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IN MEMORIAM
ORVAL GEORGE PALL
1951-1986
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Orval Pall, regional wildlife technician with the Alberta Fish and
Wildlife Division in Calgary, died instantly in a plané crash on Juné 6,
1986 while radio-tracking bighern sheep from the Mt. Allam herd. A native
Albertan, Orval graduated with a B.S5c. from the University of Alberta in
1979 and worked for the Fish and Wildlife Division for 14 years. His
special interest was the mountain liom, but he worked with many species
including squirrel, elk, bear, birds of prey, and bighorn.

Orval Pall was a dedicated wildlife biologist with & keen and
boundless love for knowledge of wilderness, In reverence, love, and
fellowship, we dedicate these proceedings Jn meémory of him, his
enthusiasm, his Friendship, and his ethic.



BILL WISHART RETIRES
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worked hardér for the welfare of the beloved bighorn than Bi11. Since
retirement, his impact upon golf hags not beéeén nearly as productivel Bill
fs curréntly an Adjunct Professor, Deépartment of Zoology, Unfversity of

Alberta.



BEST PAPER AWARDS

Jon T. Jorgenson (left), ATberta Fish and Wildlife Division, received the
Jonas Bighorn Trophy for the outstanding presentation at the conference.
Executive Chafirman Wayne Heimer made the presentation.

presented one of his beautiful drawings to Scott.
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STATUS OF BIGHORN SHEEP OF BANFF MNATIOMAL PARK
TERRY SKJONSBERG, Park Warden, P.0. Box 900, Banff, AB TOL OCO

Abstract: Helicopter censuses from 1984 to 1987 during October and March
for Rocky Mountain bighorn sheep (Ovis canadensis canadensis) in Banff
Mational Park resulted in a summer estimafe of 2200 and & winter estimate
of 1930 bighorns for 1986-R7. Several factors (modest lamb production,
low lamh mortality, stable herd composition, recent mild winters and no
major sourceés of mortality) account for & very £1ow annual increase fn the
population. Between 20 and 30% of the suemer park herds miarated eagttward
to use Alberta winter ranges. Threée major eastern sT1ope watersheds, Bow,
Cascade - Panther - Normer, Red Deer - Clearwater, weré used by park
bighorns.

This study was inftiated to gqather basic {nventory information to
a551st in management of bighorn sheep by Banff Mational Park (BNP) and the
province of Alberta. The time frame of the study was from May 1984 to May
1987. The study area was primarily the eastern slopes of BNP. In
addition, there was some surveys of provincial lands alona the entire
length of the east park boundary and the western half of BNP. The main
study objectives were to: estimate summer and winter populations, fdentify
migration routes, determine the percentage of the population that migrated
outside the park, {1dentify fmportant park and provincial habitats,
determine the percentage of the population that is harvested through
hunting and estimate other mortality sources.

METHODS

A Bell 206 jet ranger helicopter with rear bubble windows was uead
for aerial census during October and March of each year. Flight Tines
were established so that all known and potentfal ranges were censused as
completely as possible. Aerial surveys were flown in accordance with a
survey methodology outlined in the Wildlife Monitoring Plan (Jacobson and
Kunelius 1983: Appendix 1). Maximum flight speed was 50 mph (RO km/hr)
and herds were approached from below $0 that animals ran uphill.
}Ear:ing! cauld not be clearly {dentified and were counted as adult

emales.,

Through repetitive surveys, trained observers, extensive knowledge
of the area from 40 years of warden patrols, several biological studies,
and the fact that bighorn sheep inhabit open alpine terrain the helicopter
census work was judged to be ASE effective im counting the actual animals
present. This assessment is close to the apinfon of Stelfox and McGillis
(1977) of a 751 observation rate. Thus the park population estimates were
raised by 15%. October flights counted bighorn sheep before they left the
park, while the March survey counted animals on winter ranges.



Twenty-four areas within BMP, 14 of which had a provincial land
component had ground surveys. These land units, seasonal-year round range
or travel corriders, varied in size due to terrain features but overall
averaged 8 square miles. A full, one day ground inspection occurred once
a month from June to November. The fnterval between surveys was 3 to 5
weeks. The park warden assigned to survey the area observed and reported
on sheep numbers, movements, habitat wuses, predators and related
influences.

Additional population data was obtained from: incidental wildiife
observations of park wardens, Alberta Fish and Wild1ife survey and hunting
harvest statistics, personal communication with field and academic
wildl1fe experts.

RESULTS

By using 2 combination of helicopter and ground counts to census ENF
in 1986-87 the minimum summer and winter bighorn populations were 1906 and
1682, respectively. These numbers were maximum counts, with no chance of
duplication within the count. ®ased on an B85% observation rate, the
estimated populations for BNP were 7200 and 1930 animals.

The 3 year trend for the bighorn sheep population was a slow
increase, under 5% annually. Summer classified ground counts for the
1984-86 pariod resulted in an average production rate of 25 lambs per 100
females. Based on helicopter surveys, good overwinter survival of lambs
was evident as there was only a 25% reduction from fall to spring. Herd
composition along the eastern slopes average 44% male, 47% Female and 9%
Tambs. A ratio of 94 rams/100 ewes was similar to the ratio of 907100
reéported by Geist (1971) in BNP.

A population reduction of 12% from October to March based on
helicopter surveys in the park does not accurately reflect population
changes due to migration. Bighorns periodically moved back and forth
across the eastern park boundary in spring and fall. In April and May
they used low elevation provincial ranges extensively (Morgantini 1988).
During the fall hunting season, the park appeared to be used as a
sanctuary. At the end of August when the season opened, there was a
westward movement into the park. After the end of October when the season
closed, there was an eastward movement across the park boundary. The
majority of the late season migration was composed of rams that wandered
extensively during the breeding season. They filtered throuah numerous
mountain passes along the éastern park boundary to access ewe bands.

DISCUSSION

Dverall, the trend pofints toward a gradual population increase.
Winter range appears to be a critical 1imiting factor that should become
manifest during a severe winter in the futurse. The estimate af the
migratory component aof the park population was doubled above seasonal
helicopter count differences. Marked and radin-collared bighorns plus
field knowledge and observations indicated that more than 12% of the park
population used Alberta bighorn sheep ranges.



Alberta Fish and Wild1ife statistics show that approximately 65
trophy rams (4/5 curl) are harvested every year near Banff's eastern park
boundary. Between the migratory park rams and provinclial resident rams,
this is roughly 10% of the ram population for the region. An additional
1% of the ram population or 10% of the legal take 1s estimated to be lost
through wounding/crippling by hunters (Eldon Bruns, Alberta Fish and
Wildlife, pers. comm.). Mon-trophy sheep (male lambs or any female] that
potentially use BMP are harvested &t an approximate rate of 22 animals per
year. Mative harvest within the same region averages at Teast 10 bighorn
sheep per year.

Bighorn sheep populations geperally experience an anpual mortality
rate of less than 103 from natura)l predators, primarily cougar, coyote and
wolf (Stelfox 1974). Other natural mortality 1s extremely variable but
may average 10% annually over the long term. Built into this long term
estimate s the fact that a die-off of about 75% of the population has
oCcurred every 25-40 years since the 1800°'s in the mountain parks of
Alberta (Stelfox 1974).

Poaching activity in BNP has rarely been observed but it is thought
that 2 to § Targe trophy rams are taken every year. An average of 11
bighorn sheep per year are lost to highway mortality.

The percentage of the ram population harvest was based on several
estimates; 1.e., the estimated park ram population and the number that
migrate inte the province, the estimated resident provincial ram
population and the hunter information given during mandatory registration
of legal rams. Heavy hunting pressure exists along the eastern park
boundary, but the harvest is not excessive. Other mortality sources
{non-trophy and native harvest, predation, winter starvation and die-offs)
were based on local experience and a number of field studies (Gefst 1971,
Carbyn 1973, Stelfox 1974, Schmidt and Gunson 1985).

Canadian Parks Service, formally called Parks Canada, iz comcerned
about a number of fssues, that affect bighorn sheep as well as other
wildlife. aome  subjects which require future consideration are:
assessment of impacts of development within important wildlife habitats
and the enactment of appropriate mitigative measures; the problems of
bighorn sheep habituatifon to natfonal park wisitors; protection of our
large trophy animals from poaching; unobstrusive and alternative methods
for capture, handling, marking and studying wild animals in thefr natural
environment; a sét of standards for monitoring and collecting data when a
major bighorn sheep die-off occurs; co-operative studies that include
sharing manpower, equipment, eéxpértise and funding to efficiently produce
high quality information on animal populations: development of an Eastern
5lopes Management Plan so that the federal and provincial governments can
jointly manage migratary wildlife.
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STATUS AND DISTRIBUTION OF ROCKY MOUNTAIN BIGHORM SHEEP IM UTAH

TOM S. SMITH, Department of Botany and Range Science, Brigham Young
University, Provo, Utah 84802

JERRAMN T. FLINDERS, Wild1ife and Range Resources Program, 407 WIPME,
Brigham Young University, Prova, Utah 84602

DAVID W. OLSEM, Utah Diwision of Wildlife Resources, Vermal, Utah B407H

Abstract: Historically, Utah supported Rocky Mountain bighorn sheep (Ovis
canadensis canadensis) on its northern mountain chains. From the Tate
T800"s through to the 1960's a steady decline in bighorn reduced the once
numerous herds to fewer than 100 animals. Beginning in 1966 and
continuing up to the present, several transplants and reintroductions have
pccurred to reverse the trend and restore bighorn to their former ranges.
The purpose of this report is to document and review the current status
and distribution of Rocky Mountain bighorns in Utah.

During the past two decades several reports have dealt with the
status and historical distribution of Rocky Mountain bighorn sheep in Utah
(Dalton and Spillett 1971, Stapely 1974, John 1575, Wishart 1978, Thorne
et al. 1984). Population estimates have ranged from as Tow as 200 in 1984
(Thorne et al. 1984) to as high as 350 in 1978 (Wishart 1978). This
report documents the current status and distribution of Rocky Mountain
bighorn sheep in Utah, specifically reviewing transplant histaries. A1)
future references herein to bighorn will refer strictly to the Rocky
Mountain subspecies, though both Rocky Mountain and desert bighorn
subspecies (Ovis canadensis nelsoni) occur in Utah.

Prior to the late 1800's, much of Utah supported large numbers of
Bighorn, the Rocky Mountain subspecies on the northern mountain chains and
desert subspecies in precipitous canyons to the south (Dalton and Spillet
1971). However, by the close of the 1R00's bighorn populations had begun
a4 steady decline, which slowed only by the mid-1930's when record lows
(possibly as low as 100) were reached (Dalton and Spillett 1971). In S0
years, a feéew hundred sheep remained where once perhaps thousands had
roaméd. The usual causes for decline have been cited (domestic 1ivestock
diseases, competition, and changes in the habitat gquality, human impacts,
as well as 1ndiscriminate hunting) though precise reasons are unkown. To
date, fewer than 300 Rocky Mountain bighorn sheep are known to exist 1in
the state. Consequently, this subspécies is not legally hunted in Utah.

TRANSPLANT AMD REINTRODUCTION HISTORY
Efforts to restore the Rocky Mountain subspecies to former Utah

ranges have spanned a 20 year period, including 8 releaset within, and
bordering, the state (Figure 1). Presently, all Rocky Mountain bighorn
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sheep in the state are the résult of these transpiant and reintroduction
afforts. The following discussion and Table 1 summarize data for each
release.

Brigahm City Transplant - 1966

In 1966 the (tah Division of Wildlife Resources (UDWR) began the
initial efforts to reestablish Rocky Mountain bighorn sheep to their
former Utah ranges. These efforts are recountad in detall by Stapely
(1874). A 512 ha paddock was fenced near Brigham City, Utah and over a 4
year perfod a total of 60 sheep were brought in. Plagued by significant
human disturbance, i1legal Killing, and diseases (pneumonia and
bronchitis) the transplant faltered. Ouring the severs wintars of [971
and 1972, hard, drifted snows énahléd the sheep to escape the enclosure to
the surrounding area. 1In 1973 and 1974, many sightings verified that the
sheep had not strayed far, having spread out fnts the nearby Willard Peak
ATEA. However, by 1975, sheep sighting had decreased significantly.
Currently none are belfeved to survive (J. Pederson, biologist, UDWR,
pers, comm.). A summary of data is contained in Table 1.

Desolation Canyon Transplant - 1970

Historically, Rocky Mountain bighorn had fnhabited the rugged
Desolation Canyon area of eattern Utah, as borne out by abundant [ndian
petroglyphs and occasfonal sightings up through the 1930°'s. Though
precipitous, the region was extensively utilized by domestic sheap into
the early 1950's (Woody 1973). 1In the 1960's, the Uintah Band of the
Horthern Ute Tribe (Fort Duchesne, Utah), became IJnterested in
reintroducing the bigharn to their former ranges. Extensive field
investigations in search of an appropriate transplant site were conducted.
As a result, the Florence Creek area of Desolation Canyon was selected.
In March, 1970, 9 sheep obtained form Whiskey Mountain, Wyoming, were
released. However, prospects for success appeared poor as the only male
was & l0-month-old lamb. Efforts to obtain additional sheep were rewarded
when Canada's Waterton National Park provided 12 head in April, 1973.
Unlike the first reintroduction, this group 1included 3 adult rams.
Subsequent census attempts failed to locate more than a handful of sheep
fn the Desolation Canyon area. MHowever, in January, 1985, 45 sheep were
sighted near the original release site (K. Corts, biologist, Uts Indian
Tribe Fish and Wildlife Department, pers. comm.). In addition to the 45
counted in 1985, a small band of bighorns wers observed south of the
Reservation lands and were suspected to have dispersed Trom Desolation
Canyon (J. Karpowitz, biologist, UDWR, pers. comm.). Presently, Tribal
Fish and Wildlife personnel estimate the herd to be between 75 to 100 and
slowly increasing (Table 1). Future plans include a study of habitat
selection and home ranges to being 1n 1988.

Mount Mebo Transplant - 1981

Aware of the multiple factors contributing to the faflure of the
Brigham City transplant effort, the UDWR laid plans for a second
reintroduction in the late 1970°s. Again, an enclosure was constructed,
but this time in the more remote area of Mount Nebo, 112 km south-
southeast of Salt Lake City. However, 1t was not unt{l 1981 that higharns



DR S0C = BE6T 1 ormnda,) qyy pomary o)

oy} GET = RAAL 1 Lupmynca,) ) powmsneg o TrT = ipeo] wejdae)
FL = mmiAeg h-._ti_m.-_.l..u__.l_._.._. EATELINO Y
HrARIE wuprpEd uoy| By ey OF T T T OOy JANOED oL
R (L g L)
£E - O = ;eusngy uopepEad oy Tomeaom dpueig 41 e g ST { DOYIN TN Opoy  vRiE1RO 5, mdrry
yEsm) W afod
G = gy daage symsuang] Tuprpnaly
HP: 1718 wapisdians yiq Bueeranuy ippeng 9] 2ma L] Ty Adh I AEps RIRLD ¥uD deag)
O = e il peadier Iy
WEFR T urgpand Loy Yupmacun fwojg  [F Wi | o | QO ymmg g [REORD By
g = s w181 T8 afAsna QA o] L Wl ] TR Ao N Ao PRIEON0 UpTRy
b T e [T Wy [ Ay Imooo (ppeag 61 Bl ] T g Ao o Ao ERALOVID ey
(TP ER T gai i Buineoes
W =g s o A

€1 - 0] = Smfg sHum Appeas g 1T Emd (7 W | Lo Ampmily, TRILOND
Bma § = juno weiij Enuym amnbepea) ™ paneand] (T A3 ] Tl g Aowwp davga, IR sgey wmely
001 - § = iy B, (41 ed A HY2“TNumEmy, [ uaking
g = bumoo gy ioneaL,) Fuimraion) Apwas 60 L B L ap dowa o0/10%D UedmeEsg]

£l B0 f T HYD "THTEE G0

Raigwa 4| W3 4 T HYD "I HIeE RS

ain ) sajigacig pawnlmisa e 0] B T [ NV INUMIEmA,  GOETD
utrjdrimi | - Wi s pompap Q] Wed G TR NYD"INumEmg 0 Ll
g [TE=F 0T PRI A ‘popvacw| djwalg S0 § 'Tam g AL ) Do, SR oy lyegy
g g6l v g upjniry Anmmnmng pust) el LIS L (] LmLg oY e g

oE{]

fhl e vy e emmusogy Cysogg 0 Mg | s ]



became available far the release. In a 2 year period, 1981-1982, a total
of 48 bighorn were relsased into the fenced paddock. In 1981, sheep
received supplemental feed weekly, anthelminthic drug treatments
(fenbendazole) monthly, and appeared to do well. When the first lambs
were born, around June 1, all sheep were released from the enclosure into
the surrounding area. This was repeated for the second transplant of
shegp 1n 1982, By summer 1983, 1t was estimated that the herd had
expanded ta 55 and was on the increase. However, severe winters in 1983
and 1984, coupled with inadequate winter range (limited area and excessive
shrub caver) and intense competition with deer and elk, precipitated a
steady decline. During these winters, sheep abandoned the mountainous
winter range and fed on grass along a nearby finterstate highway.
Biologists speculate that this displacement was the result of stress and
competition. Complicating matters, domestic sheep and cattle shared the
ranges with the bighorn, although it is unknown whether the bighorn and
domestic 1ivestock intermixed. Mumbers declined rapidly until fall of
1987 when 5 ewes were all that remained of the once expanding herd (P.
Tervort, biclogist, UOWR, pers. comm.). Relevant data are summarized in
Table 1.

Bear Mountain Transplant - 1983

Numerous skeletal remains and petroglyphs of bighorn indicate that
the rugged canyons of the Green River corridor of northeastern Utah once
supported a thriving population of Rocky Mountain bighorn sheep. After 2
thorough survey of the area, UDWR personnel selected Bear Mountain, a
plateau incised on 3 sides by sheer cliffs, for & future bighorn release.
In January, 1983, 19 sheep were released followed by a transplant of 17
more in January 1984. By 1985 the herd was estimated to have increased to
54 animals and by 1986 a post-lambing count numbered &67. [n 1987, a total
of 70 sheep was confirmed, making the Bear Mountain transplant one of the
most promising to date. To more effectively manage bighorn, as well as to
enhance transplant success in the future, the UDWR initiated an intensive
research project of the Bear Mountain herd fn May 1988, which continues to
present. This 1s discussed in more detail im Smith et al. (1983). See
Table 1 for herd statistics and additional Information.

Beaver Creek Transplant - 1983

In keeping with the established goal of increasing bighorn numbers
and distribution within the state of Colorado, the Colorado Divisfon of
Wildiife (CDOW) selected the Beaver Creek Drainage and adjacent Cold
Springs Mountain, an the Colorado-lUtah stateline, for a bighorn release in
1382. MNumerous records of early travellers as well as abundant bighorn
petroglyphs {indicated the area had historically supported sheep. In
February 1%83, 21 sheep captured at CDOM's Basalt Ranch were released.
The sheep remained in the vicinity of Beaver Creek until June, 1983. At
that time & radio-collared ram could not be found, apparently having
dispersed from the area. One month later, this ram, in the company of 2
others, was found to have joined the Beaver Mountain herd, 43 km to the
west. The 2 radio-collared ewes released at Beaver Creek did not disperse
and facilitated location of the herd over the next few years. MNumbers
gradually fncreased when on December 23, 1986 a total of 30 sheep were
observed near the release site (J. Ellenberger, biologist, CDOW, pers.



comm.). The herd spends approximately half its time in Utah. Presently,
Colorade has no plans to release more sheep into the area, but will
monitor lungworm levels and populatfon dynamics.

Deep Creek Mountains Transplant - 1984

Having astablished that bighorn sheep once lived in the Deep Creek
mountains, UDWR officials planned to reintroduce bighorn a3 soon as a
source of sheep were made available. The Deep Creek mountains offered
minimal human disturbance, axce)llent summer and winter ranges, and insig-
nificant competition from deer and elk. However, domestic sheep in the
area have been a concern. In January 1984, 18 sheep were obtained from
Whiskey Mountain, Wyoming. Several were fitted with radio-coliars then
released. MNearly 2 years later numbers had rizen to 27, and as of fall of
1947 UDWR personnel censused 35 sheep (P. Tervart, biologist, UDWR, pers.
comm. ). The UDWR presently censuses the population in the fall and
{mmadiately following lambing season. Given a source of sheep, additional
transplants to the area are anticipated. UDWR biologists are optimistic
for the herd's future. See Tahle 1 for a data summary.

Harpers Caorner Transplant - 1984

Presently, 2 populations of Rocky Mountain bighorn sheep Tive within
Dinosaur Mational Monument of the Mational Park Service, both the result
of reintroductions. MHistorically, sheep inhabited much of this area, but
in the early 19%30's a die-off occurred such that by 1944 no bighorn
remained. In 1952 the COOW transplanted 32 bighorn near the mouth of
Ladore Canyon in Colorado, just outside the monument. As of September of
1987, 47 sheep were censused in Ladore Canyon, though biologists suspect
more in the vicinity.

To supplement the bighorn population, a second reintroduction was
made in April, 1984 when 19 head captured in Rocky Mountain Mational Park,
Colorado, were released within monument boundaries at Harpers Corner,
Utah. Reproduction was good in 1984, but the no lambs could be found the
following year. [Biologists surmised that reproduction had failed, in
part, as only 3 males had been released, the oldest being a 2 year old.
In 1986 and 1987, reproduction improved and currently 30 to 35 sheep are
estimated (5. Petersburg, biologist, Natiomal Park Service, pers. comm.]).
The Green River 15 all that separates the Harper's Corner herd from the
Ladore Canyon herd and Park Service biologists do not feel the 2 popula-
tions have yet mixed. The herd spends approximately half of its time in
Utah, the remainder in the Colorado portion of the monument. See Table 1
for a summary of herd data.

Pilot Mountain Transplant - 1987

Straddling the Utah-Mevada border, the 1isolated Pilot Mountains
appearsd to offer a bighorn reiptroduction an excellent chance for
success. In February 1987, the MNevada Department of Wildlife (NDOW)
acquired 20 bighorns from CDOW's Basalt Ranch and released them into the
Pilot Range, 1.6 km from the Utah border (Table 1}. As the sheep were
expected to spend some time on Utah ranges, the UDWR furnished 6 radio
collars and periodically conducts aerial surveys of the herd. Subseguent
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observations indicate the herd speéends Tess than 5% of their time within
the state of Utah (J. Williams, biologist, NOOW, pers. comm.). On June 5,
1987, & lambs were gbserved, though higher production was expected in the
coming weeks. In September 1987, UDWR astimatad the herd at 24 animals
{M. Welch, biologist, UDWR, pers. comm.). Wildiife personnel became
concerned when the BLM reactivated a former domestic sheep grazing permit
within the occupied bighorn range. Currently, interagency management
plans are being developed to ensure minimum negative impacts to bighorns.
Although the transplant is too recent to speculate on its success, bigl-
ogists are optimistic., Habitat quality and condition appears to be good
to excellent and human disturbance minimal.

FUTURE OF ROCKY MOUNTAIN BIGHORN SHEEP IN UTAH

Theé Utah Division of Wildiife Resources 15 vigorously pursuing
réeastabl ishment of Rocky Mountaim bighorn sheep to all available habitats.
As evident elsewhere 1n mountain sheep ranges, a source of sheep for
reintroductions 1s an obstacle. Nonetheless, UDWR hopes to include
bighorns from various capture sites in subsequent releases to insure
greater diversity and to prevent problems relative to genetic drift or
founders effect. A statewide strateqic management plan has been drafted
to identify and prioritize reintroduction sites, evaluate and improve
habitat quality and to closely monitor and manage reestablished
populations.

Close coordination with federal Jand management agencies 1s
developing to identify and improve sheep habitat. An intensive management
research project at the Bear Mountain site was inftfated in 19856. Results
n; this research will be utilized for tuning bighorn management throughout
the state.

SUMMARY AND COMCLUSIONS

The past ? decades 1n Utah have not only seeén the extirpation of all
native Rocky Mountain bighorn sheep but also the importation of 242 sheép
from sources outside Utah. These sheep have been utilized in 15 releases
at B locations throughout the state. Now, 22 years after the First
reintroduction, the minimum statewide Rocky Mountain bighorn population
totals 239 animals, or approximately the same number as has been brought
in for reintreductions. Considering the highest estimated number of Rocky
Mountain bighorn in Utah, 309, at best the state has seen an increase of
28% in 22 years. OFf B reintroduced herds in 2 decades, 2 have been
complete failures while the other 6 have met with variable success, Of
the 6 “Utah" Rocky Mountain bighorn herds in existence, only 3 are
completely within state boundaries, totalling at least 150, and at most
205. One of these 3 herds falls within the boundaries of the Ute Indian
Tribe Reservation. Currently, the Bear Mountain transplant has the

highest verified count, though the Desolation Canyon population may exceed
it.
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Eﬂi?gluﬁ BEHAVIORS AMONG DIFFERENT AGE AND SEX CLASSES OF ROCKY MOUNTAIN
g

EL] HOLMES, Department of Bioloqy, Stanford University, 5Stanford, CA,
UIS‘IAF 9"'3”5

Abstract: Social and foraging behaviors of Rocky Mountain goats (Oreamnos
americanus] within nanny bands were studied on the alpine tundrd af ME.
Evans, Colorado from 19 July to 10 September 1987. Females and young (1
to 3 years) males were compared to f{nvestigate the possibility that
differential behaviors during feeding encourage these males to leave
nursery bands. Averaged over all group sizes, vearling malesz and females
were similar in feeding, alert and social time. Analyzed by group size,
however, yearling males' foraging time decreased with increased group
size, while adult females' Foraging time increased. Alert time of
yearTing males was higher in larger groups, while adult females' was
lower. Yearling females Feeding and alert time was not correlated to
group sfze. Two and three-year-o0ld males were similar to nannies and
barren females 1n feeding and alert time; however, these males spent
significantly more timeé in aggressive behavior than all other classes.
Social time was independent of group s7ze For all classes. The increasad
aggressive time of young males in nanny groups and the adverse effects of
larger group sizes specifically on yearling males encourages young males
leave the female bands. Further examination of group posftioning within
these groups may explain the negative effects of increased groups size on
yearling males.

The social organization of mountain goats is characterized by the
formation of segregated male and female herds. This segregation seems to
occur after males are 2 years old. Typically there are separate nursery
bands, small bachelor male groups and solitary males. Why should this be
the case? There are many examples of species that live in mixed herds
(Estes 1974, Jarman 1974, Sinclair 1977).

Although segregation among mountain goats has not been studied in
depth, it has been examined in a number of other Northern ungulates.
There are four main theories for herd segregation:

(1) Parental -offspring competition.--Geist and Petacz (1977}
suggested that bighorn males leave nanny groups to limit competition with
their own offspring. However, male goats leave the nanny groups before
their first rut. These young males are not very successful in their first
ruts (Gefst 1964); therefore, they do not begin contributing their own
offspring to the nanny groups until at least 2 years after leaving the
band. Competition with their own offspring is, therefore, non-existent or
mingr for the young males that leave the nanny groups.

(2) Differential metabolic requirements of males and females.--In
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general males and females have different metabolfc needs due to size
dimorphism, differential reproductive activities and parental output
(Kleiber 1961: Gasaway and Coady 1974). nifferent metabolic requirements
are correlated with differential habitat use (Belovsky 1978). In order to
maximize intake, males and females must feed in different habitats. Adult
male and female goats have 1ittle size dimorphism; therefore, any
metabolic differences between them is mainly due to different reproductive
activities or parental output. Neither 2-year-old females nor 2-year-old
males engage in reproductive activities. Thus, the metabolic costs for
gach should be similar, but young females stay fn the group while males
leave. farren older females also stay with the nanny groups. 1f
di fferences in metabolic needs are responsible for segregation, 2-year-old
females and barren females should also leave.

{3) Manny-male competition.--Clutton-Brock et al. (1982) theorized
that red deer females expel young males to reduce competition for forage.
Mountain goat nannies drive males out of female bands in some instances
(Reisenhoover and Bailey 1985; Chadwick 1977). However, 2-year-old
females are not expelled; although, they also compete for forage.

(4) Male aggression.--1t has suggested that nannies force young
males from the group because the males are more aggressive and increase
the danger to hoth females and kids. In the Mt. Evans population,
Risenhoover and Bailey (1985) found that mannfes were the most aggressive.
Two-year-old males were no more aggressive than 2-year-old females.
Yearlings (male and female) directed 50% of their aggression toward other
yeariings, 34.3% toward 2-year-olds and only 13.8% to nannies and kids.
While 12.5% of nanny aggression was directed to other mannies. Therefore,
young males do not pose a greater threat than other females to nannies and
kids due to higher aggression.

The current theories on ungulate herd segregation do not adequately
explain sexual segregatfon fn mountain goats., This suggests that there
are other factors causing segregation. To investigate interactions
influencing the social structure of male and female goats, this study
examined the foraging behaviors and group spacing of different classes of
mountain goats in order to determine 1f the classes behave differently
within nanny bands. Such differences, 1f present, will help uncover the
benefits and disadvantages that different goats derive from befng 1n a
group. Conversely, they will also indicate the advantages or
disadvantages to females of males being within nanny groups. The effects
of group size on the different goat classes was examined because group
size was shown to have a large impact on goat behavior (Risenhoover and
Bailey 1985).

I am indebted to Professor James Bailey at the University of
Colorado, Fort Collins who was instrumental in the initial phases of the
research, He provided technical, leogistic, and academic support during
the field stagqe of my research. I would also 1ike to thank Dr's. Carol
Boggs and J. Roughgarden from Stanford University whose knowledge and
scholarship contributed greatly to the analysis of the results and the
quality of the exposition. Finmally I would like to thank Ralph and
Loraine Reiner at the Upiversity of Denver High Altitude Laboratory for
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their hospitality and assistance. Without their technical support the
fleld work would have bean difficult if not impossible.

STUDY AREA AND METHODS

Mount Evans (4346 m) is in the Colorado Front Range approximataly
45 km west of Denver, Colorado. The peaks of Epaulet Mountain and Rosalie
Mountain were also in the study area. The vegetation in the study area 1s
aopen alpine tundra.

Although the herd is hunted, the goats are habituated to people as
the alpine areas are accessible via & paved road and there 15 heawy
traffic along the road during the summer. This provided an excellent
opportunity to study goat behavior as the goats could be approached quite
closely (within 20 m). Foraging behavior of goats within nanny groups has
been previously described on Mt. Evans although not analyzed by goat age
or sex (Risenhoover and Bailey 1985).

