. Valdez, ed. Wild Sheep of North
America. Foundation for North American Wild Sheep, Cody, Wyoming,

.y 7. R. Spraker and R. L. Schmidt. 1976. Treatment of bighorm
sheep far lungworm. Trans. 2nd North American Wild Sheep Conference.
ODenver, Colorado. Aprl 22-23, 1976.

Honess, R. F. and M. M. Frost. 1%42. A Wyoming bighorn sheep study.
Wyoming Game and Flsh Commission. Bull. No. 1. 127 pp.

Jessup, D. A, 1979, Statewide bighorn sheep disease research. On file,
California Dept. of Fish and Game, Sacramentn, California. 9 pp.

. 198l. Preumonia in bighorn sheep: Effects on populations.
Cal-Neva Wildlife Trans. p. 72-78.

Johnson, B. K. and D. R, Smith, 1980. Food hablts and forage preferences
of blgharn sheep in alpine and subalpine communities. Proc. M. Wild
Sheep and Goat Council. Idaho Dept. of Fish and Came, Salmon, p.
1-11- EIJ.ITII'l. IMl -ﬂ.ﬂril B‘:ﬁ. m-

Jones, D. A. 1981, April 10 Memo to Regional Foresters, Regions 1, 2, &,
5, 6§ and 10. On file, Helena National Forest, Helena, Montana. 1 p.
{typewritten).

Jones, F. T. 1580. Competition. In G. Monson and L. Sumner, eds. The
desert bighorn. U. of Arlzona Press, Tucson. 370 pp.

Lange, R. E. Jr. 1980. Psoroptic scabies in wildlife in the United States
and Canada. Trans. Desert Bighorm Council. Las Vegas, Nevada. p.
IB-ED- st- mml Utﬁ'h q'p-ril 9-1—1| lm;

In press. In Diseases. C. P, Hibler, ed. In R. Valdez, ed. Wild

~—Sheep of Nocth America., Foundation for North American Wild Sheep,
Cody, Wyoming.

310



Light, J. T., Jr., F. A. Winter and H. Graham. 197. San Gabriel bighorn
habitat management plan. U. 5. Forest Serviece, angeles and San
Bernardino National Forests, Sen Bermardlno, Callfornia. 32 pp.

McCracken, J. G. and R. M. Hansen, 198l. Dlets of domestic sheep and
other large herbivores in southcentral Celorado. J. Range Manage. 3a:
242-245.

Marsh, H. 1938. Pneumonia In Rocky Mountain blghorn sheep. J. Mammal.
19: 214-21%.

McQuivey, R. P. 1978, The desert bighorn sheep of Nevada. Biol. Bull. No.
6. MNevada Dept, of Wildlife, Reno. 81 pp.

MeDaniel, K. C. and J. A. Tiedman. 198l1. Sheep use on mountain winter
range in New Mexico. J. Range Manage. 3a4: 102-.104.

Meagher, M. This volume. An outbreak of pinkeye In bighorn sheep, Yellow-
stone Matlonal Park: Prellminary Report.

Monson, G. and L. Sumner. 1%80. The desert blighomn. U. of Arlzona Press,
Tucson. 370 pp.

Montana Department of Fish, Wildlife and Parks. 1975. Montana's Rocky

Mountain bighorn sheep. Game Management Division, Montana Dept. of
Fish, wildlife and Parks, Helena. &4 pp.

Olsen, F. W. and R. M. Hansen. 1977. Food relations of wild free-ranging
horses to livestock and blg game, Red Desert, Wyoming. J. Range
Manage. 30: 17-20.

Packard, F. M. 19%%a. Progress report on the decline and present status
of the bighorn sheep in Rocky Mountain National Park. On flle, Office
of the Reserch Blologist. Rocky Mountaln Matinal Park, Colorado. 95

pp. {typewritten).

. 193%h, Notes on & conversation with Mr. Archie Gifford of Fort
Collins, Colorado, 28 July 153%. On file, Office of the Research
Riologist, Rocky Mountain National Park, Colorado. 2 p. (typewritten).

. 1%a5. An ecological study of the bighorn sheep In Rocky Mountaln
National Park. J. Mammal. 27: 3-28.

Plcton, H. O. and 1. E. Plcton. 1975. Saga of the Sun: A history of the
Sun River elk herd. Montana Dept. of Flsh and Came, Came Management
Division. Helena. 55 pp.