From 25 July 1987 to 26 August 1987, 130 foraging mountain goat
nanny groups were videotaped for 5 min periods. HNanny groups were defined
as any group containing at least | nanny and kid. Filming occurred
throughout the day in various weather conditions. Filming lacations were
mafnly open alpine areas, but also in rocky (not cliffz) and wet alpine
areas at a distance of 20 to 200 m. Group composition and the class of
fndividual goats were fdentified in field. Goats were separated into five
classes: nannfes, barren adult females (no kid), yearling females,
yearling males and adult males (2 years or older) using horn character-
istics, external genitalia, urination posture and nanny-kid association.
Individual goats were filmed in different groups on different days.

From the tapes, the time spent in feeding, alert, social behavior
(Table 1) and the foraging steps per minute during the observation period
{4 to 5 min) were recorded. The class of and distance to the nearest-
neighbor at 1 min intervals were also recorded. Data were taken for 2 to
10 goats per group and 1f possible, at Teast 2 goats im each class were
observed. For each group, the data for each class were then averaged.
Data were not recorded for kids although they were counted in the total
group size.

Table 1. Classification of mountain goat behaviar (adapted from
Risenhoover and Bafley 19858),

Type Description

Feeding Ingesting forage; looking at forage; moving toward forage.
Head oriented toward the ground.

Alter Surveying surroundings. Head upright. Often fn alarm posture
{head fully upright and rigid hudr?.

social Interactions among goats; play; aggression; display; leoking

at other goats; moving toward other goats.
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The feeding, alert and social behaviors were recorded as the percent
of the observation perfod spent fn each behavior. (Overall differences
between the 5 classes were determined with planned comparisons (from ANOVA
analysis) and Scheffe's comparisons (unplanned) after the perceéntages were
normalized with an arcsin transformation. A non-parametric test
(Friedman-Rafshy test) was also performed on the foraging behaviors data.
For each class, these behaviors were then tested for correlation with
group size by calculating the correlation coefficient (Sokol and Rohlf
1981).

RESULTS
Foraging and Alertness

Foraging behaviors were recarded for 60 nanny groups ranging 1in size
from 2 to 319 goats. Averaging all groups together, adults ?nann{e:,
barren females and adult males) were significantly more alert than
yeariings (male and female). MNannies were more alert than barren females
but not more than adult males. Yearling females and males were not
significantly different. Adult males were significantly more aggressive
than all other classes (Table 2, Figs. 1-3).

168 =

mean forage time (K)

?ﬂ ] - o i] L] 1] L) T ¥ T
Harnies Barren F Yearling M Yeariing F Aduit M

Figure 1. Mean percent of time spent in Foraging during 130 five min
observations on Mt. Evans, Colorado, late July to early September 1987,

Data was averaged over all qroup sizes. Fiqure ipcludes the standard
arror of the mean.

When foraging data were correlated to group size, nannfes’' foraging
time increased with {ncreasing group size up to approximately 15 goats/
group after which it levelled near 95% foraging time. MNannies in 2 large
groups (32 and 38 animals) foraged less (Fig. 4A). Similarly barren
females fincreased feeding time 1in larger groups, however, without the
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Figure 2. Mean percentage of lime spent in aleriness during 130 five-min cbservations
on Mi. Evans, Colorado, late July to early Septembar 1387. Dala was averaged over all
group sizes. Figure includes the standard error of the mean.
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Figure 3. Mean percentage of tima spent in social behavier during 130 five-min
chsarvalions on MI. Evans, Colorado, late July 1o early September 1987. Data averaged
over all group sizes. Figure includes the standard emor of the mean.
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Table 2. Mean proportion of time spent in foraging, alert and social
behavior for each goat class. In order to normalize the data, the
proportions were arcsfn transformed (x = arcsin(proportion)); thus, the
proportions do not sum to 1.0. Significance is based on results from
planned comparisons and Scheffe's comparisons (in parentheses) Scheffe's
test 1s a conservative test to account for making ma: ycomparisons.

Mean proportion of observed time

Class n Foraging Alert Social
Mannies 75 899 . 185 .07
Barren females a7 1.112 121 006
Yearling famales a4 1.240 062 017
Yearling males 65 1.200 069 012
Adult males 13 .963 . 186 042

Significance (p <}

Comparisons:
Adult vs yearlings ns (ns}) .008(.01) .75 [ ns)
Mannies vs barrens ns (ns) 05 [ ns) T8 [ ns)
Yearling males vs females ns (ns) .75 | ns) .75 [ ns}
Adul ts females vs males ns (ng) 75 { ns) .001(.10)
Adults w/o kide vs nannfes ns {ns) 10 [ ns) .50 { ns)
Nannfes vs yearlings ns (ns) L005(.01) 50 ( ns)
Adult males vs yearlings ns [ns) .025(.10) .50 { ns)
Adult males vs barrens ng (ns) -25 [ ns) 0011 .10}
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Figure 4, Foraging and aleri behavior of nanny and barren female mountain goats in
refation fo group slze on Mount Evans, Colerado, late July 1o early Septambar 1987,
Foraging and alert behavior expressed as the average percant of lime spant in aach
bahavior during the obsarvation period, Each point is the average of all the geals of the
specified class in that group. On graph A, a linear regression io the poinis has

A= .48 I:p < .'&5_51
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dgecline in foraging time in larger groups (Fig. 48]. The fincrease in
feeding time in larger groups corresponded to the decrease in alert time
with increased group size for nannies and barren females (Ffgs. 4C and DJ.

Although yearling male and female foraging behaviors were not
different when averaged over all group sizes, they did show differences
when correlated to group size. Foraging times of yearling males declined
with increased group size (Fig. S5C). This decline corresponded to higher
alertness in larger groups (Fig. 50). On the otherhand, yearling females
did not significantly increase in foraging within larger groups. Alert
time of yearling females was lower in large groups compared to smaller
groups, but this was not significant (Figs. 5A and B).

focial Behavior

The percent of time spent in sacial behavior was not correlated with
group size for any class; however, because goats were only studied for §
min periods, 1ittle social behavior was recorded for individual goats.

Nearest-Neighbors

Adult males stayed the farthest from other goats 1n nanny bands,
averaging 3.5 m from their nearest-neighbor. Other classes' average
neargst-neighbor distances were 1.9 to 2.9 m. The distance to their
neargst-nefghbor did not significantly differ (p > .05) between nannies,
barren females and yearlings. Differances between qoat classes, however,
were seen in the class of the nearest neighbor. The nearest-neighbor of
adult males was most often a nanny. Hannies and barren females ware
equally likely to be near each class. VYearling males and females were
mostly likely found near another yearling (Fig. &, Table 3). MNearest-
néighbor distances wére not correlated to group size for any class.

20 5

Nearsst Nelghbar
Class

B Manny

B Barren Female

B vear!ing Female

Year!ing Male

Fercent of Hearest

Melghbor Observations

B )
S AR b b Rt

Maries  BarrénF Yesrling M YeariihgF  AduIt M

Figure &. Standardized frequencies of the nearest-neighbor classes for
nanny, barren female, yearling feamle, yearling male and adult male moun-
tain goats, Mount Evans, CO, Summer 1987. The observed frequency of a
certain class being the nearest-neighbor was standardized by the observed
proportions of each class in the study groups {35.6% nannies, 21,.5% barren
females, 24.8% yearling females, 14.1% yearling males, 4% adult males).
Not enough data was avatllable to include adult malasg.
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Figure 5. Foraging and alert behavior of yearfing male and famale mountain goats in
ralation 10 group size on Mounl Evans, Colorado, lale July lo early Seplember 1987,
Foraging and aler behavior expressed as the average percent of time spont in aach behavior
during the observation period. Each point is the average of all the goats of the spacified
class in that group. If the high alertness data point on graph D (group size 38) is removed,
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DISCUSSION
Foraging Behaviors

This study found that larger group size had a positive or at least
neutral effect on the foraging time of females but had a neqative effect
gn the foraging time of vearling males, This was due to increased alert
time for vyearling males and decreased alertness for females n large

groups .

This adverse effect oF Targe group size on yearling males may lead
to segregation by encouraging young males to leave large nanny bands.
Young males cannot avaid large nanny bands if they stay with the same
ifndividual females. Fidelity to oné set of goats was seen in females in
this populatfon and in the Gladstone Ridge population of the Sawatch
range. Throughout the course of a day or number of days, a group of
females on Mt. Evans will combine with other groups toa form larger
foraging bands and that new group may later combine with another to form
an even larger band. Unless male goats Jeave goat groups whenever they
become too large, they must forage in different size groups at different
times. The disadvantage of foraging within large groups encourages
yearling males to efther shift from small group to small group or to leave
the nanny groups altogether. In this situation the young males must spend
4 large segment of their time gutside of female bands after they have left
a band that became too large and before they have found another smaller

group .

Why is there a4 differential affect of group size on male and female
benavior? The advantages of large groups for predator defense and detec-
tion are well known for many animals (Bertram 1978) including ungulates
(Berger 1978 and 1983, Halls 1984, Underwood 1976). Increased security
#llows decreased individual alert time and fincreased foraging time.
Female goats with kids arée more wvulnerable and at the same time have
higher forage intake and quality needs while lactating. Foraging in large
groups 1ncreases their security, allowing them to feed in open areas with
more abundant forage. Competition increases and social interactions alse
increase, however, resulting in a higher 1ikelthood of fnjury. Goats are
dangerously equipped with sharp harns and vislent contact causes sfgnifi-
cant damage (Geist 1964).

For nannies, the risk of injury 1% evidently outweighed by the need
for increased foraging opportunities. Barren females do not have higher
metabolic neads due to lactating; therefore, increased foraqing opportun-
ities are not as important while the risk of injury is still increased.
This risk, however, 15 diminished for both nannies and barren females due
to established dominance hierarchies that seérve to reduce the chances for
violent contact.

While fincrease foraging and decreased alert time was observed for
nannies and barren females, yearling females showed only a slight (not
significant) increase in foraging time due to lowered alert time.
Yearling females have lower metabolic needs than adult females due to
their smaller size (Kleiber 1961). This may account for the lack of a
greater increase in foraging in the larger group sizes.
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A stromg foraging time to group size relationship 5 not expected
for yearling males because like yearling Females they have lower metabolic
requirements but this could not cause a negative relationship. There are
three factors that could have caused the increase in alertness:

1) Yearling males feed on the periphery of nanny bands. In the open areas
where large groups feed, the periphery is the most vulnerable and
higher alertness is expected for these periphery goats. The relative
position of yearling maleés in foraging bands can easfly be examined.
In this study, the Few adult males observed foraged on the periphery
groups, generally far from their nearest-neighbor. Such pasitioning
was not clear for yearling males and could not be quantitatively
studied because the position of goats relative to the group was not
directly examined.

2) The distance to escape terrain not the group size causes the increaase
in alert time. The relationship, if any, between distance to escape
terrain and alertness can be easily tested by measuring escape distance
for different foraging bands.

3] The alert behavior of yearling males in large aroups 1s not actually
“alert" behavior, but relations to other goats that are
indistinguishable from scanning the area for danger. While observing
goat bands at close range, [ found goats very vocal and continually
making small body and head motions to which other goats respond. These
vocal responses and small motions cannot be detected except a few feet
from a group. The increased alertness of yearling males may actually
be such responses. In this case, the alert behavior is not scanning
the area for danger from without but scanning the group for danger from
other goats.

This s only one look at sexual segregatfon fn mountain goats.
Obviously other Factors such as male aggression and forage preferences
most 1ikely play a4 role in segregation. It does indicate, however, that
differences 1n the foraging behaviors of yearling males and females
encourage segreqation.
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Abstract: Agonistic behavior within foraging groups of mountain goats
{Ureamnos americanus)| was studied both at and away from an artificial food
balt for 2 winters in south-central Colorade. OQuring this study, 2
frequently observed marked nannies belonged to separate, relatively stable
groups of mostly female goats. Of these 3 nannies, the oldest and most
dominant was most often seen at the bait, had the smallest home range, and
was most likely to be near the bait site. Results suggested that social
groups persisted within this population. We speculate that: the groups
observed were matrilineal; there may have been resource partitioning among
groups, and; groups led by older more dominant nannies achieved priority
access to preferred resources.

Relations between social behavior and density-dependent population
regulation in mountain goats are not understood. It is Tikely that social
behavior influences population regulation in a K-selected species, such as
mountain goats, by distributing goats in relation to the physical habitat
and available food resources (Kuck 1977). On ¢1iff winter ranges areas
with optimum snow-shedding characteristics (Adams and Bafley 1980) are
distributed patchily, as are food resources, which occur on benches or as
scattered trees and shrubs. These patchy resources are used by small,
stable groups of goats (Brandborg 1955, Smith 1976, Chadwick 1977), in
which the rate of agonistic behavior among goats is high (Chadwick 1977,
Dane 1977), Results of several studies cited below, indicate there are
matrilineal relationships within these groups.

The social system of mountain goats has been described as a
dominance hierarchy based upon defense of a mobile personal space
(Chadwick 1977}, and adult females appear dominant in winter (Chadwick
1977, Kuck 1977, Smith 1977). Female-subadult groups are common during
summer and winter, and adult males use ranges separate from
female-subadult groups (Geist 1964, 1974; Chadwick 1977; Kuck 1977;
Stevens 1983; Risenhooveér and Bailey 1985).

Mountain goat kids wusually remain with their mothers for 10-11
months (Brandborg 1955, DeBock 1970, Foster and Rahs 1982, Chadwick 1983),

lprosent address: U. 5. Fish and Wildl4fe Service, Arctic NMWR, Box 20, 101
I2th Avenue, Fairbanks, AK.



and TYonger associations have been reported when the female does not
produce a new kid [Hutchins and Hansen 1980). A prolonged nanny-juvenile
bond could confer survival advantages to the offspring, and possibly
increased reproductive fitness to the female (Trivers 1974, Hutchins and
Hansen 1980, Clutton-Brock et al. 1982).

Density dependence has been observed in our study herd. Six
mountain goats were introduced onto Sheep Mountain, in the Sawatch Range
of Colorado, fn 1950 (Rutherford 1972). Reproductive success (measured as
kfid:older animal ratfos) of these goats declined by 47%, beginning in
1976, after the herd had doubled in size during 1970-1975 (Adams and
Bafley 19%82). We hypothesized that social mechanisms influenced this
density-correlated decline in reproductive success.

We studied agonistic behavior of foraging mountain goats during 2
winters to explore social mechanisms of population regulation (Masteller
1987, Masteller and Bafley In Press). Ouring this study, it appeared that
goats wintering on the study area were members of distinct social groups.
While the data were not conclusive, we are reporting our findings and
proposing further research.

This study was supported by the International Order of Rocky
Mountafn Goats, the Natforal Rifle Associatfon, and the Boone and Crockett
Club. Legistical support and advice was provided by R. Hancock and S.
Ogilvie, Colorado Division of Wildlife, and B. Lyons, U. 5. Forest
Service. The Division of Wildlife provided food pellets for use as bait.
L. Adams, D. Houston, D. Reed, K. Risenhocover and Z anonymous reviowers
provided constructive criticism of an early version of the manuscript.

STUDY AREA AND METHODS

Sheep Mountafn is approximately 14 km west of Buena Yista, in south-
central Colordao. Vegetation fincludes conifer forests, old burns with
quaking aspen (Populus tremuloides), and mountain shrubs. Cliffs and
outcrops dominate most south and southeast exposures. The geology, flora
and vertebrate fauna have been described by Adams (1981).

Goat behavior at Shesp Mountain was observed during November-April,
1984-B5 and 1985-86, with LOX50 binoculars and & 15-60X telescope. Obser-
vations were recorded on tape. Goats were classified by horn characteris-
tics, rostrum length (relative to head size), urinating posture, sfre, and
associatfon with 2 kid (Brandborg 1958, Smith 1976, Chadwick 1977). Two
and 3 collared females of knmown age were consistently preseat during the
first and second winters respectively. For these goats, ages in 1986 and
years when first collared and aged were: 9.5+years, 1979 (Goat no. AST):
9.5 years, 1979 (R96); 3.5 years, 1985 (YBS).

A Tocalized, potentially-defendable food resource (diameter = 1 m)
was established near steep cliffs on Sheep Mountain in late Movember 1985.
Data were collected at the site during January-April, 1986. When goats
wetrd seen at or away from the bait site, group size and composition,
location, and presence of marked animals were noted. Goats were grouped
into 10 classes; adult-female-with-kid (FK], or with no kid (F); adult
male (AM); unidentified adult (U); 2-year-old male (2M), female (2F) or
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unidentified (2U); wvearling (Y); kid-with-female (KF), or without female
[K]). Interactions between marked females were used to determine
dominance.

Group sizes were compared between marked nannies with a t test
[Statistical Graphics Corporation 1985). Home ranges were calculated as
minimum-area polygons (Mohr 1847). 1f goats were located more thanm once a
day, only the first sighting was used in home range analysis,

RESULTS

Mountain ogoat groups were observed 1,111 times on Sheep Mountain
during the 2 winters. Goats sometimes congregated at the bait site. No
goat or group of goats continuously defended the baft from other goats
(Masteller 1987, Masteller and Bailey In Press).

Grouping Behavior

In 1986, the 3 most frequently observed marked nannies appeared to
belong to different social groups. Each of these females was most often
séen in groups without either of the other marked nannies (Table 1), and
the attraction of the bait appeared responsible for most instances when
marked females were séen in the same group. OF 13 sightings including any
2 of these marked pannies, 62% were within 200 m of the bait site, and all
3 sightings including all 3 nannfes were within 200 m of the site.

Average group sfze (excluding kids and groups with other marked
nannies) was less for 1 nanny (Table 1), but varfation in mean group size
was similar among the 2 nannies. The most frequent group sizes were 7, 5
and 3 for B5S7, R9E& and YBS, respectively (Fig. 1). Group composition of
the most fregquent group size of each female was relatively stable (Table
2. The 2 oldest nannies were most likely to have subadults (other than
kids) in their groups, and were not seen with adult males. Comparing the
2 oldest nannies, the dominant (B57) had the highest average numbers of
kids and adult females in her group.

Agonistic Behavior Among Marked Individuals

During January-April 1986, dominance relationships were established
for the 3 marked nannies by obsérving interactions both at and away from
the baft. B57 dominated both R96 (4 times) and YBS (3 times), and R9%
dominated YBS (1 time)}. The oldest and most dominant goat, BS57, was most
often seen at bait, had the smallest home range, and was most Tikely to be
nearest the bait site (Table 3). However, the home range of each female
included the bait site (Fig. 2). 1t was not possibie to establish
dominance relations among other members of the 3 groups because the goats
were not marked.

DISCUSSION
Matrilineal Groups

The socfal groups we found were mostly female, perhaps related,
individuals, For mountain goat kids, metabolic weaning fs wusually
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Table 1. Grouping behavior of the 2 most freguently observed marked
nannies, Januvary-April, 1986, Sheep Mountain, Colorado.

Sightings without Ave., group
No. of other marked size without
?anny Aged Rank sightings female present (%) kids
5)
B&7 §.5+ 1 34 72 4.1 (1.7)
R9E 8.5 2 20 87 4.6 (2.3)
YBS 3.5 3 4 a3 3.20(1.6)

2 Ages were determined when goats were collared in ear]ier years,

b Significantly lower than both BS7 and R96 (P < 0.05 and P <
0.01, respectively).

completed by 3-4 months of age; but complete behavioral weaning may not
pccur until 1 year (Brandborg 1955, DeBock 1970, Foster and Rahs 1982,
Chadwick 1983). Hutchins and Hansen (1980) reported several cases of
yearling and 2-year-old offspring being “retained" by female goats which
had either lost their young-of-the-year or failed to conceive. These
retained offspring maintained a close relationship, including close
physical contact and some nursing, to their mother.

Females and their daughters [(and sometimes sisters) have been shown
to maintain matrilineal bonds in Cervus sp., Capreolus sp., and Odocoileus
sp. (Clutton-Brock et al. 1982; Franklin and [feb 1979; Bubenik 1055,
reported in Lent 1974; Hawking and Klimstra 1970; Dasmann and Taber 1956).
There are 4imflar indications fn the Tittle-studied Nemorhaedus sp..
Capricornus sp. and Rupricapra sp. [(Myslenkov 1978, Fishimoto 1981,

achiatko and Nieverge y the closest relatives of Oreasmnos

americanus. In Africa, matrilineal groups occur in Alcelaphus $p. and
Loxodonta sp. (Gosling 1969, review in Leuthold 1977).  In most of these
unguTates, associations are maintained between a mother and her young-of-
the-year and female yearling, but in extensively-studied populations the
association sometimes extends to older daughters and sisters
(Clutton=-Brock et al, 1982, Hawkins and Klimstra 1970).

The sizes of matrilineal groups in ungulates may depend on: 1) age
of the female, 2) sex of previous young, 3) dominance of the female, and
4) habitat characteristics such as visibility and forage continuity (Estes
1974, Jarman 1574, Owen-Smith 1977, Cluttton-Brock et al. 1982). There
are apparent limits on matrilineal qroup size, however. In red deer
(Cervus elaphus), "clusters" were usually Tess than 4 related animals, but
clustars up to 7 occurred (Clutton-Brock et al. 1982). Hawkins and
Klimstra (1970) reported that 8 white-tailed deer [QOdocoileus virainianus)
was the maximum number found together. Our oldest, most dominant nanny,
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Figure 1. Frequency distributions of group sizes for the 3
mountaln goat nannies of known rank, January-April, 1986, Sheap
Mountain, Colorado. The rank order was B57 > R9& > YBS.
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Table 3. Dominance, home range, and access-to-baft Ffor the 31 most
frequently observed marked females, January-April, 1986, Sheep Mountain,
Colorado.

Ho. Times Aveérage Distance (m)
Dominance seen Home of all sightings
Goat Aged  Order at bait  Range (ha)b to bait site (M)
857 9,5+ 1 15 34 208  (41)
R96 9.5 2 10 219 7684 (31)
YRS 3.5 3 5 85 e [37)

@ pges wers determined as 3.5 or 3.5+ when goats were collared in
earlier years.

b calculated with minimum-area polygon method.

© Lower than both R96 and YRS {1 < 0.001 and P < 0.01,
respectively).

d Greater than YBS, F < 0.05,

B57, was most freéequently found in & group of 7 ([Fig. 1), which was the
largest modal group $1ze For the 3 marked nannies.

Resource Partitioning

Thera were indications of resource partitioning between the mountain
goats we observed. The dominant nanny was most often seen at bait, had
the smallest home range, and was most 1ikely to be near the baft site
(Table 3). However, this may be an artifact of the bait location. 1If the
bait was placed within the home range of only 1 nanny, other nannies would
have to extend their home ranges to visit the bait and may therefore be
toen at bait less often.

Resource partitioning may vary with environmental conditions such as
snow depth (Petocz 1973). During an unusually harsh week=Tong snowstorm
in February 1986, the 3 nannfes (and the unmarked goats associated with
them) remained separate and were especially sedentary, with the 2 oldest
nannies in the steepest cliffs. BS7 and her group used the c¢1iffs
directly below the bait site during this stoem. Kuck [1977) felt that
dominant nannies occupied the best habitat (steep, snow-shedding slopes),
and that when these nannies were removed subordinate nannies moved from
marginal habitats to replace them.

The ancestors to mountain goats were probably terrftorial (Chadwick
33



1983). Indeed, mountain qoats wintering on native ranges exhibit
territorial =1ike behavior (Walther et al. 1983): fidelity to small home
ranges (Smith 1976, Rideaut 1977, Kuck 1977), high rates of aggression
(Chadwick 1977, Dane 1977}, small group sizes (Smith 1976, Brandborg
1955), and dispersal of young (Rideout 1977, Smith and Raedeke 1982).
Additionally, serow (Capricornis crispus) and goral (Nemorhaedus caudatus)
exhibit territorial ity SNImOLo 1, Myslenkov 197/8)].  Hesource
partitioning among soctial qroups of goats on winter ranges could be a
manifestation of territorial ancestry.

Dur results suggest there may be distinct social groups of goats on
this wintering area, and the literature suggests these groups may be
matrilineal groups. While mnot conclusive, there 15 some supporting
evidence from a non-native goat population in Washington (Hutchins and
Hanson 1980).

ODur results further suggest resource partitioning among these social
groups, similar to that described for black-tailed deer (0. h.
columbianus) by Miller {1974). Although no group of goats continuousTy

defended the food resource, there were indications that one group had
priority access to it (Table 1). If social groups exist in mountain

goats, understanding population regulation in this species will require
studying both inter- and intra-group variation in reproduction, survival
and dispersal (Clutton-Brock and Albon 1985). Knowledge of these group
relations may be necessary For evaluating fmpacts of harvests, especially
of females, upon goat populations.

Differential resource partitioning among groups has implications for
possible supplemental feeding of goats during winter. Goats readily
accepted the food bait (once they found 1t), but in a concentrated
supplemental feeding situation the subordinate goats most in need of food
would have least access to 1t. Espmark (1974) described similar problems
among roe desar at winter feeding stations in Sweden.

The work of Hutchins and Hansen (1980), Stevens (1983),
Clutton-Brock et al. (1982), and Lent (1974) represent important first
steps in the study of social groupings among Qoats and other unqulates.
While Chadwick (1977) and Singer and Doherty (1985) found no strong
evidence of extended associations between individual mountain goats,
determining existence of associations such as matrilineal groups requires
a2 large number of marked animals (see Clutton-Brock et al. 1982:189) and
long-term research.
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TOWARD A WORKIMG MYPOTHESIS FOR MOUNTAIN SHEEP MANAGEMENT

WAYNE E. HEIMER, Department of Fish and Game, 1300 College Road,
Fairbanks, Alaska 99701

Abstract: Working models of species biology (working hypotheses) are the
Basis of management decisions, and should form the basis for management
planning. Unfortunmately, working hypotheses have seldom been articulated
The purpose of this paper is to demonstrate one method for developing a
working hypothesis by giving an example for Dall sheep (Ovis dalli daiii).
Components of the ecology of Dall sheep were fdentified. These included
population biology, range resource limftation, habitat component {mpor-
tance, predation, weather, and disease 1influences, and management of
hunting and disturbance. The data base about each component was reviewed,
and simple predictive statements with qualification were prepared. Some
discussion of the bepefits of working hypotheses to researchers, planners,
and managers 1s included.

It 1s unusual for sheep managers to have large, situation-specific
data bases upon which to make management decisions. Consequently, most
sheep management responses are based on limited data tempered by the
manager's impression of what is appropriate at each opportunity. Working
management hypotheses (data-based predictions of how sheep are likely to
react to the spectrum of possible uses or abuses) have seldom been
articulated, and are not generally available to managers and planners
unless they also happen to be specfalists in sheep ecology. Published
working hypotheses predicting probable sheep responses to specific
ecological sftuations should provide a basis for setting sheep management
pelicy, improve management planning efforts, and aid sheep managers in
identifying first-response management options. Working hypotheses should
also improve research planning by defining management-relevant questions.

DEFINITION

For purposes of this discussion, a working hypothesis is a data-
based working model of species biology which i1s relevant to possible
species uses or abuses. It should be predictive statement which
integrates the avaflable biological knowledge with management experience
and summarizes the known aspects of species biology, management
experience, and probable reactfon to specific potential management actions
or concerns. It should not be thought of as a definitive statement of the
natural history of the managed species, and all involved persons should be
continually reminded that the hypothesis requires constant testing, re-
examination, and modification as management and research proceed. That
is, it 1s Jjust our best guess about how any species will respond to
management options.
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METHODS

Components of mountain sheep ecoleogy which have been found to be, or
are anticipated to be, important in wild sheep management were 1dentified.
These included population biology, nutriticnal range limitatiom, habitat
components, predation effects, weather influences, disease influences, and
disturbance effects.

Once these aspects of sheep ecology were identified, documented
knowledge produced by research over the years, management experience,
anecdotal information, evolutionary relevance, behavioral theory, and
personal 1insights were factored into sSummary statements about species
adaptations, and anticipated population responses.

RESULTS

A review of the material relating to the biology and management of
thinhorn sheep in general and Alaskan Dall sheep in particular was
conducted. I Jjudged the following points to be reasonably enough
established that they could safely be used as the beginning of a working
hypothesis for Dall sheep management in Alaska.

1. The number of Dall sheep in Alaska has bean minimally established with
acceptable accuracy [(Heimer 1984),

2. Most Dall sheep populations exist on continental ranges and exhibit
normal population size wvariations up to 20% of their long-term means
over time. Densities vary from range to range (Hoefs and Cowan 1979,
Heimer 1979, Heimer and Watson |988).

d. The tendency of sheep populations to be predictably loyal to seasonal
ranges has been established (Nichols 1976; Heimer 1973; Watson and
Heimer 1984; Avers 1986; Durtsche, pers. commun.].

4. Examples of effect of heavy winter snowfall on adult Dall sheep
survival on continental ranges have been reported to affect older

sheep more than prime age sheep (Burles and Hoefs 1984, Watson and
Heimer 1984).

2. Examples of disturbances which Dall sheep tolerate have been reported
(Heimer 1979, Heimer at a1. 1980). These include road, bridge, and
pipeline construction work as well as observations at Usibelli coal
mine, Coopéer Landing and Sheep Mountain Closed Areas, Seward Highway
near Girdwood, and Deénali Park.

6. The horn growth patterns and capabilities (potential for trophy
managemant) of Dall sheep in Alaska have been described by area
{Heimer and Smith 1975).

7. 1t has baan shown that moderate harvest of mature (Full curl) rams has
little offect on viability of Dall sheep populations (Heimer and
Watson 19B6).

B. Removal of wvirtually all Class [Il and Class IV rams (al]l rams
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above 3/4 curl) in various areas of Alaska was associated with low
harvest rates (Heimer 1980a) and increased mortality among remaining
young rams (Heimer ot al. 1T84).

9. PRemoval of most Class 110 and Class IY rams was associated with com-
promised lamb production (Michols 1378; Heimer and Watson 1982,
1986 ).

10. M fferences in population guality and performance are not likely to be
functions of nutrition (Heimer 1980b, 1983; Heimer and Watson 1986).

11. fall sheep in the eastern Alaska Range are generally free Ffrom
diseases associated with domestic Tivestock (Heimer ot al. 1982;
Foreyt et al, 1983; R. Zarnke, pers. commun.). Disease is not a major
component of Dall sheep ecology.

12. Parasite loads are minor factors in Dall sheep scoloay (Hielsén and
Meiland 1974).

13. Wolf predation can control and depress sheep populations (Murie 1944,
Heimer and Stephenson 1982).

The basic tenets of the Dall sheep working hypothesis for Alaska are
detailed below:

1. POPULATION BIOLOGY: Dall sheep are a climax habitat species adapted
to relatively stable environments throughout most of their range. As
such, we do not expect them to show explosive population growth, and we
anticipate (in presence of normal predation) population stability OVER THE

LONG HAUL.

Population size may vary considerably from year to year depending on
2 variety of factors; our experience indicates abrupt, weather-related
changes of plus or minus 20T in ewe population size may occur from 1 year
to the next. Favorable weather occasionally causes transiently high
numbers of ewes when given cohorts of ewes experience higher survival for
a year or 50 Tonger than expected due 0 mild winters. When weather
“catches up® with these populations, the old ewes usually die, but few
primeé age ewes succumb. Temporary accumulation of (or removal of) entire
cohorts of old ewes does not materially affect long-term, numeérical lamb
production im the population except in a positive way--the ewes may
produce 1 or 2 “extra® lambs in their 1ifetime given an extra season or 2
of mild winter weather. These changes do not affect production by prime
4498 2wWes.

Slow population growth is expected. Population growth may occur
under favorable conditions (mild winters and depressed predator
populations), but these conditions are usually transfent, and increasing
populations will be stabilized by difficult weather or increased predation
before habitat quality declines enough to cause reductions 1im the
population.

2. RANGE LIMITATION: It seems reasonable that the quality of forage on
winteér ranges 1imits Dall sheep population performance. However, the
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Timitation 1% typically one resulting from poor food quality rather than
insufficient guantity of forage.

We do not expact sheep populatfons to reach sufficiently high
densities that concern about density-related nutritional stress f1s
warranted, Nutritional stress my occur in unusual cCSircumstances, but
normal circumstances do not Tead to this problem. Comparisons of nutrient
quality of winter range plants selected by sheep, the summeér nutrient
guality of these food plants, and the body condition of ewes during rut
and fn late winter revealed no caloric advantage for a low=-dénsity popula=-
tion when compared with a high-density population. 5till, population
performance was strikingly different betweén the two; the low-density
population had better performance. Nutritional stress or run-away popula-
tion growth should not be primary management concerns.

- HABITAT COMPONENTS: A1l components of Dall shéep hahitat are
considered critical to population wel fare.

Dall sheep habitat consists, most simply, of winter and summer
ranges. Specific 11fe functions such as rutting, lambing, geophagy
imineral 1icking), and migration may involve specific habitats. However,
our present understanding 15 Tnadequate to define whether any given
habitat-centered activity 15 not essential to populatfon survival.
Certainly, mineral 1icks are the most clearly identifiable of the habitat
components. We cannot say whether this makes them the most important or
gritical. A major concérn of management should be habitat preservation;
at this paint, we should not relinquish any Dall shesp habitat components
in the balfef that 1ittle or no harm will result.

4. PREDATORS: Predators can limit and depress Dall sheep populations.

Predators, particularly wolves, and possibly coyotes and sagles, can
depress sheep populations. Our data suggest wolves have Tittle §f any
effect on lamb survival in Alaska. [f prey selection occurs, mature rams
are most probably preferred. Als0, our data indicate wolves generally use
sheep as alternate prey, perhaps relying on them most during summer months
when larger animals like moose and caribou are difficult to capture. We
found 1ittle evidence of sheep in the late-winter diets of wolves killed
adjacent to sheep habitat im the GMU 20A wolf reduction program. 5till,
sheep population trajectory changed from decline to stability with wolf
removal . Coyote predation may be {important 1n some areas. In recent
years, the observed incidence of eagle predation on lambs has increased
dramatically. Eagles may be a significant predator on Dall sheep,
pﬂrtinuHrl_f in areas where eagles are abundant and sheep population sizes
darg small.

5. WEATHER IMFLUENCES: 0all sheep distribution s determined by
climate. MWind action, snow depth, and hardness appear to be limiting
factors fin determination of suitable habitat. Prevailing winds are
required to reliably remove snow from winter food.

The effects of severe winter weather act primarily on older animals
from sheep populations. Weather severity influences survival of lambs to
yearling age and the production of lambs. Severe weather may reduce lamb
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production if it is operative during gestation or parturition. It may
also lower lamb survival to yearling age while not depressing lamb
production. We have never documented an all-age winter die-off. Such
die-offs are alleged to have occurred historically, but data have always
been gathered long enough after the fact that such die-off explanations
are suspect. In modern times, the only well-documented all-age die-offs
have been caused by disease.

6. DISEASE: Dall sheep are not expected to tolerate introduction of
exotic diseases. Bulk losses will probably result from intreduction of
virulent, new diseases to Alaska's sheep ranges. While Dall sheep, at
least in the Alaska Range, apparently live with contagious ecthyma, lumpy
Jaw, and a fairly spectacular array of parasites, they are free from other
diseaseés known to have Tethal effects on other species of wild mountain
theep. Most fnvestigators think the major cause of bighorn sheep decima-
tion in the western United States was introduction of diseases common to
domestic grazers, most notably domestic <heep. We have done 1ittle
experimental work, but suspect Dall sheep will be unable to adjust to new
diseases without extensive selection through mortality of susceptible
individuals.

7. HUNTING: Hunting of Dall sheep can produce marked depressive
effects on populations. Ewe hunting at less than 2% per year can 1imit
growth in a vigorous population with nominal wolf and eagle predatfion.
Ram hunting has less impact on population performance, but the effects are
significant. Maximum harvest of rams at 3/4 curl 1s assocfated with
breeding by younger rams and immature ewes, extended lTactatfon, and
lowered rates of ovulation and lambing. It is also associated with
reduced survival of young rams. Hunting 7/B-curl rams seems to fix the
problems associated with lamb production, but the effect on survival of
young rams 15 unknown. It is probable that the sustainable harvest of
rams is higher when the social structure is not disrupted by removal of
most or all of the socially mature rams.

8. ; DISTURBANCE: Dall sheap may be considered disturbance-tolerant
species.

Dall sheep are so bound to their home ranges it 1s difficult to make
them leave. This 13 reflected in a behavioral syndrome that may be
construed as tolerant of disturbance. Whether they are stubbornly commit-
ted to home ranges or tolerant of disturbance doesn't really matter. The
result s that they will put up with an amazing amount of disturbance fin
their environment (coal mining, pipeline construction, intense human
contact by viewers, heavy hunting, heavy automobile and air traffic,
scientific study, efc.) without leaving. They apparently require some
time to habituate to "new" environmental components, but they do adapt
with SEEMINGLY few probleéms as long as they are not killed and their range
remains habitable.

DISCUSSION
I have identified 3 specific management consequences which may occur

because of the lack of a working hypothesis of species biology. The
first, and most serfous, problem is improper response to management oppor-
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tunity or challenge. Our first response Lo any management opportunity or
challenge i3 dependent on the depth of our understanding of species
biology. An incomplete, inaccurate, or poorly finformed perception may
Tead to wunproductive, expensive, and possibly disastrous management
reactions to challenges and opportunities.

The second consequénceé of an inadequate mode] of species biology is
fnefficient and unproductive use of limited research resources. In
designing species-specific research, we rely heavily on our mental model
(a working hypothesis which has not usually been articulated] of species
biology. As & conséequence, assumptions often get more attention in the
discussion sections of reports than in research planning.

Articulating assumptions in a working hypothesis for research
proposal reviéwers should rafse the level of project review as well as
define areas of inadequate finformation (Heimer 1987). This should
increase the chances of making major contributions toward better
management. 0Of course, it should be recognized that some aspects of
species biology are time and area specific. This emphasizes the
importance of stressing the hypothetical nature of the working model as
well as the hazards of overgeneralizing.

The third undesirable consequence of poorly expressed or supported
hypotheses of species biology 15 controversy. When & working model of
species biology 15 not widely understood and accepted, managéement actions
consistent with the working hypothesis may not be understood or accepted
by peripherally involved biologists or managers. This can lead to
confusion and disagreement over appropriate management activities. [t
also leads to unhealthy emphasis on legitimate differences of opinion and
may compromise the productivity of management programs.

For optimum progress to occur, information used to produce a working
hypotheses need not be absolute truth. It fs probably little more likely
we will ever "prove" a working hypothesis of species biology than that we
will "prove' organic evolution. Working hypotheses will, of necessity, be
syntheses of gathered data, empirical observation, behavioral and
evolutionary theory, and ecological principles. They will reguire
adjustment for specific circumstances, new knowledge, and the failure of
broad principles to predict accurately in all cases. 1 think it is the
responsibility of research and management biologists to prepare working
hypotheses as well as participate more actively in the planning process,
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PERMIT AUCTIOM: THE GODOD, THE BAD AND THE UGLY

GLENN L. ERICKSOM, Montana Department of Fish, Wildlife and Parks, Helesna,
Montama 59620

Abstract: Wine states now annually provide at least one sheep permit for
auction to the highest bidder. The rules and procedures utilized by each
state are summarized. The revenue recefved from these auctions has
provided significant bemefits to the sheep populations in the respective
states. Bids have ranged from $15,000 to as high as 5109,.000 for a
permit. Habitat improvement and transplants into new areas are but two of
the many programs supported by the auction revenue. A1l states indicated
the benafits to their sheep ménagement program have or will be substantial
as a result of the revenue received from the suctions. Many of the states
currently allow the auction permit holder more flexibility in obtaining a
sheep. Arizona, MNevada, Oregon, Utah and Californfa have provided
extended or special seasons after or before the regular season for the
auction permit holder. Wyoming, [daho, Morth Dakota and Montama restrict
the auction permit holder to the same season as other permit holders, but
allow the permit holder to hunt any open district. Considering the bids
received for the auction permit, one could conclude these special consid-
erations appropriate. Ancther conclusion would be that big money is
beginning to influence sheep management decisions and the general sports-
mén s being treated unfairly. This year, the high bidder for the Montana
sheep auction Ticense requested authorization to transfer his permit to
another individual. He also requested extension of the season into
November and Decembér. Montana developed special rules to answer these
questions. Other states have also developed special rules in response to
other probléms. 5Somé coordination between states has taken place to date,
but regqulations are not consistent, How far should a wildlife management
agency gqo to respond to the auction permit holder? Sportsmen in at least
Montana are beéginning to question those decisions. Management agencies
should not let this issue build until sportsmen are at each others
throats. We need to make decisions now which will lessen this conflict?
Mow 15 the time to act before the good and the bad changes to the ugly!
Recommendations are made to protect the bidder and to continue public
suppert for the auction process.

Bighorn sheep have long been a highly prized trophy by sportsmen,
This is &s much related to the bighorn's massive horns and rareness as it
is to the difficulty for & hunter to obtain a license.

Beginning with the state of Utah in 1980 many western states began
to auction or raffle at Teast one bighorn permit each year to obtain
revenue to support bighorn sheep manageément programs. The auctions to
date have been wvery successful at rafsing revenue.

The highly prized nature of the bighorn sheep as a trophy together
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with the sxtreme d4difficulty for a sportsmen to obtain a permit to hunt the
species creates a strong, emotional feeling amongst someé To strongly
object to the auctioning process. Are not the wildlife of the state a
public resource? Why should those with the willingness to spend large
sums of money be qranted a license? fIsn't a raffle more fair for 2117
Why should the auction 1iceénse holder be granted more privileges than the
sportsmen receiving a license by drawing?

A11 of these questions and more are baginning to surface in sportsa-
men group meetings, newspaper articles (Lindler, 1987) and magazine
articles (Park 19A8). This paper 15 1intended to summarize the current
situation, review the pros and cons of permit auctions and recommend a
course of action to prevent further conflicts amonagst sportsmen on this
Tssue.

1 wish to thank those wildlife department personnel from the states
of litah, Arizona, Mevada, Wyoming, Idaha, Mregon, California and Narth
Dakota for providing the {information which formed the basis for this

paper.
METHONS

A guestionnaire was sent to the wildlife department's im the statas
of Arizona, Utah, Nevada, Oregon, Wyoming amd California ta obtain
information concerning the auction or raffle process utilized and the
projects funded through the use of the funds generated. Followup contacts
by phone yielded additional information and clarified answers to the
questions which were unclear. The information from the states of Morth
Dakota and Idaho were obtained by phone. [nformation from the state of
Montana was obtained from Montana Department of Fish, Wildlife and Parks
records by the author.

RESULTS AND DISCUSSION

In 1987, the Montana Department of Fish, Wildlife and Parks received
10,137 applications for bighorn sheep licenses {ssued through drawings.
Only 2% (207) hunters were successful in receiving a license (Table 1).
The odds for drawing a license in some areas exceeded one chance 1in 260.
Hunter demand for bighorn sheep licenses has steadily increased (7,147
applicants in 1984 to 10,53% applicants in 1987). The demand for bigharn
sheep 1icense in other states and provinces is similar and makes a bighorn
sheep Ticense a very highly coveted prize to sportsmen.

The practice of auctioning or raffling bighorn sheep permits hegan
in 1980 when the state of Utah auctioned one bighorn sheep permit for
520,000 through a sealed bit process. Other states have progressively
followed suit throwugh the years until presently nine states have or will
offer for auction or raffle at least one bighorn sheep Ticense. The only
remaining states not utilizing the auction process are Alaska, Washington,
Colorado and New Mexico. Even these states are now serfously considering
the auction process as a way to increase revenue for management programs.

Since 1980 a total of nearly $1.8 million has been rafised for state
management programs through the auctfon of bighorn sheep licenses or

48



Table 1. Number of applications for bighorn sheep licenses in Montana,
1983-87.

Number Successful Percent
Yoar applications applicants successful
1983 8,170 1,106 14
1984 7,147 744 10
1985 8,341 562 6
1986 B.628 G610 7
1987 10,538 513 d

permits (Table 2). In 1987, the highest bid ever received for a bighorn
sheep license was 5109,000 for a Montama license. Although the amounts
received each year through the auctions have varied, the revenue generated
has remained gquite stable in each state.

Arizona has also utilized a raffle to rafse money for sheep manage-
ment projects. In 1984, the Arizona permit auction raised 564,000 and the
raffle qenerated $82,000. Arizona's experience indicates a raffle may
actually generate moré reévenue than an auction. Howéver, the monay
generated through a raffle depends largely on the number oF participants,
Thus, states with Tower populations might actually raise morea money
through an auction.

It is apparent from the bids received since 1980 that one could on
the average expect a bhighorn license to go for between 540,000 - $50,000.
What then makes the states of Montana, Arizona, California and Idaho
receive higher bids than the average. A review of the latest Boone and
Crockett Records book lends some insight into this phenomenon.

A review of the Ath edition of Boone and Crockett Records shows that
the Canadian provinces of Alberta and British Columbia and the state of
Montana provides the majority of records for bighorn sheep. The state of
Arizona and Mexico have provided a majority of the records for Desert
Bighorn. In both the 18th and 19th Awards Competition for Boone and
Crockett, these states and provinces maintained their place in the record
book. Since 1980, 37 of the 92 rams entered in the twd Boong and Crockett
Awards Competition were from Momtana. In 1986, at least 19 rams, and 1n
1987, at least 15 rams that sxcead Boone and Crockett minumums were taken
in Montama. The 19th Awards Competition included sixteen desert rams from
Arizona, seventeen from Mevada and sightean from Mexico.

California just recently began hunting bhighorn and thus hunter
expectations are that new records will be set with rams taken there in the
next few years.

Bidders also cfte their strong support for the sheep management
programs as a reason for the high sums of money gemerated by the auctions.
The stability of the high bids over the years support this. Additionally,
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the Foundation for North Américan Wild Sheep emphasizes “putting sheep on
the mountain™ as their goal.

The main bepefit of the auctions is the revenue generated provides a
good funding source with which to support needed sheep managémeant
projects. A1l of the states indicated they used the révenue from the
auctions primarily for transplants of bighorn into new areat and for the
purchase of equipment utilized in that process. Most states also utilized
some of the revenuée to fund annual census surveys by hel icopter and/or
fixed wing aircraft. Habitat fimprovement projects such as controlled
burning of winter ranges and construction of wateéer developments was also
cited as important projects. A1l states indicated these programs could
not hawve been conducted without & source of revenue Tike the auctions.

Although most states have had few problems with the auction process,
nearly all have received some negative commant from sportsmen. Most of
the negative comments are related to complaints about selling & public
resource. The states with the longest history of auctions indicated fewer
and fewer of these complaints surface as the program results beagfn to
surface. Montana encountered opposition from sportsmen to the auction
1icense holder's request for a longer season.

Publfc perception of the auction process s pivotal to its future.
At present, public perception appears to be on the positive side as
evidenced by the limited number of negative complaints received by the
states auctioning permits to date. All states contacted indicated a
sensitivity to this and emphasized thefr desire to uphold the image of
hunting and hunters by preventing abuses of the auctioning process by
fmplementing reasonable rules and reqgulations.

A review of each state's regulation reveals that most states grant
the auction 1icense holder privileges beyond that which other license
holders receive (Table 3). Although theseé privileges may be appropriate,
the states are not consistent in their approach. This inconsistency may
result in increased public and sportsmen opposftion to the auction process
in the future.

Other problems which have surfaced are:

1) Payment made 1n nonlegal tender (rubfes)

2} High bidder not able to physically hunt

3} High bidder defaulted on payment

4} High bidder wanted to transfer license to another individual

5} Revenue generated utilized to fund other programs

6) Regulations prevent obtaining license more than once 1in a
11fatime

7) Successful bidder requests special season different than that
granted other Ticense holdars.
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Table 3. Summary of privileges states grant auction permit holders.

States Numbeér Permits Methods of Issues Privileges

Montana 1 Auction Larger hunt area

Utah 1 Sealed Bid Longer season, guide,
transportation, meals,
lodqging

Nevada 2 Auction Larger hunt area, late
separate season

Califarnia 1 Auction Larqgeér hunt area, longer
season, earlier Season

Arizana 2 Auction/Raffle Separate séason, longer
§eason

Oregon 1 Auction Longer season, larger hunt
area

Wyoming 1 Governor Larger hunt area

Designated
Morth Dakota 1 Auction Larger hunt area
1daho 1 Auction Larger hunt area

Each state has enacted rules and regulations to resolve the problems
gncountéred and although somé contact between states has occurred,
regulations are not consistent.

RECOMMENDATIONS

States currently auctioning a sheep 1icénsé or contemplating to do
s0 have an chligation to ensure that the resource benefits From this
process and the public and sportsmen mafntain their support for the
program. Failure in either area will aventually result in the end to the
auction process and a reduction in the revenue needed to adequately fund
necessary projects. Ultimately, the wild sheep resource will suffer.

What can be done to protect the bidder, ensure high bids will
continue and still provide for continued public and general sportsmen
support? The following suggestions are recommended for consideration.

1} Regulatfons should be enacted by each state which specify:

a) How and when transfer of the license from the high bidder to

another individual can occur.
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bl Payment procedures to fnclude payment in legal tender, payment
deadline, percentage retained by auctioning organization,
procedure if default occurs.

¢} Time frame for 1icense issue (1.e. 30 days prior to season).

d} If once in a 1ifetime restrictions apply.

e} Legal hunting areas, time of season, ram size restrictions, ote.

f] Statement preventing subsequent sale of the license for
commercial gain.

2] States should carefully consider granting extra privileges to auction
license holders beyond allowing for hunting within open hunting areas
and seasons.

3) Funding received from wild sheep 1icense auctions should be designated
for use in only sheep management programs.

4) Regulations and rules governing the use of auction permits should be
disseminated to a1l prospective bidders prior to auction.
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Bienn. Symp. Morth. Wild Sheep
and Goat Council 6; 54 - 56

RECOMMENDATIONS OF THE MORTHERN WILD SHEEP AND GOAT COUNCIL REGARDING THE
USE OF SPECIAL BIG-GAME (GOVERMOR'S) PERMITS FOR FUMDINE WILDLIFE PROGRAMS

The Morthern Wild Sheep and Goat Council 15 one of two associations
of professiopal biologists involved in wild sheep mapagement in MNorth
America. It consists of approximately 100 professional sheep and goat
biologists as wel]l as unfversity faculty members and students of wild
sheep and goats from Alaska, Alberta, British Columbia, Colorado, I[daho,
Montana, North Dakota, the MNorthwest Territories, Oregon, South Dakota,
Utah, Wyoming, the Yukon Territory, and Washington. As such, 1t
repreésents the pooled expertise regarding management of nporthern wild
sheep and goats throughout Morth America. The council has assumed, as one
of 1ts functions, an advisory role on issues fnvolving wild sheep and goat
conservation and management.

Rackground
Special hunting permits (commonly called Governor's permits) are

available to the Governor in most western states and Department Ministers
in some Canadian provinces. These permits are typically awarded as the

Governor or Minister chooses to allocate them. In recent years,
increasing numbers of these permits have been allocated to non-profit
organizations for auction or lottery to generate monay. The comman

applications of this revenuc-gsenerating mechanism have been limited to
fundraising for programs 1in wildlife conservation, especially for
management and research on wild sheep. The Northern Wild Sheep and Goat
Council (NWS&GC) supports continuation and expansion of this innovative
funding technique for enhancing wild sheep and goat management
effectiveness. However, the NWSEGS is aware of some potential problems
and ethical considerations attending use of Governor's permits for
fundrafsing.

First of all, indigencous wildiife in the United States of America
has been traditionally considered the “property" and is certainly the
management responsibility of the states. This system ft slightly
different in Canada. To varying degrees, the states and provinces have
been successful in meeting their management responsibilities with respect
to wild sheep. 1In the United States, where wild sheep populations were
decimated early this century, their recovery has come largely through
programs funded by the hunting public.

Even given the successes at restoring wild sheep abundance, there 13
still a demand for sheep hunting opportunity which far exceeds the present
capability of sheep and sheep habitats to provide. As a result, resident
hunters must hope for selectfon in the permit lotteries in most states.
This means that use of Governor's permits for any purpose, decreases
hunting opportunity of residents by a small amount. This opportunity is
virtually lost to residents because auction of the permits brings large
sums (above S5100,000 in some cases). When the revenue generated by
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auction of Governor's permits is reinvested in the resource which produced
it, everyone benefits, particularly the hunting public which contributed
the funds to make harvest of mountain sheep possible in the first place.
The NWSAGCE thinks this is the best use of the Governor's permit auction
system. Maintenance of this system, however, requires some further
attention, and possibly some constraints.

The HWSAGE recognizes the following problems: The large revenues
generated by sale of Governor's permits may inspire attempts to divert
these funds to other species or non-wildlife programs. It is also
possible that a glut of Governor's permits for auction could lTower the
revenue generated by the system, and cut resident opportunity to partici-
pate in sheep hunting without commensurate benefit to the resource or the
resident hunter. Finally, there is a temptation to provide special assis-
tance to or exemptions from common hunting regqulations and practices for
the benefactor who buys the permit at auction.

In an attempt to deal with these problems, the NWSEGC offers the
follewing recommendations regarding use of Governor's permits For fund
raizing. We realize these recommendations are largely in the province of
our various governors and minfsters. Dur intent, as an association of
professional sheep and gqoat managers, 15 to offer the best assistance we
can, and mark our positions on these 1ssues a matter of record.

L. Governor's permits to hunt mountain sheep or mountain goats should be
allocated for sale only to provide revenues for conservation [which
includes research and management) of these species.

2. S5State and provincial wildlife management agencies should be 1nvalved
in decisions regarding the appropriate number of permits, and any
necessary restrictions on permit use which may be required to protect
sensitive populations of big game.

3. Allecation of permits for sale should be managed with a view toward
maximizing financial return to the species programs and minimizing
losses in resident hunting opportunity.

4. Granting of special privileges to Governor's permit buyers should be
discoura gi'd p

5. Several conditions of permit fssuance should be clearly defined when
the permit is donated. They include:

a. If, how, and when the purchaser may transfer the permit to
anocther person.

b. Acceptable payment procedures, legal tender, deadline, procedure
in case of default, and amount retafned by any other party (such
as the auctioneer).

c. Timing for issuance of permit.

d. Reguired license and guide fees.
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e. Legal hunting areas, dates, and regulations.

6. Regulations and conditions of the permit should be made clear to all
prospective buyers prior to auction.
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Bienn. Symp. North. Wild Sheep
and Goat Council 6: 57 - &4

THE LOSTIME ROCKY MOUNTAIN BIGHORN SHEEP DIE-OFF AND DOMESTIC SHEEP

VICTOR L. COGGINS, Wallowa Wildlife District, Oregon ODepartment of Fish
and Wildlife, Enterprise, OR 97828.

Abstract: Approximately two-thirds of 100 bighorn sheep (Ovis canadensis
.:'a'n'a"'élén'sﬁil in the Lostine herd (Wallowa Mountains) of northeast Oregon

ed in 6=1987. No mature rams and very few lamb survived. Pasteurelia
haemolytica and Pasteurella multocida were the suspected causes of disease,
Circumstantial evidence linked the die-off to contact with domestic sheep.
The history of the herd, its presant status, and the die-off are summarized.

During the late autumn and early winter of 1386-1987, the Lostine
herd of bighorns (located in the Wallowa Mountains of northeastern Oreqon)
suffered a major all-age die-off. The objective of this paper 15 to review
that die-off, along with the histary of the herd prior to the die-off,
and its present status.

The assistance of many Oregon Department of Fish and Wildlife
personnel, especially Marty 5t. Louis and Steve Allen, and Oregon Hunter's
Association volunteers who helped with trapping, removing snow, locating
carcasses, and funding for many of the drugs, equipment and follow=-up
studfes 15 greatly apprecfated. Special thanks are due Dr. Bill Foreyt,
Washington State University (WSU), for his assistance and advice on treating
bigharn sheep diseases and parasites and to Jim DeForge of the Bighorn
Research Institute, Palm Desert, California, for their assistance. Thanks
also to Duane and Shirley Burch for the many hot cups of coffee, warm
fires on cold days, and use of thair private road. Charle Delashmutt
typed and retyped the manuscript.

HISTORY OF THE LOSTINE HERD TO 1986

The Lostine Rocky Mountain bighorn herd in northeastern Oregon started
in November 1971 with the introduction of 15 ewes and 5 rams’ from Jasper
National Park, Alberta, Canada, Sheep were released at the base of a
southwest facing slope in the Lostine River drainage on the north and
of the Wallowa Mountains. They wintered on the open grassland slopes
above the release site and the following spring moved south along the
sumit of the Hurricane Divide where they spent the summer. This pattern
has continued, with ewes and lambs moving 8 to 16 km (5 to 10 mi) south
to spend the summer in the high alpine basins above timberline. The rams
used this same summer range until 1980 when many began crossing Hurricane
Creek to the Hurwal Divide and moving further south along the Hurricane
Divide. Limited ram hunting, which started in 1978, may have been
responsible for this expansion of ram range, which continues to this day.
Typical of many western big game ranges, the Lostine herd's winter range
is very restricted, but the summer range is vast.

57



Trapping and Transplanting

The Lostine bighorns did well and 63 animals were counted fn 1977
{(Table 1). Trapping and transplanting was started that winter and continuad
annually through January 1986. A total of 152 bighorns were trapped and
transplanted to 9 different sites (1 in Washington, 3 in [daho and 5 in
Wallowa County, Oregon). OFf the Oregon transplants, 31 returned to the
Lostine range from distances varying from 11 to 64 km (7 to 40 mi) by
afr. Four of 5 transplant attempts in Oregon failed and only 15 bighorns
remain at the one site. Two of the 3 Idaho transplants appear to be doing
well and the Washington transplant (supplemented with bighorns from several
other sources) is established and doing well. Twelve bighorns from 2
nearby transplant sites (11 and 14 km, or 7 and 12 mi, by air) also moved
to the Lostine range.

Table 1. Composition and numbers of the Lostine bighorn sheep herd,
1972-1988.

Total Lambs/ Rams/ Highest
Year Ewes Lambs Rams Classifiedd 100 awas 100 awes winter count

19722 14 3 3 20 21 21 19
1973 13 3 3 19 23 23 19
1974 17 8 5 30 &7 29 30
197548 25 12 10 &7 aa LY 40
19762 26 19 8 53 73 N 53
19774 249 19 17 70 79 Fl b3
1978 no data 78
1979 33 23 22 74 T r) 85
1280 37 19 30 86 51 81 86
1981 55 11 26 92 20 a7 92
1aa2 42 16 25 B3 8 59 a3
1983 18 27 28 a3 71 T4 96
1984 46 25 ’a 95 hd 52 95
1985 58 19 20 ar 33 34 q7
1986 46 15 26 a7y 13 57 a7
1987 19 Fd 1 kK] n 58 i3
1988 21 i 13 36 10 &2 16

4 June-August counts on summer range.
January-April counts unless otherwise noted. Highest count by ground
or supercub aircraft. Includes bighorns transplanted for herd reduction.

Ram Hunting

Hunting of rams was started inm 1978 and continued through 1986.
A total of 56 tags were issued and 47 rams were harvested. Five of these
rams scored over the minimum for Boone and Crockett Club entry into the
record book. 58



Winter Range Purchased

In 1975, afforts began to purchase the Lostine winter range from
private landowners (90% of the range was owned by 2 individuals). Horses
were grazed on the range prior to this time (the range was leased by Oregon
Department of Fish and Wildlife in 1975). In 1981, 720 acres of the primary
bighorn range were purchased and two additional tracts were bought by
the ODFW in 1982 and 1984. A total of 388 ha (970 ac) were acquired at
a cost of $397.000 U.5.

Lungworm Treatment

Periodic examinations of bighorn feces indicated low counts of lungworm
larvae (Protostronglus spp.) through 1979. Samples examined by Or. W.J.
Foreyt, Washington State University, 1n 1981 (personal communication,
February 13, 1986) indicated high levels with 5 of 10 bighorns tested
having greater than 1,000 larvae/gram of feces. Lamb survival alsoc began
to decline in 1980 when 35 lambs per 100 ewes were observed compared to
74 lambs per 100 ewes from 1977-79. Field treatment of the Lostine herd
with the drug albendazole (Smith Kline) fincorporated in alfalfa-barley
pellets began in 1982, Lungworm levels were reduced (Foreyt, et al. 1983)
and lamb survival fimproved dramatically (71 Jambs per 100 ewes in 1983).
Sinceé then, treatment with albendazole fortified pellets or fenbeéndazole
Safe-Guard protein blocks (Hoechst-Rousse]l Agri-vet) has been continued
annually or at 2-year intervals. In addition, al11 animals captured and
handied were given injectable Ivomec 10 mg/50 Kg [110 1bs] (Ivermectin,
MSD-Agvet, Merck & Co., Inc., New Jersey).

Population Levels

The herd has been kept at a relatively stable population level by
trapping, transplanting, and limited hunting. Winter counts ranged from
63 fn 1977 to a high of 97 in 1985 prior to the 1986-87 die-off (Table 1).
These counts reflect a total population of B0 to 100 bigharns on the winter
range before trapping and transplanting and after the annual ram harvest.
A winter population objective of B0 animals was established and kept at
or below that level by trapping and transplanting all except in 1982 when
83 sheep were counted.