Post, G. 1982, Pastesurellosis In Rocky Mountain bighorn sheep. Wild.
Dis. 23: 1-14.

. 1976, Diagnostics and diseases of wild sheep. Trans. N. Am.

Wlld. Sheep Conf., Colorado State University, Fort Collins, Colorado.
p. 61-565. April 22.23, 197s.

311



Rutherford, W. H. 1972. Status of transplanted bighorn sheep In
Colorado. Game information leaflet. No. 92. Colorado Div. of
Wildlife, Fort Colllns. 3 pp.

Samyel, W. M., G. A. Chalmers, J. G. Stelfox, A, Loewen and J. J. Thomsen.
1975, Contaglous ecthyms in bighormn sheep and mountain goat in western
Canada. J. Wildl. Dis. 1l: 2s8.31.

schmidt, R. L. and W. H. Rutherford. 1980. Trapplng, transloecating and

inventory of blghorn sheep. Prog. Rept. Proj. Mo. W-41-2-30. Colo.
Div. of wildlife. Fort Collins. 12 pp.

Shepherd, H. R. 1975. Historieal distribution of bighorn shesp in
Colorado. Maps and notebook, handwritten. Colorado Division of
Wildlife, Fort Collins.

Simmons, B, W. This volume. An all-age die-off of bighorn sheep, Waterton
Canyon, Colorado.

Smith, W. G. 1%35. A report to the British Columbia Game Department on
dgomestic sheep on bighorn range at Bull River, Memo, On flle, Fish
and Wildlife Branch, Cranbrook, British Columbla. 4 pp. (typewzitten).

Spraker, T. R. 1977. Flbrinous pneumonia of bighorn sheep. Trans. Desert
Bighorn Council. Desert Bighorn Council, Las vegas, Nevada. p.
17-18. Las Cruces, New Mexico. April &-8, 1977.

. and C. P, Hibler. This volume. An overview of the pneumonia
complex in bighorn sheep.

Stelfox, J. G. 1974. Range ecology of Rocky Mountain bighorn sheep in
Canadian National Parks. Canadian wildlife Service, Edmonton,
Alberta. 234 pp.

Stewart, 5. 7. 1975. Seasonal ecology of bighorn sheep In the Beartooth
Mountains. M. 5. thesis, Montana State University, Bozeman.

Sugden, L. G. 1%6l. The California bighorn in British Columbla with
spacial referance to the Churn Cresk herd. Flish and Wildlife Branch,
Victoria, British Columbla. 58 pp.

Tnilenius, J. 1975. Alpine range management in the Western United

States. Rocky Mountain Forest end Range Experiment Station, RM-157,
Fort Collins, Colorado.

Thorne, T., G. Butler, 7. varcalll, K. Becker and S. Hayden-Wing. 1979.
The status, mortality and response to management of the bighorn sheep
of Whiskey Mountain. Wildlife Tech. Rept. No. 7, Wyoming Game and Fish

Dept., Cheyenne. 213 pp.

Todd, J. W. 1972. A literture review of bighorn sheep food habits. Spec.
Rept. Mo. 27., Colo. Div. of Wildl. Fort Collins. 21 pp.

312



United States Forest Serviee. 1976, Environmental analysis report.

High
Apsarokee sheep range and Appendix. Gallatin Matiomal Forest, Boreman,
Montana. 230 po.

. 1979. Environmental analysis report. Llvestock class conversion
Tres Plumas cattle allotment. Inyo Natlonal Forest, Bishop,
Califonis. 5 pp.

. 188l. Environmental analysls report. Livestock class conversion

Lone Pine Allotment, San Bernardino Natlonal Forest, San Bernarding,
California.

wagner, F. H. 1978. Western rangeland. Troubled American resource.
Trans. M. Amer. Wildl. Conf. 43: 453-45l.

williams, E. S. end C. P. ribler. This volume. Survey of Colorado and
Wyoming bighorn sheep and mountaln goats for paratuberculosis.

Wishart, W. D., J. Jorgenson and M. Hilton. 1980. A minor die-off of

bighorns from pneumonia in southern Alberta (1978). Proc. M. Am. Wild

Sheep and Goat Council. Idaho Dept. of Fish and Game, Salmon,
229-247. Salmon, [daho, April 23-25,

313