The total winter range encompasses 530 ha (1,300 ac¢), supporting
1 bighorn per 5 ha (12 ac) at peak population density of 100 animals.
There is presently no domestic livestock use on the range, but 100 to
150 mule deer (Odocoileus hemionus hemionus) and 25 to 50 Rocky Mountain
elk (Cervus elaphus nelsoni) use the range periodically. Wintering bighorn
population densities of | per 5 ha (12 m:r were reported by Blood (1963
for a herd of California bighorn in British Columbia. Woodgerd (1964
reported that on Wildhorse Island in Montana, a sheep density of 1 per
5 ha (12 ac) of grassland existed. This was on a range used all year
on a 10.4 km* (4 mi?*) fsland with an estimated 200 mule deesr present.
Considering these studies and range condition that appears to be improving,
:hntthsﬁni 1=:14‘11:-Er range does not appear to have been overstocked prior
o the die=-off.
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THE DIE-OFF
Methods

The diseass problem began in November 1986 when sick and dead bighorns
wereg reportéd. Nine sick animals were captured in early December. Blood,
nasal swabs, and fecal samplas were collected and all animals captured
were given Ivermectin at previously mentioned dosage rate (for parasite
control) and a long acting antibiotic Liquamycin LA-200 [Pfizer,
Agricultural Division, MNew York, MNY) at a dosage rate of 4.5 ml/45 kg
{?l]l] 1bs)]. The range was closed to all public entry. Daily trips to
the winter range were initiated (as the weather permitted) to ohserve
sick bighorns and prebait them with alfalfa pellets. In mid-December,
the treatment of bighorns was started with antibiotics and ivemec. The
animals were trapped in a corral trap to administer the drugs or given
antibiotics via Palmer Cap-chur dart. All animals trapped were eartagged
with Alflex numbered tags and individual records of symptoms and treatments
received were started. This procedure was continued through March 1987
when weekly visits were initiated and treatment discontinued. Several
sparches were made during the winter and spring with the assistance of
volunteers from sportsmen’'s groups. Weekly monitoring trips to the winter
range ware discontinued in early June as most animals had dispersed over
the summer range.

Soveral trips to the summer range were conducted to determine ewe:lamb
ratios and to visually monitor general bighorn body condition. Regular
trips to the winter range were initiated in December 1987 to determine
survival of the Lostine bighorns, post disease lamb survival, and to
document additional survivors. Twenty of 36 (56%) of the surviving bighorns
were caught and blood, nasal swabs, and fecal samples collected for
analysis. Captured animals were dewormed and the few without eartags

tagged.
Time of the Outbreak

The disease outbreak may have started in October 1986 on the east
side of the Lostine herd's summer range. In early October, a local
cutfitter (E. Deardorff, personal communication, October 22, 1986) reported
seeing 2 bighorn rams and 2 ewe with a domestic sheep (a ewe) 13 km (B
mi) southeast of this location. The domestic ewe was shot, dressed out,
and found to have foot rot and lung adhesions. One of the bighorn rams
was identified by its eartag to be from the Lostine herd. In mid-October,
@ large old ram was found dead by hikers near Ice Lake 16 km (10 mi)
northwest of where the domestic-bighern encounter occurred.

In late Novembeér, sick and dead bighorns were reported on the Lostine
winter range. A search of the area several days later revealed 5 dead
and 1 sick lamb and 13 other ]ive sick bighorns. Four of the & lambs
wereé necropsied and lung samples taken to the Washington 5State University
diagnostic laboratory. Three of the 4 were good quality Tambs in excellent
physical condition. The lungs of all 4 animals were very red and inflamed
but other organs looked normal.

The disease appeared to be just starting in late Novéember when the
range was surveyed. Bighorns were returning to the winter range, and
the rut was in progress. Both of these factors were likely responsible
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for the rapid spread of the diseasa. Deaths of sheep of all ages occurred
through December and into early January. No deaths were known to occur
after mid=-January.

Signs of Disease

Signs of sick bighorn took 2 forms. The most common was an extremely
deep cough with & heavy clear nasal discharge. In the worst cases, bighorns
quit eating, laid around away from the herd and some died. Most animals
with these signs continued to stay near the herd and the coughs gradually
improved (11ttle coughing was apparent after January 1987). The nasal
discharge continued through the winter with some animals still showing
mucous when they left the winter range in May. Many of these animals
were Lreated with antibfotics that appeared to help recovery.

A few bighorns showed only lethargy and moved away from the group. Most
of these did not appear to be feeding and also had droopy ears. In nearly
all cases, thay died fairly quick. Treatment was not administersd to
most of these animals as we did not realize they had the disease. The
few that wers treated with antibiotics given with a Cap-chur dart died.
All surviving bigharns appeared fully recovered by July 1987.

Domestic Sheep/Bighorn Relationship

Circumstantial evidence indicates the Lostine bighorns contracted
Pasteurella pneumonia from domestic sheep. The contact mentioned earlier
could have been the source of the disease. The location of carcasses
indicate the die-off started in the east and went west to the winter range.
Other possible sources of the disease include strays from domestic sheep
bands found on ranges in the Eagle Cap Wilderness 3.2 and 9.6 km (2 and
6 mi) west of the Lostine range.

Bailey (1936) reported concern that the few remaining Oregon bighorns
might contract diseases from domestic sheep in the Wallowa Mountains.
Bighorns were gone from this area by the early 1940's. Max Walker (personal
communication, 1987), longtime county resident, reported bighorns once
numerous in the Imnaha area (Wallowa County). Early settlers reported
that bighorns died out from a “distemper" caught from domestic sheep.
In recent times, Foreyt and Jessup (1982), reported on fatal pneumonia
in bighorns following asseciation with domestic sheep. Other bighorn
deaths in northeast Oregon circumstantially linked with domestic sheep
contact have also been reported (Oregon Department of Fish and Wildlife
files, V. Coggins typewritten report, July 1984),

Mortality

The Lostine bighorn herd was estimated at 100 animals prior to the
die-off. Thirty-four surviving animals including 20 ewes, 2 lambs, and
12 rams, were located after the disease had run its course. Twenty-six
dead bighorm including & ewes, 9 lambs, 10 rams and one of unknown sex
and age, were found. This accounts for &0 bighorns with about 40 missing
and presumed dead. Nearly all the dead animals (24 of the 26) were located
on the winter range or in & low elevation drainage below their migration
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route. All rams over 4 years of age died during the outhreak as did all
but 2 lambs. Most surviving ewes were younger (3-6 years old) animals
(Table 2).

Table 2. Sex and age of Lostine bighorns surviving the die-off of 1986-87,

Ewes Rams
Age TY¥r 2Vr 3+ Yr Lamhbs T Yr 2%¥r 3 Tr 4 yr Total

Number 1 3 17 2 1 5 ] 1 k1.

Disease Agents

Bacterial pneumonias, principally Pasteurella haemolytica or P,
multocida appeared to be the cause of most bDighorn deaths. oth were
found In lungs examined at the diagnostic laboratory of Washington State
Unfversity and were cultured from nasal swabs taken during the outbreak
and during the post-disease studies (most of these were P. multocida).
Antibodies to parainfluenza-3 (PI3) and bovine respiratory syncitial virus
(BRSY) were also detected in some of the sera. The significance of these
two viruses is unknown at this time.

Predisposing Factors

Predisposing factors such as  adverse weather, overcrowding.
malnutrition and excessive harassment by humans (Feuerstein et al. 1980,
Spraker et al, 1984, Thorne 1987) do not appear linked to this die-off.
Bighorns wereé in excellent physical condition. having Just returned from
the summer range. A fall green-up produced good winter range forage
conditions. Overcrowding did not appear to be a factor since population
levels had been held relatively stable by hunting and trapping and
transplanting since 1978. Also, Lostine bighorns have a very large summer
range and are widely scattered at low densities. MNo change in human use
patterns was observed, and fecal Tungworm larvae levels were low.

Lamb Survival after the Die=off

Fost=-disease production of lambs sppeared to be good, with 8 lambs
located in July 1987 with 13 ewes (1 yearling and 4 two-year olds) or
b2 Tambs per 100 ewes. [In October, some of the same ewes were seen with
only 1 lamb and by Décember when 211 survivors were located, only 2 lambs
{10 per 100 ewes) were with the herd. Both surviving lambs were much
smaller than normal, but no coughing or nasal discharge were noted.
Pasteurella spp. was not detected in nasal swabs and thers were no titers
to PI3 and BRSY. Nasal swabs taken from adults indicate 72% of the bighorns
sampled (13 of 18) were Pasteurella multocida carriers. This Pasteurella
organism may have besen responsible for the high lamb mortality in summer.
Pasteurella haemolytica was detected in only one sample.
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MANAGEMENT IMPLICATIONS

The most important lesson learned from this study 15 to keéep bighorns
away from domestic sheep. Although hard cause-effect data relating disease
in bighorns to presence of domestic sheep are lacking, it is believed
Pasteurella spp. transmitted from domestic sheep was responsible for this
die-off. Where separation of the two 15 not possible, serious disease
problems can be expected as has been reported by other observéars. Bighorns
should not be reintroduced to ranges where contact with domestic sheep
15 Tikely.

Field treatment results were not included 1n this paper, but
antibiotics administerad to sick animals appesared to have saved many Lostine
bighorns. While antibiotics were given by injection, specially formulated
antibiotics in alfalfa pellets, protein blocks, or in other food sources
would probably have worked better. This would have resulted im earlier
treatment with less stress to the sheep and capture of most of the herd
would not have been necessary. 35ick animals not able to come to the trap
would have had access to antibiotics.

It is also recommended that an emergency treatment procedure be
astablished to deal with bighorn disease outbreaks in accessible herds.
It is believed that had treatment with antibiotics started when the disease
was first detected, many additional animals could have bean Saved.

Lamb survival studies and disease surveillance are planned to continue
for the next two years or until lamb survival returns to normal.
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FATAL PASTEURELLA HEMOLYTICA PMEUMONIA IN BIGHORN SHEEP FOLLOWING ODIRECT
CONTACT WITH NORMAL DOMESTIC SHEEP - AN EXPERIMENTAL STUDY.

WILLIAM J. FOREYT, Department of Veterinary Microbiology and Pathology,
Wazhington State University, Pullman, WA. 99164

Abstract: Six Rocky Mountain bighorn sheep (Ovis canadensis canadensis)
were raized in captivity from hirth (n = §) ar taken from the wild as a
Tamb (n = 1). After the bighorns were in captivity for over a ysar, 6
clinically normal domestic shesp were placed in the same ? ha pen with the
bighorns. Masal swabs from all animals were collected at the time the
domestic sheep were fntroduced. Pasteurella haemolytica was isolated from
swabs from 4 to 6 domestics and O to 6 bighorns. All six bighorns died of
acute hemorrhagic pneumonia following exposure to domestic sheep., Deaths
in bighorns occurved on days 4, 27, 27, 29, 36 or 71 after initial
exposure to domestic sheep. Pasteurella haemolytica was isolated from all
bighoris ot tiss: tiwe of desth——Wone aF Hiiv GoReEEIC heep wers  c11n1oal1y
111 during the experiment. At the end of the experiment, 3 of 6 domestic
sheep were euthanized, and at necropsy, P. haemalytica was isolated from 2
of the 3 domestics. The most common sérotypés in bighorns and domestics
were P. haemolytica T-3 and A-2. Other serotypes isolated included A-1,
A-9, and A- n bighorns and domestics.

Based on this experiment and other reports, domestic sheep and
bighorn sheep should not be held in proximity because of the fatal
censequence in bighorns.
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A PNEUMONIA EPIZOOTIC IN BIGHDRN SHEEP, WITH COMMENTS ON PREVENTIVE
MANAGEMENT

MARCO FESTA-BIAMCHET, Department of Biological Sciences, University of
Calgary, Calgary, Alberta T2N 1N4l

Abstract: The case history of the 5Sheep River bighorn sheep (Ovis
canadensfs) herd is reviewed, and management practices that may help to
avold pneumonia epizootics are discussed. The number of females in this
herd increased from 48 in 1981 to 71 in 1985, with no decline in lactation
rate. Fecal counts of lungworm larvae in March and April did not wvary
from 1981 to 1986. The winter range was heavily grazed by livestock, and
affected by road construction and recreational use. The human population
of the winter range increased, as did the number of dogs. A pneumonia
dige-off was predicted and occurred in the winter 1985-1986. An estimated
60-65 sheep (35-40% of the herd) died. Mortality was highest among lambs
and young males, Recruitment was Tow for 2 years following the die-off.
It may be possible to reduce the occurrence of pneumonia in bfighorn
populations through preventative management, including habitat protection
and controls on harassment, fnterspecific competition and sheep demsity.

Preumonia epirootics and habitat 1058 are the major threats facina
bighorn sheep (Wishart 1978). While much remains to be discovered about
its proximate causes, predisposing agents, and etiology, circumstantial
evidence suggests that bighorn pneumonia s induced by multiple stress
factors (Potts 1938, Feuerstein et al. 1980, Spraker and Hibler 1982,
Spraker et al. 1984, Onderka and Wishart 1984, Bailey 1986). In addition,
pneumonia can be transmitted to bighorns by domestic sheep (Foreyt and
Jessup 1982). While their role is not discussed in this paper, domestic
sheep could probably cause pneumonia epizootics in bighorn populations not
subject to other stressors. An underlying assumption of this paper s
that a major concern of bighorn sheep m&n&gement is prevention of contact
with domestic sheep.

sources of stress include overcrowding, parasites, harassment, dust,
competition with 1ivestock and habitat loss. By decreasing the resource
available pér capita, and increasing énérgy expenditures, these stressors
may advérsely affect resistance to disease.

The bacteria believed responsible for pneumonia (Pasteurslla
hemolytica types A and T) are found in a non-pathogenic stata Tn heal thy
igharns r. D. K. Onderka, Alberta Agriculture, pers. commun.). In the
past, lungworms (Prostostrongylus spp.) were suspected to cause pneumonia
(Forrester 1971).  Recent esvidence casts some doubt upon the importance of

lpresent address: Large Animal Research Group, Department of Zoology, 344
Storey's Way, Cambridge, CB3 ONT, U.K.
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these parasites fn all-age die-offs. Lungworms may be 3 source of stress,
but not the direct cause of the disease (Festa-Bianchet 1987, Samson et
al. 1987).

The aims of this paper are: 1) to present data on population
dynamics and Tungworm finfection before and after a pneumonia epfizootic;
2] to examine the pattern of mortality during the epfzootic; and 3) to
discuss external sources of stress that may have contributed to this die-
off, and ways in which knowledge of the effects of stress, bighorn popula-
tion dynamics, and pneumonia, may be used to avoid die-offs.

I thank Bi11 Wishart for support and friendship during the past 8
years. Assistance or advice were recelved from Jon Jorgenson, Wendy King,
Detlaf Onderka, Doug Richardson, Yal Geist, 8111 Samuel, David Boag and
Judfth Samson. Alberta Fish & Wildlife provided field quarters, labora-
tory analyses and financial support. Financial assistance was also
received from Alberta Recreation, Parks and Wildlife Foundation, and
Natural Sciences and Engineering Research Council of Camada (scholarships
to me and operating grant to V. Geist). An anonymous reviewer vastly
improved the manuscript.

STUOY AREA AND METHODS

The s=study was conducted in the Sheep River Wildlife Sanctuary,
southwestern Alberta (50°N, 114"W). The study area, sheep populations,
and methods of capturing, marking and monitoring sheep have been described
(Festa-Bianchet 1986a, b, 1987, 1988a, Festa-Bfanchet and Jorgenson 1985).
The study, fnitfated in March 1981, is based upon monitoring of survival,
reproductive success and fecal Tungworm larval counts of marked ind{vidu-
als. Over 250 bighorns have been marked during this study, including 97
resident females over 1 year of age. Resident females are those that
winter in the wildlife sanctuary {(Festa-Bianchet 1986a); since Jume 1982,
over B5% have been marked. Unless otherwise indicated, all data reported
here were collected from tagged resident sheep, or from lambs whose
mothers were tagged.

The winter range in the wildlife sanctuary i35 easily accessible; on
average over 97% of the marked femalés were found during searches,
conducted 2-6 times/month throughout the year. Because ofF the high
efficiency 1in locating tagged females during searches, and the high
proportion of tagged females, I am confident that all population estimates
are correct within 1 or 2 units., Females were classed as lactating if
they suckled & lamb or had an obviously distended udder. Lamb survival
was estimated by comparing the number of lambs born to the number alive in
Dctober or March.

Fecal samplés were collectead in March and April from marked females
(T = & samples/female/year) and analyzed for lungworm larvae Following
Samuel and Gray (1982). A square-root transformation was performed on
larval counts to achfeve a normal distribution before analysis with
parametric statistics (Festa-Bianchet 1987). Frequency distributions were
compared with G-tests with one degree of freedom, while t-tests were used
to compare means (Sokal and Rohlf 1981).
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During the die-off, the sanctuary was searched for carcasses,
usually revealed by ravens (Corvus corax) and magpies (Pica pical. Some
carcasses were found by staff of the rorest Service and the Recreation and
Parks Department. Carcasses found before the internal organs were scaven-
ged were recovered and later necropsied by Dr. 0. K. Onderka of Alberta
Agriculture. Tagged sheep that disappeared were assumed to have died.

RESULTS
Demography

The number of resident females {ncreased from 48 in 1981 to 71 in
1985, declined during the die-off (MNovember 1985 to April 1986) and did
not increase until 1988 (Fio. 1), Four females were collected and two
poached in 1986, and one female each year was shot by hunters in 1986 and
1987. MNatural yearly female survival in 1986=1988 averaged 94%. The lack
of recovery in female numbérs was Tikely due to poor recruitment and arti=
ficial removals. The average numbér of bighorns seen during fearches of
the winter range followed a pattern similar to that of resident females
(Fig. 1). 1In addition to population size, thé number Seen during searches
15 affected by the amount of use of the sanctuary by males (Festa-Bianchet
1986b) and non-resident females (Festa-Bianchet 1986a).

Lactation rates did not change in 1981-1985. Among females 3 years
of age and older, the frequency of lactatfon was 100% 1n 1981 and 1982 (N
= 71 female-years), and 92% in 1983-1985 (N = 130 female-years). Among
2=year-olds, the proportion that lactated remained constant at 63% from
1982 to 1985 (N = HEf (no tagged Z-year-olds were available in 1981). 1Inm
the 2 years foTlowing the die-off, lactation rate was 103 for Z-year-olds
(N = 10), and B7% for older females (N = B8 female-years). The change in
lactation rate before and after the die-off was significant (2-year-olds:
G = 9,94, P<0.005: older females: § = 4.83, P<0.05): as female numbers
declined, so did the fregquency of lactation. Tamb survival to 1 year of
age was 41% in 1986-1987 (N = 37), 36% in 1987-1988 (N = 39), compared to
an average of about 67% in the 4 years before the die-off. The proportion
of lambs that were born after 10 Jume 1increased with the number of
resident ewes (Festa-Bianchet 1988c).

Counts of Lungworm Larvae

There was no change in average counts of lungworm larvae from fecal
samples collected from females in March and April from 1981 to 1986 (Fig.
2). There was a large increase in 1987.

The Die-off

In August 1985, an untagged Z-year-old female was found dead.
Necropsy revealed acute pneumonia. Pasteurella hemolytica type A was
récovered. No other evidence of pneumonia was found during the summer and
early autumn, but lamb survival to October was poor (53%, N = 51}, com-
pared to the average of 71% for the previous 3 years (N = 12B) (G = 5.71,
F<0.03). Causes of Tamb deaths could not be determined because no
carcasses were récoveread. Some coughing was observed among all sheep in
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Figure 1. Average number of bighorn sheep seen during censuses of the
winter range in the Sheep River Wild1ife Sanctuary, Alberta, from Dctober
te March, and total number of ewes (adults and yearlings) in the Sheep
River population in March of each year.
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Figure 2. Average square-root transformed counts of first-stage lungworm
larvae per gram of dry feces from fecal samples collectad from marked
resident ewes at Sheep River, Alberta, in March and April.
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early autumn, but only at levels comparable to those seen in the previous
3 years.

The all-age die-off (Spraker and Hibler 1982) started in the second
week of Movember. By the end of the month, 1B carcasses had been found, 1
apparently unhealthy female had been shot and a few more marked sheep were
missing. At least 8 sheep died in December. Later, the rate of mortality
declined, but sheep continued to die until early April. In total, remains
of 37 bighorns were found, and a further 20 marked sheep disappeared. |
estimated a total loss of &60-65 individuals, not counting the lambs that
died before MNovember. It is 1ikely, however, that not all deaths were
related to the epizootic.

Sheep of all sex and age classes died during the epizootic (Fig 31,
except for yearling females and males older than 6 years. Only 1 of A
tagged males & years of age and older died during the die-off. Yearling
males were one of the sex-age classes most affected. In addition to the 6
tagged ones (Fig. 3), 4 untagged yearling males were recovered dead. Mor-
tality among yearlings was significantly higher for males than for females
(Fisher exact text, P = 0.01). Only 7 of 53 lambs born fn 1985 (13%,
including the lambs born to the 2 remaining untagged females) survived to
1 year of age.

0f 11 carcasses necropsied, P. hemolytica type A was recovered from
7, and type T from 2 lambs. Hn_sigm:r'ﬁumnia werg evident in at
Teast 3 dead sheep from which type A was recovered, and cause of death
could not be determined for 2 others. The dead sheep appeared in good
condition, with no obvious evidence of malnutrition.

Ewes that died during the epizootic appeared to have had higher
fecal counts of Tungworm larvae in the previous March-April, but the dif-
ference was not significant (Fig. 4). Ewes that bred as yearlings were
more 1ikely to die during the epizootic (6 of 22) than females that had
not bred as yearlings (none of 11) (Festa-Bianchet 1987).

DISCUSSION
External Sowrces of Stress

The winter range was subject to heavy grazing by livestock, road
construction and other potential sources of stress. rattle grazing
gccurred from mid-June to early COctober. In 1984 and 1985, 100 to 300
cattle were in the winter range for most of the symmer. B8y Septamber in
bath years the grass over the eéntire range was grazed down to Tess than 5
cm. Two ta 5 horses wintered in the wildlife sanctuary, and the number of
horses increased to 7-11 From May to October. Drought in 1984 and 1985
may have Towered the productivity of the range.

Road construction 1n 1982-1985 destroyed 10-12 hectares of winter
range, and at times generated considerable dust pollution. Sheep were
seen sneezing and rubbing their noses, which appeared 1rritated by dust.
Dust has been implicated as a predisposing agent in other pneumonia
epizootics (Spraker et al. 1984)., Aeclamation of the areas destroyed by
road construction either did not begin or was unsuccessful until 1985.
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Figure 3. Tagged bighorn sheep that died during the 1985-1986 pneumonia
epizootic at Sheep River, Alberta. MWumbers in bars refer to marked sheep
of each class alive at the onset of the epizootic. Percent mortality was

calculated from this sample.
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Figure 4. Average square-root transformed counts of lungworm larvae per
gram of dry Feces in March and April 1985 for ewes that died during the
1985-1986 pneumonia epizootic, and ewes that survived the epizootic.
Numbars in bars indicate sample size.
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The sheep were habituated to people in the wildlife sanctuary.
Instances of harassment by tourists were rare, and almost always involved
dogs or amateur photographers without telephoto lenses. The number of
people residing fn the wildlife sanctuary (mostly government employees)
increased to about 12-20 in the summer and &-B in the winter. Two to §
dogs were kept by these people, and several instances of sheep-chasing by
dogs were observed. The sheep appeared to avoid areas near residences
where dogs were kept unleashed. In late summer 1985, 1 was led by these
circumstances to predict that a pneumonia die-off was imminent.

Possible Causes of the Die-off

The cause of this die-off cannot be determined with certainty. |
believe that it was brought about by an increase in sheep numbers and
abuse of the winter range. An fmportant unanswered question 1% whether or
fot this die-off would have occurred without the human-rélated fources of
stress.

Under normal <ircumstances, In a healthy bighorn population, the
immune system can probably prevent invasion by preumonia pathogens. The
immune response, however, can be impaired by inadequate nutrition (Chandra
1972).  Presumably, outside stresses that require the expenditure of
metabolic energy have the same effect. Bighorns whose habitat 1is
destroyed orF ovérgrazed, and that are harassed or prevented by dogs or
people from using parts of their range, are 11keély to suffer nutritional
gtress, which may in turn affect their immune system.

In the past, emphasis has been placed upon a causative role of lung-
worms in bighorn pneumonia (Forrester 1971). The term "1 ungworm=pnéumoni a
complex" 15 widely used (Huschley and Worlay 1986; Layne and McCahe 1986).
There 15, however, no clear evidence that lungworms cause pneumonfa,
except in the case of lamb mortality following transplacental infection
{Spraker 1979). Mast (passibly all) bigharns have lungworms (Uhazy et al.
1973; Festa-Bianchet 1987), hut normally do not develop pneumonfa. Lung-
worm parasitism 15 1ikely a source of metabolic stress, but other
parasites may have a similar effect. "Stress-related pneumania" (Spraker
et al. 1984) is a better name for this disease. The difference in lung-
worm larval counts for femsles that died or survived the epizootic (Fig.
4) 45 difficult to interpret because it is not significant. Possibly,
some individuals had a particularly ineffective {mmune system, and ware at
the same time wunable to curh the reproductive performance of thefr lung-
worms (Wakelin 1984; Gibbs and Barcer 1986) and unable to prevent invasion
by pneumonia pathegens. Lungworm larval counts appear to correlate with
body condition of individual sheep (Festa-Bianchet 1987).

Predictor Variables

Average larval counts for all females (Fig. 2} did not change from 4
years before to 2 years after the die-off, and the very high larval counts
of March and April 1987 were not followed by pneumonia. Clearly,
monftoring fecal counts of lungworm larvae is not a reliable way to
predict pnesmonia epizootics. This technique would be particularly
ambiguous when samples are not collected from known individuals and when
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the raw data are analyzed with parametric statistics without transforma-
tion (Festa-Bifanchet 1987, 1988b: Festa-Bianchet and Samson 1984).

Coughing 15 not always a predictor of pneumonia, but frequent and
vislent coughing bouts are not normal and warrant further investigation.
Much more frequent amd violent coughing than that obsarved 1n 1985 was
segn in this herd preceeding the 1978 die-off (Wishart et al. 1980), and
in the autumn of 1981, when no evidence of pneumonifa was found. [t would
be wseful to obtain data on prevalence of coughing bouts in other herds.
Coughing 15 frequently reported before and during pneumonia die-affs (Feu-
erstein et al. 1980: Spraker and Hibler 1982: Onderka and Wishart 1984),
but there is little information on its occurrence outside of pneumonia
epirontics. It is also unclear whether individuals that cough freguentliy
and wviolently are more 1ikely to develop pneumonia than individuals that
cough less.

Population parameters also failed to provide & clear warning of a
deteriorating situation, with the possible exception of the increase in
Frequency of Tate-born Tambs (Festa-Bianchet 19B8¢). Lambing dates, how-
aver, aré difficult to determiné. The prévalence of lactation among young
females should have declined with the Iincrease 1n population size
(Jorgenson and Wishart 1986). [Instead, 1t remained constant until after
the die-off. Population dynamics after the epizootic, particularly lamh
survival , may reflect 1ingering effects of the disease and therefore not
show the expected density-dependent relationships (Wehausen et al. 1987).

The die-off described here differed from other pneumonia epirootics
(Feuerstein et al. 1980; Onderka and Wishart 1984; Spraker et al. 1984),
Prneumonia could not be diagnosed in some of the dead sheep, and mortality
did not show the characteristic bifas towards older males. There was no
eyidence that the pneumonia spread to nefghboring herds, despite known
contact with the Sheep River group (Festa-Bfanchet 1986a,b).

Stel fox (1976) hypothesized that bighorn populations that increase
in density will suffer die-offs before they reach a balance with their
environment. Hoefs and Bayer (1984) convincingly argued that this hypoth-
esis does not apply to Dall sheep (Ovis dalli). It may apply to some big-
horn populations, possibly those that have Deen exposed to domestic 1ive-
stock (Goodson 1982). Long-term studies of other populations are required
to determine under what circumstances [other than exposure to domestic
sheep] pneumonia epizootics are 1ikely to occur among bighorns.  The
available evidence {Potts 1938; Feuerstein et al. 1980: Bafley 1986: this
study] suggests that to avoid pneumonfa management must be preventive,

Freventive Management

The {ideal management strategy for bighern sheep should include
habitat protection and population control. Control would only be neces-
sary when predation and other natural sources of mortality are low. It is
difficult to establish what 1s a "“safe" population sfze, but Jlarge
increases in established populations should be avoided. Habitat protec-
tion muyst be an fntegral part of any management strategy for bighorn
sheep. In the Shéep River case, political expediency and local incompe-
tence overrode wildlife concérns, and may have caused the die-off. Hope-
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fully this case history can be used to prevent similar abuses of bighorn
habitat in the future. Potts (1938) suggested that pneumonia can be
avoided through habitat protection. Fifty vears later, this basic prin-
ciple of bighorn management 15 sometimes ignored by local authorities.

Unleashed dogs, heavy grazing by livestock, and extensive hab{tat
destructfon cannot be allowed in bighorn ranges 1f the goal 1s to preserve
the sheep population. Righorn sheep can habftuate to human presence and
because they occupy open habitat they can be easily observed. At Sheep
River, bighorn harassment by tourists was uncommon and did not affect the
behavior of the sheep, with a few unfortunate exceptions. [In preparing
programse to protect bighorn sheep ranges, managers must strike a balance
between uses that should be tolerated or encouraged, and abuses that
should be prevented. Theré 15 a strong need for more case reports, both
of preumonia epizootics and of circumstances when suspected outside stress
did not result in pneumonia. These data are necessary to provide
guidelines for managers in deciding how much stress 1s too much stress.
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LUNGWORM SURVEILLANCE IN BIGHORN SHEEP: POSSIBLE APPLICATIONS FOR
POPULATION DENSITY ESTIMATES AND RANGE USE ASSESSMENT
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Abstract: Population trends of certain wild ungulates (2.g9., white-tailed
deer] have been shown to be roughly proportional to the prevalence and
fntensity of the large stomach worm, Haemonchus contortus. Although com-
parable data on gastrointenstinal helminth Tevels 1n bighorn sheep seldom
arg avaflable, finformation on Tungworm (Protostrongylus spp.] infactions
frequently is accessible because of the assumed role of this nematade in
the Tungworm-pneumonfa respiratory disease complex in Ovis canadensis. In
addition to the direct application of lungworm prevalence data for herd
health assessment, the pessibility of utilizing Protostrongylus counts as
an index for correlating herd densities and chronological fluctuatfons in
population numbers warrants consideratfon as a possible management tool.
In order to test this hypothesis, estimates of the size of bighorn herds
on summer or winter ranges were examined in relation to fecal output of
protostrongylid larvae and/or an appraisal of lTung lesions and worm counts
postmortem in 3 Montana herds ranging in size from less than 100 sheep to
myre than 800 animals., A retrospective assessment of the relevance of
this technique for estimating population densities and evaluating range
use relationships in bighorn herds suggested that Fecal larval counts
paralieled herd growth for & time in expanding populations, but fafled to
show consistent correlations as bighorn populations continued to grow.
Postmortem worm counts showed a tentative relationship to degree of lung
involvement, but were useful primarily to supplement fecal analysis data
and relate respiratory tract Jesfons to specific types and numbers of
adult parasites.

The role of disease in regulation of wild ungulate populations is
recognized as a significant factor in certain instances, e.g. the
Tungworm-pneumcnia complex 4n bighorn sheep (Buechner, 1960; Forrester,
1971).  The well documented history of recurring respiratory diseass
problems in Rocky Mountain bighorn sheep and the comsistent occurrence of
protostrongylid Tungworms fn affected herds has led to the assumption that
this parasite 15 involved either directly or as & predisposing agent in
triggering outbreaks of respiratory disease (Uhazy and Holmes, 1971:
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Lange, 1974; Schmidt et al., 1879). As & conseguence, surveillance of
lungworm incidence has become 2 common practice to meoniter rates of infec-
tion and assess the risks that appear to be associated with high
Protostrongylus levels.

Additional applications of lungworm prevalence data may emerge as
indices reflecting fluctuations in herd densities and in effect could
serve as an early warning system for {dentifying bighorn populations
approaching critical lewvels, particularly in rap?dty gxpanding herds.
Frevious efforts to relate parasite intensity to ungulate herd density
have been described by Eve and Kellogg (1977) and Demerais et al. (1983),
who demonstrated that correlations may exist between abomasal nematode
counts (Haemonchus sp.) and the density of white-tailed deer herds in
southeasfern United States. Based on amalysis of lungworm infection data
from several Canadian bighorn herds, Holmes and Samuel (1974) postulated
that Protostrongylus levels might reflect the condition status of mountain
sheep populations because of fimplicit parasite fnvolvement in  the
lungworm-pnéumonia disease complex. In the present paper, the relation-
ship between Tungworm levels and population densities was evaluated to see
if lungworm larval shedding rates andfor relative worm populations and
Tung Tesfons might serve as an analytical tool for estimating population
densities and/or range status ip J western Montana bighorn hérds.

METHODS

Rate of excretion of lungworm larvae fn bighorn feces was estimated
with the Basrmann technique (Thorne, 1982). Fecal samples collected on
bedgrounds or around feeding sites at monthly or quarterly intervals were
stored in paper bags at approximataly 4°C until they weré processed in the
lab. Quantitative counts of Tarval output were based upon the number of
first stage larvaes 1solated from 2-10 q. peéllet groups after suspension in
tap water for 12-18 hours At room téempératuré.  Larval counts were
expressad as larvae per gram of feces (LPB). These data were used to
derive a lungworm index which was calculated by multiplying the percentage
of infected sheep by the mean larval output for the group at each sample
interval .

Supplementary data on lungworm finfaction fintensity and species
OCCUrTEncE wWas based on postmortem exasination of respiratory tracts from
hunter-killed sheep, road kills, and {individuals taken for research
purposes. After the respiratory tract was removed intact, the pleural
surfaces of the lung were examined for plaques, nodules, bullae or other
lesfons characteristic of Infection with the parenchymal lungworm,
Protostrongylus stilesi. The trachea, bronchi and major bronchioles were
opened Tongitudinally with scissors and the epithelial surfaces were
examined grossly for P. rushi adults. The entire tract then was chopped
into approximately 1 x & Tnch pleces which were agitated in warm saline
solution on a reciprocating shaker for 30-45 minutes in an attempt to
recover larval or adult forms embedded in lung parenchyma. Worms
recovered by this procedure were counted and {dentified to species where
feasible, using the criteria of Honess and Winter (1956) and Thorne et al.
(1983). Several bighorn foetuses also were examined to determine whether
prénatal lungworm finfections occurred in lambs born to infected ewes.
Respiratory tracts from foetal lambs were removed intact, chopped into
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small pieces, and digested in pepsin-hydrochloric acid seolution for 14-16
hours at 37°C to assay for the presence of larval or adult lungworms. The
resulting tissue digests were washed on a fine mesh screen to collect
Protostrongylus specimens recovered from infected tissue. A total of BO6
fecal examinations and 40 necropsies performed on the Ural-Tweed, Thompson
River and Sun River bighorn herds were analyzed retrospectively as the
basis for this report. Previous data on Tungworm prevalence and intensity
in these herds are in Worley et al. (1976).

Estimates of herd size used for comparative purposes in this study
were based on annual census data calculated from aerfal and/or ground
surveys made each year in mid- to late winter to include all age classes
prior to lambing. A correction factor was employed in certain instances
to compensate for the fnability to verify total numbers in the Ural-Tweed
and Thompson River herds where heavily forested habitat made accurate
counts difficult. This was based on the assumption that only about 75% of
the sheep present in the area were actually observed during each count.
Hence, each estimate of total numbers was arbitrarily increased by 26%. A
repetitive Lincoln-Index method utilizing marked animals was used during
the early years of the Thompson River study to derive population
estimates.

RESULTS
Ural -Tweed Herd

Prevalence and dintensity of Protostrongylus finfections were
monitored via fecal analysis in this northwestern Montana herd at 5
fntervals during the 1ll-year periocd from 1976 to 1987 (Table 1). The
lungworm index doubled in the early years of the study during a period of
static herd size ranging between 25 and 40 animals. Growth of the herd
over the next 7-8 years roughly paralleled the rise in lungworm infection
levels. During the pext three years, herd size continued to increase,
while the lTungworm index decreased to negligible levels,

During this ll-year period the proportion of larval counts that
exceeded 100 LPG paralleled the Tungworm index curve closely, i.e. the
fewest counts >100 occurred at the beginning and end of the period when
counts were lowest and peaked fn 1985-86 when lungworm prevalence and
intensity were highest, A 212% increase in herd size was accompanied by a
19% increase in mean Protostrongylus counts, based on 505 sheep sampled
during the 1976-87 interval. Total range area available to this herd was
relatively constant at approximately 9477 hectares and did not vary
seasonally.

Incidental findings derived from postmorten examinations on 6 sheep
of efther sex ranging in age from 1 1/2 to & years revealed extensive Tung
lesions suggestive of clinical lungworm-pneumonia syndrome {in only 1
animal. The parenchymal Tungworm (P. stilesi) occurred in a single sheep,
whereas P. rushi was present in low to moderate numbers (1-44 worms) 1n §
sheep. Conturrent infections with both Tungworm species were seen in only
1 animal. The single sheep with clinfcally significant lung lesions was
E;amggeﬂ during the third year of the study prior to the rapid expansion
of ¢ erd.
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Table 1. Relatfonship of lumgworm larval counts to estimated size of
Ural-Tween bighorn herd (1976-87).

Av. Proto-

:::ﬂ:jng Tnf:: ted cn%. ) r?ﬁgu:ﬁ?ﬂ* ::r::
1976-77 80 (40/50) 5.3 0 2540
1978 85.3 (204/239) 9.5 1.2 25-40
1985 - 96.2 (75/78) 49.1 7.6 60-70
early BE
1986 7B.5 (52/79}) 2b.1 7.5 80-90
1987 76.2 [45/59) §.3 0 100

CHANGE : =% +19% +212%

Thompson River Herd

This herd occupies approximately 28,560 hectares of forest range
adjoining the Thompson River in northwestern Montana, Prevalence and
intensity of lungworm infections were monftored via fécal examinations at
4 intervals during thé nine-year period between 1973 and 1982 (Table 2).
Quantitative Baermann éxaminations based on 301 fecal samples indicated
that Tungworm Jarval shedding levels at the beginning of the study in 1973
increased about 427% by 1981. During the same périod, total sheep numbers
increased by B2%. The resident sheep population has continued to increase
at about a 20% annual rate since 1982, with very 1imited postmortem data
suggested that no major change in Protostrongylus infection levels has
sccurred concurrently.

Detailed postmortem amalysis of 14 sheep between 1973-80 indicated
consistently low adult lungworm papulations throughout this period. OF 5
adult ewes, 3 rams and 1 yearling ewe examined at necropsy, 3 sheep were
infected with P. stilesi, 2 with P. rushi, and 4 were negative for adult
lungworms. Total worm burdens were Tess than 5 in all instances. Lungs
of 2 sheep with P. stilesi and 1 with P. rushi had lesions consisting of
raised plaques or nodular foci under the pleura. None of 5 near-term
(March-May) foetuses from pregnant ewes with active lungworm infections
showed evidence of prenatal Protostrongylus infections. MNo gross lesions
were seen in respiratory tracts of Chese lambs.

Sun River Herd
Chronological changes 1n lungworm infection levels fn Sun River

sheep were monitored over a 13-year perfod fn which major fluctuations
occurred in the size of the herd (Table 3). The range occupied by these
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Table 2. Relationship of lungworm larval counts to estimated size of
Thompson River bighorn herd (1973-82).

Av. Proto-

period infected  comtILPE)  ol00LpG.  Sire
1873 73 (33/45) 26.6 8.8 241
1974 B8 (136/155} 256.7 77 241
1981 62 (37/60) 140.4 5.0 438
1982 93 (38/41) 29.7 4.8 481

CHANGE : +27% +12% +100
Table 3. Herd size in relation to lungworm levels in the Sun River

bighorn population (1971-84].

No. sheep infected Adult Tungworms/sheep

Herd Lungworm

Year Slze Total no. examined  P. stilesi P. rush{ larvae*
15371 589 4/4 0 13 <]
1573 880 4/5 4 3 <]
1976 1000 1/1 0 B 7
1984 G600 5/9 only frag- 184 9

ments rec-

overed; total

no. findeter-

minate

«® Expressed as larvae/g of feces

sheep consists of approximately 80,862 hectares of reefs, cliffs and
ridges interfacing with foothills grassland along the east front of the
Rocky Mountain chain. Historically, this area has supported the largest
bighorn herd in the region.

Baseline necropsy cobservations in 1971 indicated that the predomi-
nant lungworm species in a small sample of the herd was P. rushi, with
pleural adhesions and Ffibrinous pleuritis present fn some animals,
Additional postmortem observations in 1973 demonstrated that P. stilest
was present in 3 of 5 adult ewes selected at random from a herd then
numbering about 880. Two of the 3 sheep also had concurrent infections
with P. rushi. Emphysematous areas in the diaphragmatic lobes of the lung
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and/or areas of patchy congestion were evident in 4 of § adult sheep
pxamined.

Continued growth of the population during the next 6&-8 years
culminated in a herd of 1000-1200 sheep. Limited postmortem data during
this period did not indicate that a parasite buildup was occurring. How=
gver, an extensive die-off apparently correlated with severe respiratory
problems began fn early 1984, following similar outhreaks in British
Columbia and Alberta (Onderka and Wishart, 1984). Examination of 9 adult
ewes and rams showing varying degrees of respiratory disease revealed a
marked fincrease in Protostrongylus numbers in some animals, wsually
accompanied by sfgns of bronchopenumonia. Extensive areas of congestion
were common in the diaphragmatic lobes, along with raised plaques under
the pleura. Populations of 200-500 adult Jungworms were observed in some
sheep. A mortality rate of approximately 40% reduced the herd to about
600 animals within 3-6 months.

DISCUSSION

The ability to recognize fluctuatfons In lungworm Tnfection levels
and relate them to bighorn population trends appeared to have some
application fn both the Ural-Tweed and Thompson River studies, where a
steady growth in both herds over an 8-9 year period was accompanied by a
proportionate increase in lungworm indices. Increases 1n larval output
and the proportion of infected Ural-Tweed sheep preceded an approximately
2-fold dincrease in herd size over a T-year perfod (1978-85). In the
Thompson River herd, fecal larval counts and herd numbers increased simul-
tanegusly over an B-year period. In both herds, larval shedding rates
decreased precipitously at this point while sheep numbers continued to
increase. This suggests that herd fmmunity to Tungworms may reach an
effective level after adequate exposure occurs in a growing population to
the point that it either actually reduces the prevalence of Infection via
& "self-cure” response (Stewart, 1955) or merely appears to do so by
reducing fecundity of the existing lungworms. In either Instance, it
makes interpretation of lungworm larval counts more difficult and fin
general reduces the predictive value of fecal amalysis data. Other hiolo-
qical criteria of value for judging overall herd heal th status, in conjun-
ction with Tungworm monitoring, include routine determinations of lamb/ewe
ratios, Field morbidity and mortality observations, and incidence of
coughing and other signs of respiratory disease under field conditions.

Little or no opportunity existed during the present study to
evaluate the feasibility of using lungworm larval discharge rates for
anticipating overcrowding 1ikely to trigger episodes of Field mortality.
Quantitative fecal analysis data collected at reguiar intervals appearad
to be the preferred method for monitoring lungworm status of a herd.
Postmortem findings can be a useful adjunct to relate Tung lesions to
specific numbers and types of Protostrongylus adults and to determine the
extent of lung damage. However, the n-uiﬁlur of necropsy specimens required
to estimate herdwide parasite loads accurately probably would be fmprac-
tical to collect in most instances because of the large number of sheep
required for examination to compensate for individual variability in worm
numbers .
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Abstract:  Seasonal and annual varfation in Tungworm (Protostrongylus
spp-) infection and larvae shedding within a population of bighorn sﬁiep
indigenous to the coniferous forests of northwestern Montana are examined.
Fecal samples were collected in 1976 to 1978 after a severe die-off and
the bighorn population was at a low, and 1985 to 1947 after a period of
population recovery. Lungworm prevalence for the 2 perfods were similar,
averaging 84.4% and 81.5% respectively. Larvae shedding was also similar
with very low numbers of larvae per gram of sheep feces. WNinety percent
of the fecal samples examined contained <30 larvae per gram of sheep
feces. Significant variation between months was observed for both the
prevalence and larvae output.

The potential role of the lungworm-preumonia complex as an important
mertality factor in Rocky Mountain bighern sheep has long been recognized
{Buechner 1960, Forrester 1971, Stelfox 1976). Monitoring and evaluation
of both lungworm prevalence and levels of discharge of first-stage larvae
(Ly} in the feces have become & regular part of bighorn sheep management
programs and studies. Often these collections and associated analyses are
of short duration or conducted only during & particular season. Two
studies of the Ural-Tweed bighorn sheep population have provided yearlong
cﬂllﬁtt:ﬂns of fecal material for analysis of lungworm levels within the
population.

The Ural-Tweed bighorn sheep population, the only natifve herd
remaining in northwestern Montana, occupies a Jong, narrow band of
over-steepenad, heavily-timbeéred terrain (9,470 ha) along the sast shore
of Lake Koocanusa between Libby and Eureka, Montana. This herd numbered
approximately 150-200 sheep during the 1950s and early 19605 (Blair 1955,
U.5. Dep. Inter. 1965). During the late 19605 and early 19705, the
population suffered a die-off and numbersd 25-40 animals in 1978 (Brown
1979). Currently the population is undergoing steady growth and numbers
approximately 100 animals (Yde, unpub. data). The first of the 2 studies
was conducted by Brown from 1976 to 1978 at a time when the population was
at a2 low level following the die-aff. The second set of data was
collected by Yde from 1985 to 1987 as the population started to recover.
The information on lungworm prevalence and Ly larvae discharge rates
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that has been collected will provide a baseline for comparison as the
population continues to grow and responds to large-scale habftat treat-
ments, which are being completed on the range.

The U.5. Army Corps of Engineers (Contract No. DACWE7-76-C-0083) and
Bonneville Power Administration (Contract Mo. 84-39) provided funding for
the 1976-T8 and 1984-87 projects, respectively.

METHODS

Fecal materifal was collected from known bighorn sheep defecations.
From October 1976 through April 1977, a total of 50 fecal pellet groups
were collected; 23 in 1976 and 27 in 1977. During 1978, 240 fecal pellet
groups were collected at a rate of 20 samples per month. From May 1985
through December 1987, 3-34 samples were collected monthly, with the
exceptions of October 1985, and March and June 1986 when no samples were
collected. During the 1985-87 study period, direct observation of bighorn
sheep defecations were made as conditions permitted. This resulted in
classification of the fecal samples to bighorn sheep sex and age class.
During both studies the individual samples were stored in paper hags at
approximately 4°C until they were processed at the Montana Veterinary
Research Laboratory, Bozeman, Montana. The Baermann technigue (Baermann
1917) was used to determine the number of lungworm larvae per gram fecal
materfal.

Postmortem examipatfon of the respiratory tracts obtafned from 8
sheep mortalities - road ki11s, predation, poaching and natural - provided
supplementary data on the lungworm infection level within the population.
Methods of examination are explained in Worley et al. (this publication).

RESULTS

A total of 556 of 672 fecal samples (B2.7% were infected with Tung-
worms during the 2 study periods. There was no significant difference [P
* 0.81) among complete years (1978, 1986 and 1987). The data from all
years wore combined to {llustrate the monthly and seasonal variation in
the prevalence of infection (Fig. 1). This figure illustrates there were
gignificant variations in prevalence between months (P < 0.005) and season
(P < 0.05). Figure 2 i1lustrates the prevalence as determined for sex and
age class of bighorn sheep during the 1985 to 1987 study period. Statis-
tical analysis of the prevalence determined there were no significant dif-
ferences between the rates for the 2 sexes (n = 383, P > 0.89), age class
{n = 311, P > 0.51) and sex age class (n = 311, P » 0.65).

Figure 3 illustrates the freguency distribution of shedding rates
(Ly Tarvaefq Fecal material -- hereafter designated LPG) observed during
£ periods of study. Low levels of larval output were observed throughout
the £ study periods, with more than 90% of the samples containing <30 LPG,
Figure 4 {llustrates the shedding rates by month, season and year. Anal-
ysis indicated there were significant differences in larval shedding rates
between months (P < D.001) and season (P < 0.001).

Postmortem examination of respiratory tracts from 8 bighorn sheep
collected from the Ural-Tweed population was conducted (Brink 1941, Brown
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Fig. 1. Prevalence of lundgworm infection for the Ural-Twead
bighomm shesp population, as detsrmined by combining all fecal
samples (N=672) collected from 1976-87. B=Brown: Y=Ydo.
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1979, Yde, unpub. data). Seven adult bighorn sheep were infected with
Protostrongylus spp. adults. Adult lungworms, fdentified as P. rushi
werefound in & of the B respiratory tracts. Adult P. stilesi wére Tound
in conjunction with P. rushi in one animal (Brown 1979). Lungworms found
in 1 of respiratory tracts were fdentified only to genus. One adult
female bighorn infected by P. rushi carried a near full-term fetus, which
was not infected by Jungworms. Forrester and Senger (1954) reported that
5 hunter-killed Ural-Tweed rams éxamined from 1959 to 1962 contained both
P. rushi and P. stilesi within the Tung tissue.

DISCUSSION

The Ural-Tweed bighorn sheep herd 15 currently undergoing a popula-
tion increase following a catastrophic decline in the late 19605 and early
1970s. The high prevalence of lungworms (B84.4%) reported by Brown (1979)
after the die-off has remained during the current périod af population
recovery. Similar levels of infection were previously reported for the
Ural-Tweed population (Couey 1950, Forrester and Senger 1964), as well as
the other bighorn populations (Couey 1950, Buechner 1960, Forrester and
senger 1964, Forrester 1971, Uhazy et al. 1972, Stelfox 1976). The high
level of infection was found in all sex and age classes, including the
lamb segment. The high prevalence among lambs indicates that lungworms
are acquired at an early age, possibly even through transplacental migra-
tion. Postmortem examination of an adult female and associated near-term
fetus indicated no transplacental migration of lungworms. This method of
infection, however, has baen documented for bighorn sheep (Forrester and
Senger 1974, Hibler et al. 1972, 1974).

Lange (1974) reported there are often small areas of habitat that
contain large concentrations of infected snmails. Frequent use of these
areas by bifghorn sheep increases their exposure to the infected smails,
thereby providing for the continued infection and reinfection of the pop-
ulation. Telemetry data collected by Brown (1979) and Yde (unpub. data)
indicate the sheep utflize the entire Ural-Tweed range, concentrating in
selected seasonal-use areas. Within these areas of seasonmal concentra-
tion, there are sites preferred by the bighorn sheep. These preferred
sftes are routinely visited by bighorn sheep as they utilize or travel
through a given area. The presence of 1 or more snafl concentration
areas, as described by Lange (1974}, within these preferred sites would
increase the Tikelihood of a particular sheep becoming {nfected with Tung-
WOFMmS .

The continued high prevalence of infection within the population
indicates the parasite is an integral part of the ecology of the Ural-
Tweed bighorn sheep population. Because of the pattern of habitat use,
any non=-infected bighorn sheep hawve a high risk of being infected by the
parasite. The prevalence Tevel has remained high during a period of
population growth. This findicates that unless a treatment of a bighorn
sheap population for Tungworm infection is completely successful, reinfec-
tion of a majority of the population will occur within a relatively short
period of time.

Shedding rates for lungworm Tarvae were low: 90% of the fecal
samples that were analyzed contained <30 LPG. This level of ocutput is



considerably below the Tevel previously reportéed for the Ural-Tweed
population (Couey 1950, Forrester and Senger 1964).

Significant seasonal variations in both the prevalence and larval
output of Jungworm were observed during the 2 studies. Peaks in preval-
ence were found 1n January, April and Hovember (Fig. 1), while larval out-
put peaked in February, Jung and MNovember (Fig. 4). Monthly Jungworm
larval output from the Wildhorse Island, Montana, bighorn shéep population
peaked in Fabruary and May (Forrester and Senger 1964). Uhazy et al.
{1973) reported a similar peak from Januvary through March. The peaks that
have hean observed correspond to periods of high stress, 1.e., the rut,
mid-winter concentration, and parturition. This may indicate a relation=-
ship between the life cycle of the parasite and they physiology of the
host. The greatest level af larvae were shed on areas of bigharn sheep
seasonal concentration, thus increasing the potential to reinfect the big-
horn population. The spring increase in larval output may also be related
to the shift to more succulent vegetation. Gevondyan ([1958) found that
such a shift increased the amount of Muellerius capillaris larvae shed by

sheep.

The seasonal variation in the infection and larval output rates,
indicate that cautfon should be utilized when considering the collection
and analysis of lungworm related data. 1f the data are to be collected
only from a short seasonal period, the collecting period should coincide
with one of the peak perfods of larval shedding. The mid-winter and
spring periods appear to be the best periods to collect the fecal samples;
the sheap are concentrated and the larvaé output rates are maximized.
Collection during these periods should produce the most relisble indicator
of what the levels of infection and larvae output actually are. Addition-
ally, data collected from a specific period should probably only be
compared with the results from comparable periods.
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ASPECTS OF THE LIFE CYCLE OF Protostrongylus stilesi (Nematoda,
Protostrongylidas) I[N BIGHORN & 15 ON EMVIROMMENTAL
INFLUENCES ON EXCRETION OF LUNGWORM LARVAE TN FECES.

BERNISE FOUGERE-TOWER, Alberta Department of Agriculture, Veterinary
Services Laboratory, 6909 - 116 Street, Edmonton, AE TEH 4P2

DETLEF K. ONDERKA, Alberta Department of Agricul ture, Yeterinary Services
Laboratory, 6909 - 116 Street, Edmonton, AB TEH 4F2

Abstract: The effect of experimentally altered environmental conditions
on excretion of first stage larvee (Ly) of Protostrongylus stilesi in
feces of bighorn sheep (Ovis c. canadensis] was jinvestigated. Bighorns
brought into captivity maintained highly elevated but rather variable L

excretions compared to age-matched free-ranging sheep. Water and fo

deprivation of 2 sheep for B days resulted in no change in Ly excretion,
but water and food deprivation and crowding of 5 sheep in a 1.4 x 3 m pen
for 15 days resulted in a 2.5 fold increase in fecal larval output above
the pre- and post-stress levels. Four sheep (2 lungworm-free sheep born
in captivity and 2 captive wild bighorns) were experimentally infected

with Protostrongylus lungworms. MWild sheep were treated several times
with Tvermectin, Sixty-three days after the last treatment, third stage

Protostrongylus larvae (L3), grown in the spajl (Yallonia pulchella were
Tnoculated EnEﬂ the rumen. One sheep was infected with a mixture of P.
rushi and P. stilesi while the other 3 received only P. stilesi. The
prepatent peériod was 45 days for the mixed infection and 4F, 51, and 54
days, respectively for P. stilesi. Quantitation of mature parasites in
the Tungs of two sheep [1 and 239 days post-patency indicated 10% and 30%
of inoculated Lz molted into adults.

Virtually all wild bighorn sheep are infected with PrutaitrungEius
lungworms. From data of necropsies and quantitation of Tungworms, 1t 18
apparent that larvae excretion in the feces does not reflect the extent of
worm burden in the lung (Onderka and Wishart 1984). This suggests a host
controlled requlatory mechanism, but besides seasonal variations, 1ittle
is known about factors that influence excretion of Tungworm Tarvae in big-
horn sheep feces. Furthermore, theé prepatent period for Protostrongylus
Tungworms §5 unknown 1n pure-bred bBighorns.

This paper summarizes results of a study to influence fecal lungworm
larvae excretion and to determine the prepatent peériod of P. stilesi in
bighorn sheep. i

We gratefully acknowledge the finmancial support of the Alberta
Recreation, Parks and Wildlife Foundation. We thank J. Jorgenson and M.
Festa-Bianchet for the capture of the sheep and the use of their field
data of herds from which the animals originated. We also thank W.
Wishart, W. Samuel and J. Hoimes for advice and support.
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ME THODS
Animal s

Seven bighorn l1ambs were captured at 3 locations in autumn in corral
traps bafted with salt or by the administratfon of 150 mg xylazine (Haver-
Lockart Laboratories, Shawnee, Kansas) delivered by a projectile dart
(Cap=Chur gun, Palmer Chemical and Equipment Co. Ltd., Douglasville,
Georgia). They were transported to the laboratory in individual crates
under xylazine sedatfon (4 mg/kg Intramuscularly). They were housed
individually on straw in wiremesh - covered indoor stalls measuring 1.4 x
imand 1.8 m high. The animals were each fed free-choice hay supplomen-
ted daily with 250 g of alfalfa pellets and 2 g cobalt-iodized stock salt
sprinkied on the hay every other day. Four additional bighorn sheep were
acquired from zoos.

Fecal Analyses

Fecal samples were collected from the rectum after the sheep have
been blind-folded to keep them calm. The Baermann technique as described
by Samuel and Gray (1982) was used to determine larvae per gram of dry
feces (LPG). The same method was used to obtain LPG counts from the wild
herds at the Sheep River Sanctuary and Mt. Allan in southwestern Alberta
and from Cadomin in the northwestern Alberta Rocky Mountains from where
the experimental sheep originated. Data were also compared with those of
age-matched sheep from the Ram Mountain herd in westcentral Alberta.

Experiments
A. Environmental Influences on Fecal Larval Output

1. tuqthri%z.--ﬁ-:r lambs from the Sheep River Sanctuary were held
for two months indoors and were then transferred to an outdoor pen
measuring 7 % 7 m where they remained from mid-October to mid-January.
The temperatures were as low as -35C. Fecal samples were col lected twice
a month from e&ach sheéep, Thé numbér of szampleés from age-matched wild
sheep at the Sanctuary varied from | to 11 per month.

2. Food and wateér deprivation.--Twd malée lTambs From Mt. Allan and 1
male lamb Trom Cadomin were acclimacized to captivity from mid-June to the
end of July. [In August, the 2 Mt. Allan sheep were deprived of food and
water for 8 consecutive days but remained on straw bedding. The third
lamb served as control. The frequency of fecal sampling before, during
and after the experiment is given in Figure 2. The degree of dehydration
was assessed using packed cell volume determined on day 1, 5 and 8. Since
no data were available from wild Mt. Allan sheep, LPG was compared to age-
matched bighorn lambs from Ram Mountain. The number of samples from June
through August were 23, 17 and B, respectively.

3., Food and water deprivation with crowding.-=Two wild female lTambs
from Cadomin were m:clilafi:eﬂ to captivity from June to October befaore
they were housed together with 3 male lambs used in experiment 2 in a
stal]l measuring 1.4 2 3 m. A1l § sheep were deprived of food and water

for 15 days, except for a 1ittle water on day 7. Only the 2 female lamhs
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wearg monitored. The frequency of fecal sampling before, during and after
the experiment is given in Figure 3. Packed cell volume was determined on
day 4, B, 11 and 15. The LPG of age-matched wild sheep from Ram Mountain
is the same as in experiment 2 except for October, which is based on only
one sample.

B. Prepatency Period

Trial l.==Two zoo born bighorn lambs found to pass no Tungworm
larvae in the feces were housed in separate indoor s$talls on concrete
fioors covered with straw. One lamb was fnoculated via a rumen tube with
1004 third stage larvae (L3) of P. stilesi and P. rushi grown in 49
¥allonia pulchella snafls as descriBed By Samson and HoTmes (1985). The
gthar Famb was sham fnoculated and sérved as contral.

Trial 2.--A oo born lamb found to pass no lungworm larvae in the
feces was inoculated with 240 Ly of P. stilesi, contained im 20 snails.
To assure single genus ‘1ﬂif'E'l.'t'3['Dn.. tnails were infected with larvae
extracted from typical P, stilesi nodules from Tungs with no evidence of
P. rushi after careful dissection of the airways.

Trial 3.=--= The 2 Mt. Allan sheep used earlier in experiment A-2 and
one 100 born male yearling sheep were used in this trial. A1 3 sheep
axcreted lungworm larvae and had to be treated with ivermectin (Ivomec,
Merck-Sharp-Dome, Kirkland, Quebec) given at 200 ug/kg subcutaneously in
the neck. Several treatments were necessary before the sheep no Tonger
passed Ly in the feces. The zoo born sheep served as control while the
other 2 received 222 Ly and 575 L3 of P. stilesi in 31 and 49 snafls,
respectively.

Rectal fecal samples were collected weekly up to 40 days post
inoculation and from then on every 2nd day until patency was established.
The sheep from trail | and 2 were euthanized 11 and 24 days post-patency,
respectively, using an overdose of intravenous Pentobarbital (M.T.C.
Pharmaceuticals, Mississauga, Ontario). To recover adult nematodes from
the Tungs, nodular tissue was minced and digested in a solution of 3.6 mg
Papain in 50 ml water for 1.5 h at 22 C. For the recovery of larvae, the
nodular tissue was Further digested using .45 g pepsin and .7 ml 37% HCI
fn 100 ml water for 16 h at 37 C. A thin segment of tissue was fixed in
10% bufFfered formalin For histologic examination.

RESULTS
Excretion of Larvae

Excretion of lungworm in sheep feces increased dramatically when
bighorn sheep were brought into captivity as compared to age-matched
animals in the wild herds from which they were caught (Figure 1). The
normal seasonal increase in LPG during the winter months was observed in
the wild herds but not in captive sheep. Exposure of the lambs to severe
weather conditions had no effect on the LPG. Stressors such as food and
water deprivation had no appreciable influence on LPG (Figure 2}, although
it was reflected in a rise in packed cell volume and Toss of elasticity of
the skin. In a second experiment, when the sheep were crowded in addition
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to a longer period of food and water deprivatifon, & distinct increase in
LPG was noticed followed by & decline after the experiment was terminated
(Figure 3).
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Figure 3. Mean numbers of lungworm larvae in feces of wild captive
bighorns compared to age-matched wild sheep. The time frame within the
dotted line refers to 15 days of food and water deprivation and crowding
with 3 additional bighorn sheep.

Treatmant Against Lungworms

A single injection (day 0) of Invermectin to 3 bighorns resulted in
& 97% reduction of LPG after 23 days. A second treatment was gqiven on day
43. At this time, one sheep had O LPG but from day B3 on (40 days after
second treatment) all 3 sheep again excreted lungworm larvae. 5ix months
later, these 3 sheep were again treated with {vermectin. Injections ware
given on day 0 and day 13. Fecal samples taken on day 119 were negative
but a third treatment was given at this time. The sheep were monitored
until day 182 (63 days after last treatment) when two of the animals were
used for experimental Tungworm fnfection. The third sheep served as
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control and maintained 0 LPG for over 260 days at which time the exper-
iment was terminated.

Prepatent Period

The mixed infection of P. stilesi and P. rushi resulted in a pre-
patent period of 43 days. The prepatent period for the P. stilesi
infection was 48, 51 and 54 days respectively. In the sheep inoculated
with 1004 mixed species Lz, the LPG started very low with a steep rise
to 950 after 11 days and 1200 after 24 days. At necropsy, 24 grey,
rifised, firm lungworm nodules consisting of adult nematodes, embryonating
eggs, L1 and lymphocytes contained 294 adults of P. stilesi (126 females
and 168 males). In additfon, there were 35 aduTt F. rushi in airways.
This suggests that after 24 days 30% of L3 developed into adults. The
control sheep had no evidence of lungworms. The sheep from trail 2 was
necropsied 11 days post-patency. It had received 240 L3 of only P.
stilesi. S5ix dark-red, firm nodules were found in the posterior margin of
the caudal Tung lobes. Microscopic examination showed a fairly acute
reaction with hemorrhage, neutrophil and some eosinophil infiltrations in
response to the reproductive activity of the Jungworms. Twenty-two adult
nematodes (10 females and 12 males) were found. The LPG was only &
although an average of 15000 Ly per female were found. At this time 10%
of third stage larvae had developed into adults.

DISCUSSION

The dramatic increase of LPE 1in bighorns brought into captivity
suggests that environmental changes have a marked influence on the excre-
tion of lungworm larvae in feces. This could be further enhanced by
crowding stress. These data support the value of long-term monitoring of
LPG in bfghorns to assess the stress level of a herd., It does not, how-
ever, reflect the actual extent of Jungworm infection fn individual
animals,

Treatment of wild sheep with anthelmintics has been of interest in
the management of small, poor doing herds. Our results, using Tvermectin,
show that at Teast two treatments 14 days apart are necessary for long
term Tungworm control. [f the treatments were spaced further apart sheep
agafn began to shed larvae. The interval between treatment and resumption
of shedding was 40 days. This 15 similar to results réeported by McCraw
and Menzies (1986) 1in the treatment of Muellerius capillaris in goats,
Qur results agree with those of Miller et al. [1987] wTTgﬂWth bigharns
and Gregory et al. (1985) working with goats showing that jvermectin
causes significant reduction of LPG even down to O but differ, in that in
our study, long term monitoring showed resumption of facal larvae excre-
tion while in the other two studies follow up samples were obtained only
for 29 days (Miller et al.) and 14 days [Gregory). The large difference
in the number of Ly developed into adults after oral fnoculation between
11 days and 24 days post-patency lends support to suggestions by McGraw
and Menzies (1986) that this development 1s gradual and {vermectin may
only be effective against adult stages of lungworms.

The prepatent period of P. stilesi infection varied from 48-54 days.
A shorter period was found when a mixed infection with P. rushi was given.
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These data differ considerably from those reported for 3 bighorn sheep by
Monson and Post (1972) (83,119 and 122 days). They likely used a mixed
infection as their source of Ly was fecal pellets from wild sheep that
wera inoculated into bighorn sheep-mouflon crosses.

The gradual development of L3 into adults will be investigated
further in view of the possible storage of L3 in the lung of the ewe for
transplacental transmission to the fetus.
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BROMCHOALVEOLAR LAVAGE TECHNIQUE IN BIGHORN SHEEP: USE IN IMMEDIATE
LUNGWORM DIAGNOSIS AMD CELL FUNCTION TESTS

R. M. SILFLOW, Department of Veterinary Microbiology and Pathology,
Washington State Unfversity, Pullman, WA 99164-7040.

W. J. FOREYT, Department of Veterinary Microbiclogy and Pathology,
Washington State University, Pullman, WA 99164-7040.

Abstract: Segmental lavage was performed on 6 sedated Rocky Mountain
bighorn sheep {Ovis canadensis canadensis) using fiberoptic bronchoscopy.
Alvealar cells were recovered for characterization anmd function tests.
Adult Tungworms tFrutustrunﬁyius spp.] were observed during the lavage
procedure in the lavage fluid recovered from 3 of & sheep. Microscopic
observation of the lavage fluid revealed the presence of Protostrongylus
spp. larvae and eggs in 5 of the & sheep. Alveolar cell viability was
severely reduced in cases where larvae were numerocus, and a direct
correlation between numbers of larvae and cell death was observed (r =
0.80). The bronchoalveolar lavage technique s effective for immediate
diagnosis of lungworms in bighorm sheep and may be more accurate than
existing methods. In addition, bronchoalvecolar lavage f:z a tool for
collecting alveolar cells for the purpose of studying the defense
mechanisms of the Jung at the cellular level.

The pneumonia complex 15 4 major mortality factor affecting bighorn
sheep survival in North America (Potts 1937, Marsh 1938, Buechner 1960,
Forrester 1971, Spraker et al. 1984). Its pathogensis is multifactorial
and complex.

several factors have been fimplicated in the role of prédisposing
bighorn sheep to opportunistic bacteria, of which Pasteurella hemolytica
is the most deadly (Parks et al. 1972, Thorne et al. 1082, Underka and
Wishart 1984). The role of host dafense at the cellular level 15 an area
where 1i1ttle research has been focused to date. It involves investigation
of alveolar cell types to understand their function in healthy animals,
and to observe mechanisms involved in the {mpairment of their function
during disease conditions.

The first line of defense for the lung is provided by the alveolar
macrophage (Trigo et al. 1984, Liggitt et al. 1986). Macrophages function
to phagocytize and kill bacteria and viral particles, and interact with
lymphocytes to play a vital role in subsequent antibody production against
foreign antigens. The alveolar macrophage can routinely be collected from
the Tungs using bronchoalveolar lavage technique. They can be maintained
in tissue culture for at least 1 week, which epables an investigatar to
reconstruct parasitic, viral, or bacterial infections in tissue culture
conditions, and to evaluate the effects on host defense parameters.
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An area of active research in humans and domestic animals 15 the
role of inflammatory chemfcal medfators in disease. Phagocytic cells
reléase membrane-bound arachidonic acid and synthesize 1ts metabolites in
response to inflammatory stimuli. ODifferent inflammatory cell types from
various tissue sites and species generate characteristic profiles of arac-
hidonic acid metabolites following cellular stimulation. These metabol-
1tes have critical lung defense rales when held 1n balance, yet can also
result in tissue injury when that balance 15 lost (Taylor, 1986). This
tissue injury can occur in the lung and predispase alveolar lining cells
to wiral and bacterial 1infection. The functions of the inflammatory
mediators {include chemotactic activity on neutrophils and eosinophils,
thus providing one of the major stimuli for the migration of polymorphonu-
clear leukocytes into inflammatory lesions. They alse play a role in
causing several immune functions to become depressed and thus predispose a
host to secondary infection. This iz believed to be one of the mechanisms
by which respiratory viruses such as parainfluenze-3 acts in the pathogen-
esis of the pneumonia complex (Laegreid et al. unpublished). The infor=
mation gained from studying these mediators may suggest reasons for
differences in species susceptibility to the pneumonia complex and may
provide methods for prevention of compromised lung defenses in bighorn
sheep. Understanding the role of inflammatory mediators has led to the
development of such pharmécological agents such as corticosteriods or
steriod=11ke products having anti=-inflammatory action. An example of
beneficial response from such agents 15 seen in the use of cyclooxygenase
inhibitors to reverse the wvirus 1nduced dysfunction of macrophages
(Sestini et al. 1984, Rinaldo et al. 1985, Laegreid et al. 1984).

Parasitic infection 1s 1 of the factors which leads to impairment of
host lung defense. This study confirms the role of Protostrongylus spp.
in impairment of macrophage fumction by a toxic effect observed on macro-
phages obtained via bronchoalveolar lavage.

Contact between domestic sheep and bighorn sheep has proven to be
detrimental under controlled experimental conditions (Foreyt 1988) and in
some cases may have resulted in major die-offs, due to pneumonia, in wild
bighorn herds (Foreyt and Jessup 1982, Coggins 1988). It is assumed that
such contact resulted in a transfer of Pasteurella hemolytica from domes-
tic sheep to bighorn sheep. The question to be answered i1s why bfghorn
sheep are s0 much more susceptible to the serotypes of Pasteurella
hemolytica than are domestic sheep. -

Identification of factors or circumstances leading to impairment of
host Tung defense would perhaps explain why bighorn sheep are more suscep-
tible to pulmonary bacterial infections than domestic sheep. This would
permit development of specific remedies which may be immunological, pharm-
acological or managerial.

HETHODS
Pulmonary Fhagocyte Collection And Processing
Alveolar macrophages were isolated From the Tungs of 6 bighorn rams,

3-6 years old, following sedation with 50 mg of xylazine hydrochloride
(Rompun, Miles Laboratories, Bayvet Division, Shawnee, KA 66201, USA)



intramuscularly. The herd of bighorns used in the study was located on
their winter range on Hall Mountain in northeast Washington. The trapping
procedure involved minimal stress to the rams which were accustomed to
being fed inside the trap enclosure. A fiberoptic bronchoscope (Machida,
Orangeburg, NY, 10962, USA) with an 1insertion tube 145 cm Jlong and
diameter of & mm was gently lodged into the caudal lobe of the lung.
Aliquots of sterile physiological saline, 60 cc, were infused and
immediately withdrawn. A total of 300 cc of fluid was instilled of which
40-50% was recovered. This lavage fluid was placed in 250 cc centrifuge
tubes and kept on ice for three hours prior to analysis at the 1ab. The
alveolar cell population was characterized by staining a cytocentrifuge
prepared slide with Dif-Quik stain. Total cell number and viahility of
each sample was obtained using a trypan-biue exclusion method in which 0.1
mi of cells were added to 0.1 ml of trypan-blue dye and counted on a hemo-
cytometer. Dead cells stain blue due to their inability to exclude the
dye. The cells were pelleted by centrifugation at 150 x g, and resus-
pended in nutritional media (RPMI) for use in various assays. A monolayer
of adherent cells was obtained by placing them on plastic G-well tissue
cul ture plates.

Since cell viability was lTow from the & rams, we decided to use 4
captive bighorn ewes ages 2-6 located at Washington State University for a
source of alveolar cells to use in phagocytosis and bactericidal assays.
These animals were trapped and sedated in the same manner described above
for the 6 rams, and the phagocyte collection and processing procedure was
identfcal. Mo Protostrongylus adults or larvae were recovered during
lavage of these 4 ewes.

We routinely administer antibiotfcs (5 ml LA-200) at the time of
bronchoscopy as a preventative measure against potentfal infection caused
by handling the animals. We reversed the effects of the xylazine by
giving 10 mg of ychimbine hydrochloride (Antagonil, Wildlife Laboratories
Inc., P. 0. Box 8938, Fort Collins, CO, 80525, USA)} intravenously.

Phagocytosis Assay

Alveolar cells (2 x 105) were suspended along with Staphyloccocus
epidermidis at a ratic of 1:10. This suspension was Tncubated at 37 T for
our to allow the cells to phagocytize the bacteria. The percent of
alveglar cells with finternalized bacteria were counted on OFf-Quick
itained, cytocentrifuge prepared slides of the suspension.

Bactericidal Assay

The bactericidal assay measures the ability of phagocytes to kill
bacteria. The method of Peck (1985) which s based on the ability of
viable bacteria to reduce a tetrazolium dye, MTT, was used. Alveolar
cells were allowed to adhere to 96-well tissue culture plates, To this
monolayer was added a 10:1 ratio Staphyloccocus epidermidis. After 2
hours 1incubation at 37 C, the cells weré |ysed using the detargent
saponin. This allowed the release into the supernatant of bacteria which
may have been phagocytized but not killed by the cells. Nutrient broth
was added to enhance growth of surviving bacteria for 4 hours. The number
of 1ive bacteria was then quantified by adding the tetrazolfum dys MTT
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which was reduced by reproducfng bacteris., The resulting color change
wasmeasured by a Titertek plate reader, and data were communicated to an
IBM-PC for analysis., Results were expressed as percent bacterfa killed
during the exposure to the alveolar cells.

Lungworm Larvae Numbers

Prutﬂstﬁng*lus Spp. larvae were observed in the tissue culture
plates using an inverted microscope. The number of larvae were counted

and expressed as total number of larvae per lavage. Once counted, the
larvae were separated from the adherent alveolar macrophage population by
washing the tissue culture plates with RPMI.

RESULTS AND DISCUSSION

se of the bronchoalveolar lavage technique was successful fin
harvesting alveslar cells of the lower respiratory tract. The animals
recovered rapidly from sedation after receiving yohibmine hydrochloride,
and no adverse effects from the procedure were chserved. An average of
4% of the fluid used in the lavage was recovered and contained an average
of 7.9 x 10% cells (Table 1), As lavage fluid was being retracted, adult
Protostrongylus spp. were observed grossly; eggs and larvae were observed
microscopically on tissue culture plates. Direct observation plus the
capability to quantify parasites in lavage fluid provided a more accurate
assessment of pulmonary afrway invasion by Protostrongylus than fecal
examination methods.

Table 1. Summary data for alveolar cells and Protostrongylus recovered
during 1ung lavage from & rams.

Protostrongylus
Fluid Total

Tag # Recovered (%) Cells (% 108) wviability (%) Larvae Adults
Or-12 A2.50 5.10 G R 0 No
¥-15 §1.67 7.75 A4 10 Yes
¥-12 43.33 7.76 13 30 Yes
G=400 46 .67 8.75 29 50 Yes
Y-11 40.00 12.50 10 30 Ho
Or=2717 45.00 5.50 £g 15 Mo
Mean + SE  44.03+2.0 7.89+1.09 47.17+14 22.5+7.27

The lavage technique can also be accomplished without a fiberoptic
bronchoscope. A 145 cm plastic tube & mm diameter has been successfully
placed in the lung of sedated bighorn sheep with the aid of a veterinary
laryngoscope. The advantages of this method include greatly reduced cost
of equipment, and elimination of the need for electricity. The fiberoptic
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scope however, offers the advantage of allowing visualization of the air-
ways for the presence of parasites or other disease conditions.

A wide range of cell viability was observed using trypan-blue exc-
lusion (10-B8%). The percent of dead cells correlated with heavy loads of
Protostrongylus larvae (r = 0.80) (Fig. 1). This suggests & toxic effect
(7] ¢ parasite on the alveolar cells which may be responsible for predis-
nusi?g an animal to opportunistic bacteria commonly seen in the pneumonia
complex.
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Figure 1. Correlation line {(r = 0.80) showing effect of Protostrongylus
larvae on alveolar macrophage viability (n = & rams).

The cell types present in the bighorn sheep lung were characterfzed
and consisted of an average of V7% macrophages, 14% neutrophils, and 9%
1ymphocytes (Table 2).

Due to poor viability of alveolar cells from the & bighorn rams, the
cells from 4 captive bighorns were analyzed for ability to phagocytize and
kK111 bacteria. When bacteria were present at 10:1 bacteria per alveolar
cell, B3% of the cells were considered actively phagocytic and 58% of the
bacteria were killed in 2 hrs (Table 3).

Results from Table 3 indicate that the live cells are capable of

functioning in the role of first-1ine defense against bacteria. However,
when the total number of Tive cells fs decreased by toxic agents such as
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Table 2. Differential cell counts from alveolar cells recovered by lung
lavage from & rams.

Tag # Macrophages (%) Neutrophils (%) Lymphocytes (%)
Or-12 86 8 9

¥-15 B2 1l 7

¥-12 65 15 20

G-400 50 ar 3

¥=11 98 2 0
0r-277 80 2 18

Mean + SE 76.83+0.9 13.6746.99 9.5+3.27

Table 3. Phagocytosis and bactericidal ability of alveolar cells From
Tung lavage of 4 captive ewes. Mo Protostrongylus were present in the
lungs of these animals.

Tag # Phagocytosis (%) Bactericidal (%)
28 79.50 76.92

291 17.00 74.87

39 91.50 46.78

369 82.00 32.20

Mean + SE 82.5 + 3.17 57.64 + 10.9

Frntustrun%lusr the ability of the host to defend against secondary
arganisms 15 serfously compromised.

By applying the technique of bronchoalveolar lavage in bighorn
sheép, two major purposes can be accomplished: 1) alveolar cells can be
obtained For in vitro studies relating to host defense mechanisms, and ?)
immediate diagnosis of Tungworms s possible by the observation of adults
in the airways or retrieved fluid, or by examination of the fluid for eggs
and/or larvae. Furthermore, the correlation of the effects of parasite
load in the lung with cell function can be made, In addition, many more
of the factors involved in the pathogenesis of the pneumonia complex can
be studied in an in vitra environment, thus eliminating costly and
destructive waste of valuable 1ive animals necessary when in vivigo
experiments are performed.
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SEASOMAL AND SPATIAL DISTRIBUTION OF BIGHORN SHEEP AT AN OPEN PIT MINING
SITE IN THE ALBERTA FOOTHILLS

BETH MACCALLUM, Faculty of Environmental Desfgn, University of Calgary,
2500 University Drive, NW, Calgary, AB TEZN 1N4

Abstract: Mining activity at Cardinal River Coals Ltd., anm open pit
mining site in the Alberta foothills, drastically changed the landscape
from a closed canopy coniferous forest to open terrain consisting of
reclaimed meadows in proximity to unreclaimed pit walls. A population of
approximately 200 bighorn sheep which had been using the mine lease was
studied during the year 1985-86. Ranges for the prerut, rut, winter and
spring seasons were variously located on the lease area, as well as
features such as lambing walls and mineral 1ick sites. High walls of
exhausted pits were used for ascape terrain and travel routes.
Recommendations were made to the Alberta Land Conservation and Reclamation
Council regarding maintenance of high walls in association with reclaimed
meadows as integral components of bighorn sheep habitat. This site-
specific wildlife study should be invaluable for mine planning and
reclamation efforts.

In 1985, Cardinal River Coals Ltd. (CRC)} initiated a population
study of a herd of bighorn sheep (Ovis c. canadensis) that had been using
their mine lease site for several years. CRC Ts an open pit coal mining
operation that is situated in the foothills of west central Alberta
approximately 50 km south of the town of Hinton. CRC began mining
activities in 1969 and reclamation work in 1971. Disturbed areas of the
ming Tease are being reclaimed for wildlife habitat and recreation
opportunity according to requirements specified in The Coal Development
Policy for Alberta (Department of Energy and Natural Resources, 1976).
Wild1ife habitat was chosen as the end use because viable wildlife
populations were present in the vicinity of the mining lease and
reclamation costs were Jess than réturning the disturbed land to timber
production. Wallis and Wershler (1979) developed quidelines for
reclaiming the CRC Tease to bighorn sheep, mule deer, elk and moose
habitat. Since that time, however, bighorn sheep have become the common
species using the mine lease.

The purpose of this study was to obtain baseline data on the
population of bighorn sheep of CRC in order to establish a long term
monitoring program. The work was undertaken by the author as part of a
Master's Degree Program at the Faculty of Envircnmental Design, Uniwversity
of Calgary during the year 1885-86. This paper discusses a portion of
that work, concéntrating on seasonal and spatial distribution of the
bighorn sheep on the mining site and the implications this use has for
reclamation procedures. Descriptive techniques will largely be used in
the discussion of this work, because research 75 not guite finished.
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STUDY AREA AND POPULATION

The study area is defined by CRC's Mineral Surface Lease #5972
located in TWP 47 and 48, Rge 24, W of the 5th Meridian. As of December
31, 1986 a total of 43.9% or 1250 ha (3,0B8.6 acres) of the lease area had
been disturbed, of which 504.3 ha (1246.1 acres) were in some stage of
reclamation [Acott et al. 1987). The mineral surface lease is bounded on
the west side by Gregg River, the north by Mary Gregg Creek, the east by
tributaries of Luscar Creek and on the south by the front ranges that
encompass Whitehorse Creek. The mine {s bisected by Hwy 40 [Figure 1}.

In 1986, CRC moved 2,094,054 raw short tons of coal and 14,219,574
bank cubic yards of rock (Acott et al. 1287). They produced 1.64 million
¢lean short tons of medium volatile metallurgical coal for export to
Japan. Mining opérations are carried out in two 12 h shifts, 7 days a
week. The gperation employs a truck/shovel technigue to mine multiple
open pits. Shovels with 15 and 30 cubic yard bucket capacity are employed
in conjunction with 100 and 170 ton trucks.

The area has a Cordilleran climate characterized by cold winters and
¢ool Summers (Strong and Leggat, 1981). Meteorological data collected at
the CRC lease for the years 1977-1987 indicate that the annual mean
temperature is 2.4 C. The mean dafly maximum is 8.0 C while the mean
daily minimum 7§ -3.2 C. The mean maximum temperature for the 11 years is
28.6 C while the méan minimum témpérature for the same period is -36 C.
The area receives an average of 744 mm of precipitation annually, 69.8% of
which fFalls between May and September.

The study area 15 classified as Subalpine (Corme and Anpas, 1986)
and 1s typified by rolling topography and steep slopes of uplifted
Mesozoic shalas and sandstones. Elevation of the mine ranges From 1680 to
1860 m a.s.1. (5512 - 6102 feet) (Acott, 198l1). Prior to mining, the
study area was almost entirely forested with a closed canopy spruce/fir
forest., Forest areas are dominated by hybrid spruce (Picea qlauca X
engelmannii), lodgepole pine (Pinus contorta), fir (Abies Tasiocarpa) and
black spruce (Picea mariana). Rspen [Populus tremuloides] oOCCUrs on
exposed, warm, south-facTng slopes. Most 'ﬁ%uﬁﬁin the Tease area is
non-merchantable (<15.2 m (50 ft) high, <20.3 cm (8 in) dbh, <4 per ha [10
per acre). Sofls of the study area are generally orthic gray luvisols on
1 HEHtE11tHr'E!:| materials or eluviated brunisols on coarser textured parent
materials.

The mining sequence fnvolves site preparation by first salvaging or
removing the timber resource. The topsoil and upper regolith layers are
then salvaged and stockpiled for use later in the reclamation program.
Finally, overburden {is removed from the pit and used to backfill an
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existing pit or dumped externally onto an area where no previous mining
ACTivity has occurred.

Following the mining activities, the dumped or backfilled overburden
1s graded and recontoured to a slope angle of 27° or less. Regolith is
placed over the entire surface to a depth of 15 cm (5.9 in), and topsoil
islands are placed in favourable locations. The whole area is then seeded
and fertilized and finally reforestated in appropriate locations. Figure
1 11lustrates the location of the various pits, dumps and backfills that
have bheen developed at CRC.

Revegetation is carried out wsing agronomic species in roughly a
50-50 grass/legume seed mixture. Grasses used are a combination of sod-
forming and bunchgrasses - streambank wheatgrass (Agropyron riparium),
5muth{hrm (Bromus inermis), r?d I"e:?.v:mi‘1I (Festuca rubral, Endiﬂ blue-
grass (Poa anrcssuI. Kentucky bluegrass (Poa pratensis), crested wheat-
grass (Agropyron pectiniforme), orchard grass [Dactylis glomerata),
Russian uilﬂ ryegrass (E!ymus jun:Eusl. tall fescue (Festuca arundinaceal,
hard fescue (Festuca ovinal, and timothy (Phleum pratensel. Legumes used
are cicer milkvetch lls-Era.Ea'Iu-.i. cicer), rambler aihlfa (Medicago medial,

sweet clover (Melilotus spp.), sainfoin (Onobrychis viciifolia) and alsike
clover (TrifolTum hybridum].

Approximately 200 bighorn sheep currently use the lease site from
late summer to late spring. The sheep use reclaimed areas for foraging
and the high walls of exhausted pits for escape terrain and travel routes.
Sheep travel over non-reclaimed overburden and through active mining sites
to gain access to forage areas. Some reclaimed areas located at distance
from high walls are not used for forage, while some pits surrounded by
coni ferous forest or non-reclaimed overburden are not used for travel or
BSCAPE.

A limited non-trophy sheep hunt was held in the fall of 1584, 1985
and 1987 on a reclaimed portion of the lease area. In addition, the
Alberta Fish and Wildlife Division uses this site for capturing sheep for
various purposes. A total of 84 sheep have been removed by hunting or
other methods over the 4 year period ranging from 1984 - 1987. Eighty-two
percent of these animals have been mature females.

Prior to the currént mine development, rams wére known to use old
mine workings in the wvicinity of the BED-A-3 pit for mineral Ticks.
Surveys conducted by the Alberta Fish and Wildiife Division (Lynch 1972,
Cook et al. 1978, Cook 19%82) indicate that sheep were sfighted on alpine
ranges adjacent to the mine lease as well as on the 50-A-2 backfill. By
1979, large numbers of sheep of all age classes were Frequenting reclaimed
areas on the mine lease adjacent to timberline and were using the re-
claimed south-facing slopes above Hwy 40 (G. Acott, CRC, pers. commun.).

METHODS

Animal observations in the field were made by direct ground counts
from a fixed census route. Counts were bequn September 17, 1985 and
continued weekly until September 1, 1986. During each count, the location
of each individual or group of sheep was marked on acetate overlays on a
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1:4,800 base map. In addition to plotting locations, notes were made on
the age class and activity of each individual within the group. Eight age
classes described by Geist (1971:54) were identified. They were: lambs,
yearling females, adult females, yearling rams, class 1 (2 yr) rams, class
Il (35 yr) rams, class I1II (6=7 yr) rams and class IV {8+ yr) rams. A&
total of 11,933 individual sightings from 138 census trips provided the
data base for describing seasonal and spatial distribution of the sheep.
Maximum counts of each age class were used to estimate population size for
use in depicting seasonal fluctuations of the sheep herd on the lease.

Field data were computerized by coding and digitizing observation
locations and by generating & corresponding database containing the
numbers, age c¢lasses and activities of sheep associated with each
location. Maps of data subsets and their locations that depict the
cumulative Frequéency of observations per time period were then generated
using the "nmap" program developed by the graphics laberatory at the
Faculty of Environmental Design. A grid system with a cell size of 402 x
402 m (1320 x 1320 ft) or 16.2 ha (40 acres) was overlaid on the study
area to assist in guantitative and visual amalysis of the data. Cell sfize
was arbitrarily selected. Data from the eight age classes were groups
into 2 categories - nursery herd (lambs, ewes, female and male yearlings
and class | rams) and older rams (class 11, III and IV rams). Class |
rams were associated both with the nursery herd and the older rams;
howavér they were placed with the nursery herd for purposes of displaying
and analyzing spatial distribution.

RESULTS
Seasaonal Distributian

Four major movements were obsérved for the rams that used the CRC
lease. These movements focussed on the following events:

Prarut or fall congregation.--Rams had already congregated on the
lease By the time the ETEE?EEEE'Thitiatad on September 17, 1985. During
this period, they were largely seqregated from the nursery herd, They
occupied portions of the C-baseline and the Gregq dump bench above HWY 40.
In early November, most rams moved onto the rutting area, which was also
the ewe prerut range.

RUL.==This was defined as the period when rams and estrous owos were
observed. Large rams from off the lease began to be sighted on the
rutting range (50-A-1 and 50-A-2 backfill and 50-A-3 pit) on MNovember 15.
The first successful copulation was observed November 20, 1985, and the
last was observed January 18, 1986. The peak of rutting activity occurred
during the second week of December, 1985.

Winter.~--This is the period when the rams separated from the ewes
leaving them on the rutting range. The rams occupied a native south-
facing slope that is centrally located on the lease. The rams alternately
used this slope and the south-facing slopes above HWY 40 until they began
to leave the lease in late May. These latter slopes were also used by the
nursery herd as alternate winter range.
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Summer.--This 15 the period when no rams were present on the lease
except the occasional findividual or small group. Groups of rams were
sighted during the summer in alpine areas, travelling along the mountain
ranges.,

Four major movements were al1so observed for the nursery herd that
occupied the CRC Tease:

Prerut, rut and early winter.--The nursery herd had already
congregated on the Tease when the study began in September, 1985. In
early fall they used the slopes above HWY 40 and the Gregg dump bench in
addition to the rutting range located closer to timberline. Some emigra-
tion by ewes was observed during this time. Ouring the rut the ewes were
concentrated entirely on the rutting range. After the rut, the prerut
range (with the exception of the Gregg dump bench) was used as early
winter range.

Late winter/spring.--This period was characterized by half of the
nursery herd leaving the lease to winter elsewhere. This reduction in
numbers was observed over ftwo years. Ewes remaining on the Tlease
continued to use the same areas freguented during the fall and early
winter, however, 2/3 of the cbservations were made on the rutting range.

Lambing.--This period was defined when the first new lambs of the
year were sighted (May 28 in 1986 and May 24 in 1987). This peried also
included the time when ewes Ffocussed their activity around salt
availability. Most lambing occurred off the lease; however, in May 1986,
6 ewes lambed on the east wal)l of the 51-B-2 pit. In May of 1987, 5 ewes
were observed to lamb on this same wall. The nursery herd regrouped in
alpine meadows fTmmediately southwest of the lease, but during the
remainder of June, ewes made dajily trips to the 50-A-3 pit. The many
segps on the walls of this pit were used as & mineral lick. WMo grazing on
the reclaimed areas was done by the ewes at this time as they returned
daily to the higher alpine meadows.

Summer .==During this period the nursery herd did not freguent the
lease.” Two ews groups used the drafnages southwest of the lease. These
two groups represented only a portion of the nursery herd that congregates
on the lease in the late summer. As the summer progressed, these two
nursery groups moved higher into the headwaters of the drafnages. By mid
August, ewes began the prerut congreégation an the lease.

When the above movements for both ewes and rams were combined, &
activity periods were identified. These time periods were as follows:

Prerut - September 17 to Movember 14, 1985
Rut - November 15 to January 18, 1986
Winter - Janpuary 19 to February 14, 1986
Spring - February 15 to May 27, 1986
Lambing - May 28 to June 30, 1986

Summer - July 1 to August 10, 1986

Of the 11,933 Individual sheep observations made between September
17, 1985 and August 10, 1986, 73% were lambs, ewes or yearlings of either
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sex, 5% were of class | rams and 22% of older rams (Table 1). Sheep were
concentrated on the lease from the prerut through to the beginning of
lambing season, a perfod of 256+ days for the 1985/B6 =eason (Figure 2).
The prerut period for the 19B6/87 season began August 11 when the first
large numbers of ewes, lambs, yearlings and class ! rams began to appear
on the lease. Older rams (class II, 11l and IV) did not congregate in
large numbers for the 1986/87 prerut season until a few weeks later, in
early September.

Table 1. MNumber of observations of bighorn sheep by class at Cardinal
River Coals Ltd. for the year 1985-86.

( #ngiﬁ ;51 alr.r:ﬂ;:;ﬂﬂ::;s Ram I Ram II, III, TV Total

Prerut 7435 (80%) 96 (33) 506 (17%) 3037 (263)
Huiza] 2421 (74%) 179 (&%) 651 (20%) 3251 (27%)
Hilﬁil 1370 (74%) 109 (6%) 364 (20%) 1843 (16%)
Epi}:; 1835 (63%) 191 {7%) A80 (30%) 2906 (24%)
Laig?ig 466 (T2%) 27 (4%) 151 (24%) 644  [5%)
SuLEEl 214 (B4%) 7 (3%) 32 (13%) 262  (2%)
T?%i;: 8740 (73%) 609 (5%) 2584 (22%) 11933 (100%)

Spatial Distribution

Aprosimately 1/3 of the observations for the nursery herd for the
year 1985/86 were made within 32.4 ha (B0 acres) of the 50-A-1 and 50-A-7
backfill (Figure 3). Another 1/3 of observatfons were made within an
additional 32.4 ha of the 50-A-2 backfill and within 48.6 ha (120 acres)
of the south slopes and valley bottom adjacent to HWY 40. The last 1/3
were scattered over 696 ha (1720 acres) of the lease, The total area used
by the nursery herd for grazing, security, mineral 1icks or travelling
within the lease boundaries was 809.4 ha (2000 acres).

Observations of the older rams indicated that 1/3 of these animals
were tighted within 32.4 ha of the 50-A-1 and 50-A-2 backfill, plus a 16.2
ha block of the native hill and a 16.2 ha block of the south slopes above
HWY 40 (Fiqure 4). The next 1/3 of observations were scattered over 113.3
ha (280 acres) located on the 50-A-2 backfill, on the slopes adjacent to
HWY &40, and on a topsoil stockpile located on the C-baseline ridge. The
last 1/3 of observations were located on the C-baseline ridge. The last
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1/3 of observations were located on 696 ha of the lease. The total area
used by the older rams was 574 ha (2160 acres).

From the above description 1t 15 apparent that the most important
ared used by the sheep 15 focussed on the 50-A-1 and 50-A-2 backfill.
This area was reclaimed in 1977, 1978 and 1979 and 15 used for grazing by
the nurséry herd during the prerut, rut, winter and spring seasons. Rams
congregated here during the rut (Figure 5) during which time the high
walls of the adjacent 50-A-3 pit were used heavily by ewes escaping rams
and by rams attending receptive females. The benched walls of this pit
were used as escape sites, bedding areas, and in May and June the seeps
from the walls were used as mineral T1icks by the nursery group (Figure 6}
that used the Luscar Creek valley immediately west of the lease. This
daily movement was a response to the need for minerals as virtually no
grazing took place on the mine at this season.

The sheep also made moderate to heavy use of the native grassed
slopes of the large hill that 15 centrally locatad on the mine lease.
This south-facing slope was used primarily by rams during the winter and
spring period when they had segregated from the nursery herd (Figure 5).
Heaviest use of this hill was on the NW corneér which 1ies adjacent to the
50-B-31 benched pit wall. This siope and pit wall were used by the nursery
herd chiefly as a travel route connecting the 50-A-2 backfi{l] with the HWY
40 area.

The nursery herd used the south-facing slopes and valley bottoms
adjacent to HWY 40 heavily in the prerut amd spring seasons, while the
rams used this area heavily in the winter and spring. This area was
seeded in 1976. The east wall of the nearby 51-B-2 pit was used as escape
terrain by the sheep when they frequented this area. In May 1985 and May
1986, 6 and 5 ewes, respectively, lambed on this wall. 1In 1986, these
lambing sites were within a few hundred metres of an active dump site.
Most lambing, however, took place off the lease.

Moderate use of the large bench and slopes of a portion of the Gregg
dump was made by the nursery herd during the prerut (Figure 8). This part
of the Gregg dump was reclaimed in 1972 and 1%79/80.

Rams also used a topsoll dump located on the C-baseline (Figure 4).
This area received heavy use during the prerut. A powerline located on
the C-baseline was reclaimed in 1978 while the topsoil dsland was
reclaimed in 1983. Rams have been observed on the C-baseline by mine
personnel since 1970.

DISCUSSION AMD CONCLUSION

Mining activity at CRC has resulted in a drastically changed land-
scape. The closed canopy coniferous forest of the central portion of the
lease has been replaced by open terrain composed of reclaimed areas,
active and abandoned pits and non-vegetated regolith material. Inter-
spersed throushout are patches of the original coniferous forest and
native grasslands. The common feature of bighorn distribution, (the
présence of rocky escape terrain in proximity to quality forage) has been
reproduced through the process of mining development and reclamation.
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Figure 5. Seasonal use by class 11, 111, and IV rams of Cardinal River Coals
Ltd, from September 17, 19685 to August 10, 1966, EEE = heavy use; S =
modernte uwse: BFER = light wusse.
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Every area on the lease used heavily by the sheep for foraging was
adjacent to high walls of exhausted pits. These high walls served as
escape terrain for the sheep, as bedding sites, as travel routes, and as
sources for mineral 11cks. Some lambing occurred on benches of the high
walls. Sevety-five percent of all sheep observations for the year 1985756
occurred within 360 m (1181 feet) of escape terrain.

In addition to creating a usable habitat for bighorn sheep, other
conditions that exist within the mine lease created a secure environment
which was used opportunistically by the sheep. Coyotes were observed
frequently on the sheep ranges, however, no predation was observed.
Grizzlies travelled through the mine seasonally, but did not linger on the
reclaimed areas. Wolf tracks were ocbserved on the peripheral edges of the
lease but never in the central portion or on sheep ranges. Cougar sign
was not observed. It is thought that while the sheep were on the lease,
martality from predators was minimal.

CRC has been active an coal mining operation since 1969. During the
1985/86 season, 2 pits were active (51-B-3 and 50-B-5). ODumping, grading.
regolith and topsoil placement, reseeding and refertilizing activities all
took place in areas utilized by the sheep, For the most part, however,
these activities occurréd in a predictable fashion, or in areas not yet
used for forage, or in the summer when there was minime)l use of the lease
by thé sheep, Once a reclaimed ares was established on the lease, 1ittle
activity actually took place on the site. There were no tourists, trail
bikes, hikers or skieérs. Hunters have been active only recently on the
same ranges that are important to the sheep. This hunt is very controlled
and represents less harassmént than what occurs during the hunting season
outside the mine site where both trophy and non-trophy sheep are Jegal.

Bighorn sheep are modern fce-age mammals that have developed a high
capacity for learning. Bighorns historically used the areas adjacent to
the CRC lease prior to 1ts development. Once a usable habftat was devel-
oped by mining activity, the sheep werd well equippéd to take advantage of
the predictable, securde énvironmént of fered by the mining &fte.

A significant population of bighorn sheep has developed seasonal and
spatial use patterns on the CRC lease. Several factors must be considered
and explored further to ensure that this use 15 sustained n the long term
to be of benefit to other developments with similar potential. The sig-
ni ficance of the high walls as part of bighorn habitat was not recognized
by the Alberta Land Conservation and Reclamation Council (ALCRC) until
this study was conducted. Recommendations on maintaining high walls of
significance to sheep have been made (Acott, 1986) to the ALCRC and were
accepted. Further recommendations on the wall characteristics and
placement in relation to foraging areas will be forthcoming. Future land
management must recognize that sheep use of this site in part depends an a
sacure and predictable environment. Reclamation efforts designed
specifically for human recreatfon activities may not be compatible with
sheep use of the area 1f they are poorly placed in relation to habitat
developed for sheep. Each sheep population and mine operation have thefir
own characteristics. This site-specific wildlife study has proven to be
invaluable for mine planning and reclamation ef forts.

119



LITERATURE CITED

Acott, G. B. 198l. Cardinal River Coals Ltd. reclamation status annual
report 1980. Cardinal River Coals Ltd., Hinton, AB. 28 pp.

Acott, G. B, 1986, Proposal to reduce costs at Cardinal River Coals Ltd.
Cardinal River Coals Ltd., Hinton, AB. 17 pp.

Acott, G. B., M. T. 0'Toole and F. J. Munn. 1987. Cardinal River Coals
Ltd. reclamation and mining status report - 1986. Cardinal River Coals
Ltd., Hinton, AB. 26 pp.

Cook, A. R. 1982. Aerial bighorn sheep census of designated winter
ranges within the Edson district of the east slopes region. Albérta
Energy and Natural Resources, Fish and wildlife Division, Edmonton, AB.
87 pp.

Cook, A. R. and W. K. Hall, 1978. Aerial sheep survey of the Edson, Red
Deer and Calgary regions using the revised winter range technique.
Alberta Recreation, Parks and Wildlife, Fish and Wildlife Division,
Edmonton, AB. 100 pp.

Corms, 1. G. W. and R. M. Annas., 1986, Field guide to forest ecosystems
of west-central Alberta. Northern Forestry Centre, Canadian Forestry
Service, Edmonton, AB. Rept. # FO42-86 / 1986E. 251 pp.

Department of Energy and Natural Resources, Government of Alberta. June
15, 1976. A coal development policy for Alberta. Edmonton, AB.
38 pp.

Geist, V. 1971. Mountafn sheep, a study in behaviour and evolution. The
University of Chicage Press. 383 pp.

Lynch, G. M. 1972. Red Cap sheep; their movements and migrations (1972
progress report). Mlberta Fish and Wildlife Division, Edson, AB.
18 pp.

Strong, W. L. and K. R. Leggat. 198]1. Ecoregions of Alberta. Alberta
Energy and Natural Resources, Resource Evaluation and Planming Division.
ENR Tech. Rept. #T/4, Edmonton, AB. 64 pp.

Wallis, C. and C. Wershler. 1979. Literature review of considerations

for reclaiming lands as wildlife habitat. Repart prepared by Cottonwood
Consultants Ltd. for Cardinal River Coals Ltd., Hinton, AB. 43 pp.

120



Bienn. Symp. North. Wild Sheep
and Goat Council 6: 121 - 134

EE?EEUIHEHTAL IMPACT OF THE 1988 WINTER OLYMPICS ON BIGHORN SHEEP OF MT.
L

JON T. JORGENSOM, Albeérta Fish and Wildlife Divisfon, 5920 - 1A 5t. 5.M.,
Calgary, AB. T2H 06l

Abstract: For 2 years prior to the 1988 Wintér Dlympics on Mount Allan,
data were collected on distribution, productivity, survival, lungworm
output and activity budgets of bighorn sheep, [(Ovis c. canadensis).
During 1986/87, the ski area was first opened for publfc skiing and 2
pre=0lympic downhill races wereé held. From 1986 to 1987 the population
declined by 18% due in part to an inténtfonal increase in the non-trophy
sheep hunting peérmits. Lower lamb survival alse contributed to the
decline. Lamb production in 1986 was higher (48 lambs per 100 ewes) than
in 1985 (29 Tambs per 100 ewes). Production in 1987 was 37 lambs per 100
ewes. Range abandonment occurred in 1986/87 on & small portion of the
wintér range immédiately below "the ladies downhill start area™. This
abandonment was due to human activities on the ridge top, snowmaking,
helicoptér flights, and avalapche blasting. Numbérs of lunqwarm larvae in
sheap feces increased significantly in 1986/B7, but they a150 increased at
the control area and at Sheap River. During 1987-88, larval outputs had
returned to pre-1986-87 levels. Steps were taken to control helfcopter
activity and sheep-human interaction above the ladies downhill start for
the 1988 Dlympics. Co-existence of this sheep population and skiers can
probably be maintained provided that no further encroachment on shaep
Winter range oCCUrs.

In February, 1988 the winter Olympics were held in Calgary, Alberta
with the alpine events taking place on Mt. Allan. For those events, a new
recreational sk1 development, Nakiska, was buflt on the same mountain that
winters a large herd of Rocky Mountafin bighorn sheep ([Ovis c.
canadensis). Considerable controversy erupted over the choice of ME.
KlTan as the site with much of that concern centering on the effects this
development was going to have on the well being of the bighorn herd.

A monitoring program began in spring 1985, and continued until April
1988. Construction of the facility occurred during 1985-B6 and the area
was first opened for public skiing during 1986-87. Several World Cup
downhill races were held that first season as Olympic test races and
provided the opportunity to measure sheep response to activities related
to normal skiing operations as well as an Olympic equivalent. Based on
the results, mitigation would be enacted and its effectiveness measured
during the Olympics themselves. The objective of this paper is to report
on the impact that first year of operation had on the population, what
E:HQ:LHM was fimplemented and how the bighorns responded during the

Ympics.
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STUDY AREA

Mt. Allan is located approximately 90 km west of Calgary, Alberta at
the northern end of the Kananaskis Range (50" 58' N, 115" 12' W]. The
MNakiska ski area occupies predominantly conifered northern and eastern
exposures that provide limited protection from the effects of solar
radiation and the strong prevailing westerly winds. These warm winds
{chinooks) regularly blow during winter and have & significant modifying
effect on the severity of winter. A majority of ski runs are concentrated
between the base area at 1495 m and tree line at 2350 m, however, an
additional 1ift (Platter Lift) was constructed to fncrease the length of
the Mens Downhill ski run., This 1ift extended the ski area into the
alpine zone to 2415 m. At 2460 m is the ridgeline above 311 of the ski
runs. The south and southeast facing slopes below this ridge are open
alpine and sub-alpine vegetation zones with tree 1ine at about 1750 m.

While most of the upper ski runs radiate from the top of the Gold
Chair Lift, 1 run (Women's Downhill)} begins further east and at a point
lower in elevation. The start of this run 15 accessed by a narrow catwalk
which traverses a conifered slope for approximately 1 km before emerging
from the trees onte a ridge at the top of the Women's Downhill. This
ridge overlooks the Hakiska ski area to the north and an open alpine slope
to the south.

METHODS

Betwean HWovembér and April of each year, data on population size,
structure, survival and distribution were collected through direct ground
observation with occasional supplementation by aerial observations.
Monthly surveys were conducted over the entire Mt. Allan-Wind Ridge winter
range with a helicopter being wused to census the more fnaccessible
portions., Due to varying survey conditioms, the maximum count obtafined
from any one monthly census for that year was used. Sheep were classified
as to adult ewe, lamb, yearling ewe, yearling ram, 1/4 curl ram, 1/2 curl
ram, 3/4 curl ram, and 4/5 curl ram,

Productivity estimates were obtained from ground censuses conducted
during the summér. During these censuses, we attempted to travel as much
of the summér range as possfble in 1 to 2 days in order to reduce
duplication. The maximum number of ewes, lambs and yearlings observed
during these surveys was used to calculate a summer lamb/ewe ratio.
Similarly, a winter ratioc was obtafned during the winter counts. Total
spring cohort size was estimated by taking the maximum number of sheep
comprising each cohort found during the previous winter and assuming no
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additional mortality until spring. The number of viable lambs present was
astimated using the lamb/ewe ratio for that summer and the known number of
ewes which were around in late winter. The differences between the spring
counts and the following winter counts provided survival estimates.

To determine range use intensity, the study area was divided into
grids by wvertical projection each approximataly 2.5 - 3.0 hectares. Major
ridges, creek drafnages and cliff bands were used wherever possible as
grid boundaries. The area was travelled regularly throughout winter along
designated routes, however, because of weather constraints 1t was not
possible to observe all grids with equal intensity. Area use was there-
fore calculated as number of sheep observed/grid/census trip. Low, medium
and high use grids were arbitrarily distinguished using 0-1, 1.1-2.5, and
2.6+ sheep/grid/census respectively as criteria.

Fecal samples were collected monthly from January to April on
Mt. Allan and analyzed for Protostrongylus spp. larvae (Samuel and Gray
1982). In addition, monthly samples were also cellected from Wind Ridge
and used as a control since these sheep were approximately 11 km from the
Nakiska ki area. Because of the non normal distributfon of larval
counts, sguare root transformations were required of al11 counts before
statistical anmalysis could be performed.

Additional data were collected fncidentally on helicopter activity
around Makiska, snowmaking activities, recreational skiing activities and
any other activity with the potentfal to interact with sheep.

RESULTS
Population Size

The Mt. Allan bighorn winter population increased since 1973 to a
high of 297 animals in 1986 (Figure 1). Prior to 1983, estimates were
based on a single census, but since 1983, estimates have bean the maximum
count obtained from an average of 4.4 (range 3-8) surveys per year.
Following 1986, the population declined by 18% and remained at that level
after the 1988 0lympics.

Survival Rates

Based on differences in cohort numbers from spring to late winter,
survival of all coborts except rams in 1986-87 was lower than that 1n
1987-88 (Table 1}.

Hunting of both trophy rams (4/8% curl restriction] and non-trophy
{ewes and Tambs) sheep from the Mt. Allan herd occurred, therefore,
survival rates include hunting and matural mortality. The number of rams
harvested in 1986 and 1987 was 21 and 7, respectively, based on compulsory
registration. 1In 1986, 90 permits were issued for non-trophy sheep with
the harvest consisting of 47 ewes and 1| lamb, Permits were reduced to 50
fn 1987 and resulted in a harvest of 14 ewes and 1 Tamb. One collared ewe
was killed in an avalanche and 2 lost to cougar predation. Other
predators such as coyoltes, bears and wolves are known to frequent the
study area, but contribute an unknown level of mortality.
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Table 1. Estimated survival rates of bighorn theep in the Mt. Allan herd
from spring to late winter 1986-1988.

Survival Rate

Year Adult Ewes Lambs Yearlings Adult Rams
1986 to 1987 .62 (155)? .58 (85) .45 [56) .78 (91)
1987 to 19818 A2 [112) 79 [56) B2 [49) AT ()

4 ) = gize of cohort in spring

Productivity

Winter Tamb/"ewe" ratios (includes yearlings and Z-year old and adult
ewet) averaged 32.4 (range 25 - 40) each year since 19B3-B4 with the
highest ratio observed during summer 1986 (Figqure 2). Summer values
tended to be slightly lower (% = 33.2 vs. 34.2) than winter. In
1986=-87 that treénd was reversed indicative of the poor lamb survival
previously seen. The hunting of ewes influenced the winter ratios and
could explain the differences observed from summer to winter. A dispro-
partionate number of ewes were harvested with less than 10% of the total
consisting of lambs (Harvest statistics, Alberta Fish and Wildl. Div.).

oistribution

In winter, approximately half the herd concentrated on Wind Ridge
while the balance extensively utilized the south and southeast facing
slopes of Mt. Allan. Greatest use was made of those grids in the basin
located to the southwest of the ridge above the Nakiska ski area. Sheep
did however, make use of areas fmmediately above the Men's Downhill run
and adjacent to the Ladie's Downhill run. To examine area use on a yearly
basis, the study area was divided into 3 areas based on their proximity to
the ski area (Figure 3) with Area 1| being on the same face or adjacent to
the ski area, and Area 3 being farthest from the activity.

Area 2 recelved the greatest use throughout the winter and in all
years with Arga 1 receiving the least (Figure 4). \lUse of Area 1 was
greatest in early winter while Area 3 was used mostly in late winter.
Compared to 1985-86, Area 1 wusage fn 19B6-87 declined to nil after
December and remained negligible for the rest of the winter. In December
1986, the ski area first opened to public skifng and downhill test races
were held in March. With the decline came am increase fn Area 3 usage.
In 1987-88, Area 1 appeared to receive similar usage to that seen fin
1985-86. Also in 1987-88, the percentage of sheep using Area 3 remained
high and was actually higher than Area 2 during February.

Lungworm Analyesis
Compared to 1986, 1987 fecal lungworm outputs increased significantly
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Figurs 3 Locations of Ares |, Area 2, Ares 3, and supplemental feading
sites (®) on the Mt. Allan winter ranges, 1987-88. ( w—sWomen's
downhill , w.sMen's dowhill )
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(P < 0.01). These increases occurred at both Mt. Allan and Wind Ridge
(Figure E). In 1988, larval outputs decreased to levels comparable to
1986.

Associated Activities

During the World Cup races in March 1987, helicopter activity im the
Makiska area was high. During the 2 week period, helicepters were flying
above Makiska every day except 2 bad weather days. Helicopters being used
for race-related functions were not considered a problem because they
stayed at or below treeline and to the northeast of the ridge. A majority
of the helicopters were Chartered by media groups and they did fly west of
the ridge over the winter range. Film footage of bighorns taken from the
afr did appear on 2 television networks covering the races. Sheep predic-
tably fled when the helficopters came overhead usually at an altitude of
Tess than 150 m.

Snowmaking and avalanche blasting occurred during the 1986-87 and
1987-88 ski seasons. Snowmaking guns are extremely nofsy and an
individual cannot stand next to one for Tong without ear protection.
While most of the snowmaking guns at Wakiska were used at lower elevation,
one gun at the top of the Ladie's Downhi1] caused momentary disturbance to
the sheep grazing on the slopes below the ridge. Thelfr reaction upon
start up of the guns was to bolt a short distance and then gradually leave
the area. This reaction was noted on several consecutive days until the
sheep stopped using that slope. Sheep were not seen in any area that
coincided with avalanche blasting. Such blasting was done with a cannon
type system and occurred on slopes near both the Men's and Ladie's Down-
hill courses.

People were not obseérved outside the ski area boundaries climbing the
mountain to gain access to viewpoints. Security patrols also did not
occur outside the boundaries during either the World Cup or Olympic
events. Considerable human activity did occur on the ridge above the
Ladie's Downhill. Such activity was related to mafntenance, course
preparation, officials, media, coaches and racers. ODuring the World Cup
as many as 100 ple were in the vicinity of the ridge top sightseeing
and picture taking. Sheep did not stay during such times. After the
World Cup races, public skiing was permitted on the Ladies course with a
resulting high percentage of skiers skiing onto the ridge.

Mitigation

Supplemental feeding program.-- To lessen the impacts of the 0lympics
and future recreational :Eiing activities at Makiska, several mitigugive
steps were taken. A supplemental feeding program was initiated to supply
sheep with a higher than normal protein diet during the Dlympic winter.
Its purpose was to improve body condition that theoretically would enhance
an individual's ability to counter any fncreased stress. Additionally it
would act as a lTure to keep sheep in areas away from human activities.
Hay bales (timothy/brome/alfalfa mix) were flown by helicopter in November
to 4 sftes (Figure 3). Approximately 110 bales were stacked, wrapped in
plastic fencing, and covered. Beginning in November, bales were removed
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and made avallable to the sheep. The amount available was slowly
fncreased unti) February when hay was continually available.

Although on traditional winter range, sheep exhibited 1ittle
inclination to consume the hay untfl the first cold temperatures (-20°C)
and snowfall fin January. From then untfl late February sheep were
observed feeding at at least one of the sites whenever we were in a
position to see them. During the first week of the Olympics, sheep were
feeding on the hay daily often with all 4 sites receiving use. Once the
weather turned mild, however, sheep only occasionally fed at the sites.
By April, slightly more than half the feed had been consumed.

Helicopter restrictions.-- To alleviate helicopter harassment during
World Cup events, voluntary flight guidelines were established restricting
afrcraft from flying west of the ridgetop above the ski area. These
guidelines were distributed to all local charter companies and major media
organizations. This system proved ineffective as the quidelines were
ignored on several occasions. Requests to film sheep from a helicopter
wera recéived from 2 television stations and 2 stations did show film
footage of bighorns prior to their broadcast of the race.

The potential for higher air traffic during the Dlympics prompted the
need for more effective regulations. In cooperation with the Ministry of
Transportation, a MNOTAM (Notice to Airmen] was put in place from
January 30-March 2. Such aircraft restrictions were required for security
and safety reasons anyway but were refined to accommodate our requests.
HMovements within the restricted airspace by accredited aircraft only, were
strictly monitored and violators faced loss of 1icence., This regulation
proved most effective. Three afrcraft did fly west of the ridge during
the 0lympics with 2 of those being brief security flights (not required to
adhere to air space restriction). The third incident finvolved a
disoriented pilet flying from the west passing over the winter range at an
altitude of about 2700 m.

Women's downhill start area.-- Attempts were undertaken to alleviate
the problem of people congregating on the ridge area. Recontouring of the
slope was done to prevent the funnelling of skiers onto the ridge and
instead channel them downslope. In addition, a fence was erected above
the start building to Dblock access to the ridgetop. The fence proved
difficult to maintain due to the high winds and proved only marginally
ef fective. People were sti11 able to find a way around or over the fence.
Spectators were not allowed access to the upper part of the ski run, which
helped in keeping the volume of peaple down, but there were still many
officials, course workers, coaches, competitors, and media people in the
area. The media were the worst offenders. Ouring the actual competition,
all attention was focused on the race and people did not have time to
wander. Both before and after the Olympics the Women's course was closed
to recreational skiers,

Population reduction.-- The sheep population was intentfonally
reéduced the year before the (Qlympics to reduce the threat of added stress
on the population due to overcrowding, This was achieved through an
increase in the non-trophy sheep permits from 60 in 1985 to %0 in 1985.
For 1987, permits were reduced to 50. Following the 1986 hunting season,
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a4 reduction of 181 was observed in the winter population. This repre-
sented a decline from about 309 animals to 251. Of the difference from
1985-86 to 1986-87 in the population age and sex structure, 61T was dusg to
a decline in adult ewes. The 48 sheep (47 ewes, 1 lamb) shot in 1986
represented a harvest rate of 167 of the 1985-B6 winter population.
Taking into account the recruitment of yearling ewes from the winter of
1985-86 into the 1986 summer adult ewe population, the 90 non-trophy
permits 1issued fn 1986 contributed to Jess than half of the observed
decline 1n adult ewes. The previously noted low survival of yearlings and
Tambs contributed more to the observed population decline.

DISCUSSION

During the first year of ski area operation, the Mt. Allan herd
experienced a decline in population sire, low survival rates, higher than
previous lungworm levels, and some range abandonment. The faollowing
spring, a drop in lamb production was evident. The decline in numbers was
directly the result of poor survival of all cohorts except rams and to an
intentional increase in hunting permits. Hunting could account for most
of the observed declines in adult ewes and rams. The reason for poor sur-
vival of lambs and yearlings was unknown. Survival rates the following
year however, were very high and comparable to the high quality population
on Ram Mountain (Jorgenson and Wishart 1986). Had high mortality in 1986-
87 been stress related then that same stress was no longer affecting sur-
vival in 1987-88. Sheep may have acclimatized to the new disturbances.

While Tow lamb:ewe ratios followed 1986-87, they were similar to
those observed the 3 years prior to 1986-87. It 15 known that lamb:ewe
ratfos from Ram Mountafn have ranged from 34 to 55 in & herd with preg-
nancy rates averaging 90% (Jorgenson and Wishart 1986). Since Mt. Allan
values fall at the Tow end of that range, nothing can be inferred about
pregnancy rates but recruitment has obviously been lTow for 4 of the last §
years. Such Tow ratios could indicate high levels of neonatal mortality,
high lamb predation or low pregnancy rates.

The {increased lungworm shedding rates recorded 1in 1986-87 were
alarming and may have indicated high stress lTevels, but the same high
levels were also found in sheep from Wind Ridge. Outputs also Increased
at Sheep River, a foothills population Bl km southeast of Mt. Allanm, in
1986-87 (Festa-Bianchet pers. comm.) suggesting anm environmental factor
unrelated to Makiska was finvolved. While tempting to attribute these
parameter changes to the new activities on Mt. Allan, it was not possible
to establish any definite 1ink.

It 15 possible, howaver, for increased stress levels to have caused
the observed changes. [In responding to stress, unnecessary energy expend-
1tures can negatively affect production in Dall sheep (Bunnell 1978,
Michols 1978) and lower the quality of individuals in all populations of
wild sheep (Shackelton 1973, Heimer and Smith 1975). Los¢ of range could
have increased crowding, which has often been cited as contributing to
disease outbreaks (Lance 1980, Festa-Bianchet 1988), increased parasite
loads (Stelfox 1976), and to decreased productivity (Murphy and Whitten
1976). Initial stress of captivity and food - water deprivation together
with crowding caused {increased 1larval shedding 1n captive bighorns
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(Fougere=Tower and Ondérka, 1988). In addition, an indirect relationship
between poor body condition amd high fecal larval output has been demon-
strated in bighorn ewes by Festa-Bianchet (1987).

That sheep on Mt. Allan were affected by certain activities on the
k1 area was only definitely shown in the abandomment of that peortion of
their winter range below the ridge above the Women's downhill run. This
area was vacated after December 1986 and not used the rest of that winter.
At the same time, there was a increase in sheep use of Area 3 - that
Farthest from the activity suggesting these new activities were forcing
sheep to move as far as possible from the disturbence. People congre-
gating on the ridge, snowmaking, avalanche blasting, and helicopter
activity were all contributing Factors. Except for the occasional
helicopter flight, these activities did not carry over to the larger part
af the winter range. Sheep séen fn the vicinity of the ski ares often
displayad signs of being disturbance and were often displaced but would
retreat to the undisturbed backside of the mountain. This abandonment was
not observed the following winter. While use of the area remained 1ittle,
there was not the total lack of use seen the previous year. This again
tuggests that there may have been some acclimatizatfon to activities in
the ridge area.

The potential for increased stress during the Olympics prompted the
need for mitigation to separate skiing activities from sheep. The supple-
mental feeding program certainly attracted sheep and probably kept them fn
the vicinity of the feeding sites but whether sheep would have util{zed
range nearer the skiing activity without the hay is unknown. The higher
than normal usage of Area J during January and February, 1988 was probably
due to the attraction of the 2 feeding sites in that area. The other ?
sites werd in Area € along the boundary between Areas 2 and 3. A1l four
sites began to see heavy use in January. Sheep did not begin eating the
hay until the area received snow and cold temperatures. As long as these
conditions remained, the feed was consumed but once mild weather returned,
sheep use dropped. Lack of snow and mild temperatures also resulted in a
migration off the winter range to higher elevations. Such movements were
observed during all three winters and suggests a natural response to the
availability of higher quality forage at higher elevation. The additional
crude protein available from the supplemental feed may not have been great
enough to act as a strong lure. Timothy and brome grasses made up more
than 50% of the feed. A higher alfalfa content may have been stronger
incentive.

Afrcraft restriction only proved effective when rigidly enforced with
heavy penalties for violation. The wvoluntary quidelines issued for the
World Cup races were fineffective and ofteén fgnored by media chartered
helicopters. The NOTAM issued for the Dlympic period was more effective
with officials willing to amend the restrictions to consider harassment to
sheep by low flying helicopters. 1t must be noted that our reguests did
not finterfere or restrict the operations or running of the competitions
and therefore may have aided in the ease of implementation. The major
reason for the NOTAM was for security and safety and may have been more
difficult to implement had the reasons baen solely sheep related.

Efforts to keep people off the ridge above the Women's downhill wers
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generally ineffective. While closure of the area to spectataors alleviated
the greatest threat, there were sti1l énough accredited people in the area
that bypassed the fence to cause a problem. It was not practical to erect
an effective people-proof barrier. Even with our enforcement efforts, the
medfa and certain officials chose to fgnorée them. Such problems would
only arfse during competitions provided this ski run remains closed to the
Ekilngipuh1ic as stated in the operational gquidelines of the lease with
the ski area.

While the construction of the ski area and the holding of the Dlympic
gameés did not appear to have had a major impact on the bighorn herd at
présent, unavoidable harassméent and disturbance has occurred at some
locations. The current level of disturbance does not appear to have been
great enough to affect their health and reproductive status. There s no
question that highorns can exist on ranges expoaséd to much higher lavels
of disturbance tham that on Mt. Allan (Morgantini and Worbets 1988,
MacCallum 1988) but disturbance can also combine with other factors to
result in stress related die-offs (Festa-Bianmchet 1988). The Mt. Allan
herd does not have a history of die-offs and may not have had exposure to
the pathogens isolated from dead sheep during other die-offs in North
America.

That the population has not been negatively affected by the recent
activities associated with Makiska does not mean they will not be in the
future. Monitoring of this herd should continue for at least 2?2 more
years. It is currently felt that co-existence with the ski area can be
maintained provided skiing activities do not encroach upon the winter
range. At present, the winter range fs {solated on the south side of the
mountain and sheep can retreat to an undisturbed area. Mitigatian
currently 1implemented must remain to ensure that abandonment of any
portion of the winter range does not occur. During future competitions,
steps are required to control helicopter movements and human activities in
argas 1ikely to disturb wintering sheep.
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ATTRACTION OF BIGHORM SHEEP TO WELLSITES AND OTHER MAN-MADE MIMERAL LICKS
ALONG THE EASTERN SLOPES OF ALBERTA: A MANAGEMENT COMNCERN.

LUIGI E. MORGANTINI, Wildiife Resources Consulting Ltd., Box 642, Sub 11,
Univ. of Alberta, Edmonton, AB T&6G ZED

ELDON BRUNS, Alberta Fish and Wildlife Division, Rocky Mountain House, AR
TOM 1TO

Abstract: @Bighorn sheep (Ovis canadensis canadensis) were attracted to
salty deposits found on gas wells1tes and on other disturbed areas in the
Panther River region along the eastern slopes of the Rocky Mountains of
Alberta. DOuring the study on movements and distribution, 1t was deter-
mined that sheep frequently used 5 man-caused mineral licks within 45 kme
of mountain terrain. The use of these sites was observed during all
seasons and frequently invelved long range movements. The concentration
of highorn sheep on these sites, thefr habftuation to people and vehicular
traffic, and their {ncreased exposure to legal and i1legal hunting, are
reasons for concern and are discussed in this paper.

Wildlife use of wellsites and other industrial locations has heen
previously reported and the attraction has been related to the presence of
sodium and other minerals spilled on the sofl during operations (Jones and
Hanson 1985, Morgantini and Worbets 1988). However, until recently
(Morgantini and Worbets 1988), the extent to which some species may use
these sites was 1ittle appreciated.

During the 1%60s and 1970s, numercus gas wells were drilled along
the eastern slopes of the Rocky Mountains in Alberta. They are located in
a variety of habitat types from low elevation muskegs and black spruce
forests to upper-subalpine pine and spruce forests, and open slopes. Over
the years, incidental observations by hunters and biologists findicated
that some of the sites were used as mineral licks by bighorn sheep, elk,
deer and moose. Unverified reports warned that, because of easy vehicular
access, animals on these sites were freguent vwictims to unregulated
hunting (poaching and native huntingl. MNevertheless, the use of wellsites
by wildlife was not believed to be a reason for major concern.

This paper reports on the results of a 3 year study on bighorn sheep
movements and distribution along the eastern slopes of the Rocky Mountains
in H?st-centra1 Alberta (Morgantini and Worbets 1988, Morgantini unpubl.
data).

ATTRACTION OF BIGHORN SHEEPF TD GAS WELLSITES
In the Panther River region of west-central Alberta, bighorn shes

wereg attracted to 4 wellsites and one seismic shothole found within 45 k
of mountainous terrrain (Table 1).
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Table 1. Approximate linear distance (kilometers) between wellsites used
as mineral licks by highorn sheep in the eastern slopes of Alberta's Rocky
Mountains.

Cantarra Panther Panthar Panthar Chathole

5-23 1 3 7
Canterra 5-23 0
Shell Panther 1 3 0
Shell Panther 3 & 3 i
Shell Panther 7 9 7 9 0
Shothole 3 & 8 & 1]

The animals that frequented these wellsites were part of a popula=-
tion that ranged over 400 km*, inside and outside Banff Mational Park. AS
of 1988, the wellsites were capped and not in production. Until recently,
motorized access on all-weather roads was possible.

The wellsites were found 1in different environments. Two were
located in the upper foothills, within dense pine and spruce forests, 3
and & km distant (linear) from sub-alpine and alpine spring-summer ranges.
One wellsite was located in a mature spruce forast at the base of a sub-
alpine open slope used az early-winter range. The last wellsite was in
the upper-subalpine within spring-summer ranges. The shothole was Found
in a mature spruce forest along a4 creek that separated winter from spring-
sSummear ranges.

The wellsites were used, at one time or another, by all the animals
in the region. However, the season and the level of use differed (Table
2], reflecting distance from seasonal ranges and the presence of escape
terrain.

While the use of 3 wellsites had never been continuously monftored,
data collected with time-lapse cameras (one frame every 3 1/7-4 minutes
during daylight hours) on Canterra 5-23 and Shell Panther 7 (Morgantinf
and Worbets 1988, Morgantini unpubl. data) were considered representative
for the entire regfon, particularly for the months of May and June (Table
3). The cameras only monitored the mineral 1ick and did not recard the
numerous fnstances when bighorn sheep were forced off site by vehicles ar
people taking pictures.

The strong attraction of bighorn sheep to wellsites was evident not
only during the servicing and testing of Canterra 5-23 (Morgantini and
Worbets 1988}, but also in June 1987, when bighorn sheep detected the
presence of an open sump on Shell Panther 1, a wellsite that previously
did not have any lick on site. A herd of 1B young rams took over the
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Table 2. Season and level of use of 5 wellsites by bighorn sheep, 1984-

1987,
Ho. amimals
Season Time at one time Sex-age
Canterra 5-23 Spring-summers Almost up to 50 FamMS-2wWes-
fall everyday lambs
Panther 14 Spring-7- Almost up to 20 rams
everyday
Panther 3 Spring=-summers= Almost up to 30 ewes=lambs
fall everyday
Panther 7 Winter-spring- Periodic up to 15 rams
{ stmmer)
Shothole Winter-spring- Almost up to 50 FAMS -EWes -
summer-fall everyday lambs

4 The attraction to this wellsite developed as a result of well
testing in the fall of 1986. 1In spring, when bighorn sheep started using
the site, the area was fenced off with a 2 m high pagewire fence.

Table 3. \Use of Canterra 5-23 and Shell Panter 7 wellsftes by bighorn
sheep as measured through time-lapse cameras.

Total no. Ko. of frames Total no. af
of frames with animals animals counted
Canterra 5-23:
May 1-31, 1985 5,582 2,779 16,098
May 16=June 27, 1986 10,317 2,021 8,974
Shell Panther 7:
June 11-July 19, 1986 5,817 g7 570

site, did not want to leave in spite of the use of numerous scaring
devices by the senfor author. After a 2 m high pagewire Ffance was
gerected, the young rams attempted to jump over 1t or to knock it down.

On all wellsites, bighorn sheep licked and ate soil containing
minerals used during gas well drilling and testing. Sodium appeared to be
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the major attraction. 1In some instances, the lick was localized to a
specific site. For instamce, on Canterra 5-23 and Shell Panther 3 the
mineral lick was represented by water seeping through old sumps. On Shell
Panther 7, water seeped upward thruu%h the sump. However, in most cases,
each lease area (approx. 10,000 m*} had turned into a mineral Tick
following bulldozer work to recontour the site. The mineral lick at the
siu:mic shothole was associated with minerals brought up by 2 flowing
spring.

MANAGEMENT CONCERNS

The presence of these artificial mineral licks and their heavy use
by bighorn sheep are reasons for concern: 1) crowding and range deple-
tion, 2) altered distribution, 3) tameness, 4) toxic chemicals, and &)
hunting (recreational, poaching, subsistence). These concerns are dis-
cussed in order.

Large numbers of bighorns concentrate and remain for a2 long time on
small areas trying to eat sofl and dirt. Dominance interactions with body
contacts among all sexes and ages are freguent. Abrasion of the skin hy
the soll creates fdeal conditions for the development of contagious
ecthyma (Samuel et al. 1975, Karstad 1981). Associated crowding allows ft
to spread, as well as spreading of any other infectious disease. In 1986,
2 lambs showing the initial stages of contagfous ecthyma were found on 2
wellsites. One ram, with its face badly scarred by secondary infections,
was cbserved on another wellsite, and later was taken by a hunter. The
continuous use of wellsites alsoc leads to overgrazing conditions on the
1imi ted adjacent range.

One of the wellsites is located in the upper foothills, within a
black spruce forest. The animals forage on grasses growing in the cleared
area. The proximity of a ravine offers some escape terrain. Another
witlTgite 15 also located in what would be considered marginal bighorn
sheep habitat. It could be sugoested that these wellsites are beneficial
ts bighorns because they actually expand the range of the population.
However, increased vulnerability to predation, increased energy expendi-
tures for travel, and foraging on suboptimal ranges may be ultimatsly
daletarious to the long term health of the population.

The over-riding attraction to mineral 1licks, association with
motorized vehicles, and the frequent presence of industry personnel and
recreationists can ultimately lead to the habituation of bighorn sheep to
people. This modified behaviour detracts from the bighorn's image as a
wildérnass alpine species and predisposes them to exploitation and risks.

Thereg 18 no evidence that mineral licks on the wellsites at the
présent contain toxic chemicals. Canterra 5-23 wellsite was drilied in
1961 and, since then, bighorn sheep have been using the seepage through
the old sump. The site might have been toxic at that time. However, the
existence of a well established set of trails in the area, and the
presence of an apparently healthy animal population, indicate that the
site has not been toxic for a significant period. The same line of
reasoning can be applied to the other wellsites. MNonetheless, in view of
the large array of chemicals which are used during well operations, the

138



dynamic nature of drilling research, and considering that historically all
chemicals used to be dumped 1in sumps, the potentfal Ffor toxicity is
present.

The bighorn's stubborn use of wellsites despite efforts to chase
them off (Morgantini and Worbets 1988), increases their susceptibility to
hunters. ¥ehicular access on all-weather roads further compound the
problem. Reports of up to 20 ewes and lambs taken from Canterra 5-23, and
of unknown numbers from the vicinity of the seismic shothole, could not he
verified. However, the recent slaughter of some 35 owes and lambs by
natives at an easily accessible natural mineral 1ick in the same drainage,
indicates the potential management problem.

MITIGATION

Unless a need for an adjacent mineral lick at a new wellsite can he
demonstrated (to provide essential compounds and elements), bighorn sheep
should be denfed access to the salt impregnated sofl of wellsites. Well-
sites are by their nature difficult to keep free of contaminants. The
number of people on site, thelr freguent shift changes, the recruitment of
new workers, adverse weather conditions and heavy dependency on short term
contractors, make the regulation of spillage very {neffective. The
economics of waste disposal, use of heavy equipment and temporary storage
of large volumes of fluids and chemical compounds, make sump pits and
spiliage on wellsites umavoidable. After drilling, reclamation is of
limited value. The drilling muds, circulation fluids, detergents, rig
wash, and jubricants used at wellsites can have very high concentrations
of salts and other chemicals. Bulldozer work will stir the soil and turn
the entire area into a mineral 1ick. In the Panther River region, highorn
sheep wore attracted on reclaimed wellsites with sodium concentrations as
low as 40 ppm (0.004%).

On some sites (very dry, well drained), it may be possible to bury
the sump pit and wellsite with overburden that will remain free of leached
and waterborne contaminants. At most sites fn the rugged terrain occupfed
by bighorn sheep, this is ineffective or economically aesthetically unmac-
ceptable. The only recourse is to erect a permanent fence around the
entire site. Reclamation and denial of vehicular access to the wellsite
are usually desirable to prevent further habitat degradation.

oeismic shotholes that turn into mineral licks should be dealt with
in the same way as a wellsite. In most cases, the access trail will be
easier to close to traffic.

If reclamation and physical blockage of vehicle access are not
feasible, legislation that will reduce human use of the site even if only
for part of the year may be required. The creation of a Wildlife
Sanctuary or Wildlife Control Zone may also be advisable.
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BEHAYIORAL RESPONSE AND HABITUATION OF MOUNTAIN GOATS IN RELATION TO
PETROLEUM EXPLORATION AT PINTO CREEK, ALBERTA

DAVID F. PENNER. Penner and Assocfates Ltd., 3 - 52059, Range Road 220,
Sherwood Park, Alberta TBE 189

Abstract: Two programé of expeérimental habituation were conducted to
condition a wild population of mountain goats (Qreamnos americanus) to
nofse stimuli representative of petroleum exploration activities, The
habituation programs achieved an increase in the goat's awareness of
introduced acoustic stimuli and humén presence without causing adverse
responses. Goats exhibited a tolerance of increased levels of indirect
and persistent moise, but continued to investigate any Tnitial or novel
sounds., Goats habituated to predictable, continuous stimuli, but were
disturbed by sudden, unpredictable stimuli. Nannies were sensitive to
stimuli of all kinds during the kidding and post-kidding seasons.

Human-caused disturbance of large mammals is a concern for wildlife
managers (Geist 1978, Shank 1979). Disturbances associated with
industrial and recreational activities, hunting or other situations can
cause modifications in the behavior of animals with répercussions on their
physiolagy, distribution, habitat use, fecundity and population health
(Geist 1971). Smith (1982) examined the potential fimpact of a proposed
natural gas well on the forest-dwelling mountain goats of Pinto Creek,
Alberta and concluded that habituatfon might bhe the only behavioral
alternative 1f the goats were to survive.

Mountain goats have inhabited the Pinto Creek area at least since
1945 (Kerr 19%65). Population size appears to have remafned fairly
constant and probably never consisted of more than 12 animals from 1942 to
1962 (S5telfox and Kerr 1962). Classified counts in recent years show the
herd size has varfed from 17 animals in 1965 to 7 animals 1n 1982 (Table
1!i 1Dur1ng the present study the herd sire fluctuated from 7 to 14
dnimal 5.

The Pinto Creek herd 15 considered to be atypical of goat
populations and 15 the longest term example of a goat herd known to reside
in a forested area in Alberta. The goats have successfully colonized a
restricted river valley habitat that §s separated from the main Rocky
Mountain goat ranges by 38 kilometers of dense conifer forest.

This paper examines the results of three fnvestigations on the
behavioral response and habituation of mountain goats In relation to
proposed and completed petroleum exploration activities at Pinto Creek
between 1981 and 1987.

Various portions of this study were supported by Alberta Recreation,
Parks and Wildlife Foundation and Western Canada Lottery Foundation -
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Table 1. Mumbers of goats by age and sex cohorts fin the Pinto Creek
population.

2-yr HAdult Adult Unclass-

Source Date Kid ¥rl. old female male ified Total
Stel fox & June'62 1 Fa - 3 1 E{Ad) 12
Kerr(1962)
Kerr{1965) Jul'g2 i 3 | ] [ - 17
Bibaud & Jan'76 1 1 - - - TiAd) 8
Hall({197&)
Bibaud{1977) ~—===== 2 1 - - - 6 Ad) g
Penner & Mar-Apr'8l 1 2 - k) 2 - 9
Jalkotzy May-Dec'Bl 3 1 2 3 2 - 11
{1984} Jan-Mar'82 3 1 2 3 1 - 10
Apr'82 F 1 Z 3 1 - g
May'82 2 2 1 L s - 11
Jun'8Z 4 . 1 4 F - 13
Aug'B2 i 1 1 g Fi - 12
Oct'B82 g 1 1 3 1 - 8
Mov-Apr'83 2 0O 1 3 1 = 7
May-Jul ‘B3 1 g 0 3 Z - 8
Smith(1984) Jun "84 i 1 s 3 F - 10
Penner(19856) Nov'B4 1 1 2 3 2 - 9
Taggart{1985) Aug'ss 3 1 1 3 4 1 9
Taggart et. Jun'as 3 2 - 4 7 - )
al. (1986)
Penner(1988] Mov'B&E- 3 2 = 4 2 - 11
Mar'87
May'87 i 3 2 ] 2 24 14

2 Includes 2 goats reported from Hightower Creek (W. Berry, Local
Trapper, pers. comm).
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Alberta Section, Gulf Canada Resources Inc., Shell Canada Resources Ltd.,
Aberford Resources Ltd., AMOCO Canada Petroleum Company Ltd., and the
Aberta Fish and Wild1ife Division. I thank them and the following
individuals who assisted with the field work and logistical support: K.
Smith, P. Jalkotzy, K. McCourt, F. Geddes, J. Duncan, D. Ealey, S. Elder,
K. Wingert, K. Sefdel, J. Taggart, B. Hennig, M. Wright, R. Glasrud and
0. Zaretsky.

STUDY AREA

The study area, which encompasses the Pinto Creek Mountain Goat
Reservation, 1ies on the eastern slopes of the Rocky Mountain Foothills
{Figure 1). The gently rolling forested plateau is dominated by lodgepole
pine (Pinus contorta) and white spruce (Picea glaucal. Pinto Creek valley
is deeply incised through several high, roun 1s, thus exposing the
shale and sandstone bedrock. Total relief varies Tess than 110 m through-
put the study area (1112 - 1220 m elevation). Goat habitat is centered on
a series of discontinuous bedrock exposures along the slopes of the Pinto
Creek valley and along Wroe and Hightower Creeks, near their confluence
with Pinte Creek. Thirty-four discrete cliff units have been identified
within the 15 kilometers of river valley normally used by the goats. The
majority of goat habitat use, however, is centered on three of the largest
cliff complexes located in the morthern, central and southern portions of
the range. The many small bedrock and soil exposures along the valley
slopes provide some additional foraging habitat and escape terrain for
goats during travels between the larger cliff units. The vegetation of
the area is classified as the Upper Foothills Section of the Boreal Forest
Region (Rowe 1972). The upland forest is dominated by lodgepole pine and
white spruce on well drained sites and black spruce (Picea marianma) and
tamarack (Larix laricina) in poorly-drained muskeg areas.

METHODS

Behavioral studies on mountain goats at Pinto Creek were done fin
response to three petroleum exploration programs:

1. January, 1981 to July, 1983. A natural gas well was proposed and
would be locatéd within 400 m of a main goat trail between core cliff
compléxes. The study Included monitoring baseline conditions and
experimentally conditioning qoats to nofge stimuli, The proposed drilling
progeam was not initiated.

2. November and December, 1984. Mountain goats were habituated to nofse
disturbance prior to a saismic program that would pass about 600 m From
the herd's traditional winter range.
3. October, 1986 through May 1987. An exploratory natural gas well was
drilled about 2100 m from the winter range. The goat's response to the
potential disturbance was monitored.
Monitoring Procedures

Field trips during the three study programs were mostly on a monthly
basis, each lasting for about 5 to 10 days. On each trip the goats were
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located (or at Teast the nursery herd) and main cliff units and trails
were examined to document recent habitat use. The main aggregation of
goats were monitored from dawn to dusk whenever possible and most consis-
tently for the times between 0B0D and 1800 hours. Goats were observed
from across the valley at & distance of 400 to 600 m. Observations were
made with the afd of a 20 - 60X spotting scope and B X 40 binoculars.
Individual goats were identified on the basis of body size (kid, juvenile
or adult), sex, and horn size and configuration.

Goat activity and habitat use was documented using the cbservation-
interval technique, adapted from the instantanegus scan method (Al tmann
1974). At each 15 minute interval, gdats were observed intently for about
3 minutes and the dominant activity, the habitat zone in which it occurred
and the behavior of each findividual determined and recorded. The
activities recorded were: feeding, bedding, standing, moving, playing and
intragpecific intéractions. The behavior of goats to their surroundings
was recorded as an indéx of increasing levels of awareness, alertness and
alarm responses based on overt behavior (adapted from Hicks and Elder
1979) (Table 2)}. Within the 15 minute interval, the goat herd was
monitored to note changes in their distribution on the cliff unit, major
changes in activity patterns and especially to document any directional or
alarmed behavioral responge (f.e. RI-gr-greater] to environmental stimuli.
Goat behavioral responses were related to all sources of stimuli (e.qg.
dircraft overflights, rock falls, other wildlife, the cbserver's location
and activity, broadcast noise and petroleum exploration activities).

Habituation

Behavioral conditioning of goats to accept or tolerate noise and
human presenceé was based on the conceptual model of the ruminants "Umwelt"
described by Geist (1971) and Thompson and Spencer's (1966, in Leaton and
Tighe 1976) characteristics of habituatifon. The following Criteria were
central to the habituation procedures:

1. Repeated application of stimulf;
2. A gradual increase in the magni tude and duration of stimuldi;
3. Consistency in the location of the stimuld source:

4. Indirect stimulatifon to foster learning by goats that acoustic,
ol factory and visual stimuli emanating from a distance are harm-
less;

5. The wuse of noise stimuli that could be controlled by the
observers and withdrawn or reduced in intensity 1f adverse
behavioral responses by goats were observed; and

6. The overt behavioral response of goats was monitored to
determine whether the magnitude of stimuli was sufficient to
facilitate habituatifon, avoid adverse responses (that would
develop negative associations and thus dishabftuation), and to
document the process of behavioral change.
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Table 2. Index of mountain goat behavioral response to environmental
stimuli.

R1. NO OVERT RESPONSE

Overt hehaviar did nat indicate awarensss af a =timulus. Goats were
resting, often with their heads down and eyelids closed, or foraging
intently.

R2. UNCONCERNED RESPONSE

Goats raised their heads at irregular intervals (Chadwick, 1977), or
appeared to be aware of a potential stimulus as shown by the position of
ears and occasfonal directional glance but continued feeding, bedding or
other activities,

R3. CURIOUS RESPONSE

Goats exhibited a directional alertness to a stimulus and perfodically
watched or l1istened intently for short perfods but continued the normal
maintenance activities.

R4. CONCERMED RESPONSE

Goats appeared very alert but did not exhibit directional movement. Goats
stood if bedded or stopped feeding to watch and listen intently in the
direction of a stimulus. Tail posture was partially erect. Some feeding
movements occurred, possibly as displacement behaviour.

R5. ALARMED RESPONSE

Directional movement or Flight by walking and/or trotting, usually to more
secure escape terrain, where goats stood, watched and listened intently.
The goats moved into adjacent Forest cover and along trails leading to
nearby escape terrain. Flight was immediate or followed a period of
concerned response. The tail was held erect, indicating fear and alarm
(Singer, 1978).

Rb. VYERY ALARMED RESPONSE

Rapid flight to escape terrain, movements on the c¢1iff units to more
inaccessible rock outcrops and huddling under ledges or against a rock
face. Alternatively, goats abandoned the escape terrain and ran to
adjacent forest cover and moved rapidly along ridges and trails to secure
terrain of nearby cliff units.
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Hoise came from a 1750 watt gas-powered generator and pre-recorded nofse
of an operating drilling rig, amplified by 50 watt speakers. Additfonal
noise stimuli during part of the programs were from the periodicuse of
chain saw, all=térrain venicles and the striking of & suspended steel pipe
with an axe to resemble noise of the tripping operations (f.e. the
repl acement of pipe=-string sections) on & drilling rig.

Buring the fnitial habityation program, temporal comparisons For the
evaluation of goat responses were obtained from preceding baseline studies
and by systematic observations several days prior to, and following
stimulation procedures. The fntensity and duration of stimuli were
gradually fncreased 1n the months preceding the planned start-up of
drilling operations.

The program to condition goats prior to the seismic program
consisted of three 7 day sessfons of gradually increased noise stimulation
within a 30 day perfod. In addition, a 12 gauge shotqun was used to
simulate the sudden explosions generated for seismic recordings. Gun
shots were repeated in a series of 3 and spaced at intervals of 1 to 4
minutes. Gun shot stimuli were generated between the 15 minute observa-
tion intervals. Up to 5 series of qun shots were fired each day,
depending on goat activity and visibility to the observer to allow for the
assessment of behavioral response.

In the recent field program when the drilling site was located near
the goat's traditional winter range, efforts were concentrated on
documenting the distributfon of goats during the rutting season, the time
of movement to the winter range and observations of the goat's behaviara)
response to noise from the drilling activities.

RESULTS AND DISCUSSION
Program 1: Experimental Habftuation

Mountain goats appeared to develop a tolerance of indirect and
persistent nofse stimuli in their environment, but continued to exhibit
elevated behavioral response levels to Initial, novel or sudden noise and
visual stimuli. Goats recognized and investigated unfamiliar or initial
stimulus, such as the dafly introduction of nolse stimulf and changes in
the nature and intensity of sounds, but generally fgnored the persfstent
and low intensity roar of broadcast sounds of a drilling rig. This s
evidenced by the absence of significant overt responses (R3-or-greater)
during about 98% of the observation-intervals (Table 3). The apparent
habituation of the goats to noise was not demonstrated by a decline in the
response frequencies recorded during the sequential stimulations. This
was 4 result of the gradual fncrease in stimuli intensity, which main-
tained low levels of behavioral response to the noise stimuli throughout
the twelve month program and allowed goats to become acclimatized to the
noise disturbance.

The number of goat responses R3-and-greater per 100 goat-hours [(GH)
observation was significantly greater during days of stimulation than for
days of non-stimulation (9%2.7 and 46.0/100 GH: P>0.05) (Table 3). This
trend was 1ess pronounced during the fall and spring when the general
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Table 3. Percent frequency of goat behavioral response and number of
responses Ri-or-greater per 100 goat-hours observation durfng experimental
habituation and seismic programs at Pinto Creek, Alberta.?d

Experimental habituatfon

Non-stimulation phase Sefsmic program
Behavioral Stimulation sessions:
index phase Basel. Pre- Post- Mean 1 2 3

Percent Frequency of Responses at observation intervals:

Rl a4 a7 95 ar 36 73 BT a2
R2 4 2 3 2 4 17 11

R3 | 1 1 <l 1 10 2

R4 <] <] <] <l 3 | (1] <1 <]
RS <] <l 0 0 <1 0 4]

RE 0 0 0 0 0 0 0

Humber of

obseérvations 6408 228 3920 2868 9016 B0 942 1744

Number of Responses RI-or-gréatér per 100 GH:

R3 T4.9 4.7 3.4 3J2.0 30.9 130.1 T70.4 92.7
R4 11.7 5.4 13.0 9.0 2.1 0.4 5.9 8.9
RS 6.l 7.4 3.4 T3 g4 £.0 0 2.1
R& (1] (1] (1] 1] o 0 0 0
Total gz.7 37.0 &p.8 48.3 4h.0 142.% 76.3 103.7
Hours of

ohservation 427 149 261 191 601 202 236 436

@ Combined data from total observation times during the
experimental habituation study: June, 1982 to July, 1983, and sefsmic
program: November-December, 1984.
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increased alertness of goats coincided with the rutting, kidding, and
post-kidding pericds. Noise stimuli was the documented source of 48%
Iipring} to 78X (winter) of elevated goat responses (R3I-or-greater) (Table
4).

Daily fntroduction of acoustical stimulatfon, sound surges (due to
changing wind patterns) and sudden noises resulted in more frequent
responses by goats than from the more consistent, predictable drilling rig
sounds. The periodic noise from pipe clanging and the use of a chain saw
at the generator site was also effective in capturing the goat's
attention, and evoked curious responses (R3).

Goats responded to human presence (observers) in & manner similar to
their acceptance of introduced nofse stimuli. Our cautious approach
during the program allowed the goats to learn that our presence across the
valley was predictable and harmless. Goats exhibited curiocus responses to
the observer's arrival at an observation site but mostly fgnored our
presence thereafter. Goat's awareness of observer presence, changes in
observer position, or sudden movements was evidenced by their unconcerned
(R2) and curious (R3) responses. Goat response to observer presence was
similar between stimulation and non-stimulation periods in fall, winter
and summer (Table 4). Mannies, during the kidding and post-kidding
season, exhibited a greater awareness of observers and alertness to other
environmental stimuli than in other seasons (Table 4).

Dafly activity patterns were characterized by alterations in feeding
and resting periods. The proportion of time spent feeding on stimulation
days was not consistently greater or less than control comparisons for
various months or seasons. The average duration of feeding bouts during
stimilation days (1.9 hours) was similar to the preceding days (2.0 hours)
but T1eéss than post-stimulation days (2.4 hours] (Table 5). Increased
fFrequency of feeding bouts were accompanied by a reduced duration of
feeding bouts 50 that the total foraging time per day (annual meéan of 4.8
hours) remained the same between stimulation and non-stimulation periods.

Goats exhibited their greatest sensitivity to unusual or sudden
stimuli such as rock falls, aircraft overflights and predators (Table 4).
Stimuli that could be seen or seen and heard by goats elicited a stronger
response than most types of noize aleone. The goat's response to ffxed-
wing aircraft overflights was usually unconcerned (R3) while the sounds of
a helicopter frequently elicited concerned (R4) or alarm (RS) responses.
Previous experience with helicopters may have been a sensitization factor
influencing the goat's behavioral response.

In conclusfon, goats accepted or tolerated indirect and persistent
noise disturbance based on insignificant changes in behavior, activity and
habitat use.

Program 2: Seismic Exploration
Nine goats were monitored between November and December, 1%84 (Table
1]. Location of goats on the southern c1iff complexes during the rut was

similar to seasonal distribution patterns observed in previous years.
Movements of the herd (with the exception of am injured male) to the
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Table 4. Numbér of behavioral responsés per 100 goat=-hours at levels
Ri-and=-greater to different environmental and introduced stimulf during 4
seasons of the habituation program and the seismic program.

Responses per LOO goat=hours: stimulation days

Habituation program Sefismic program
Stimuli source Winter Spring Summer Fall 1 4 3
Introduced Stimuli
general broadcast 20 37 19 24 11 2B 20
inftial start-up 4 | 27 2l 34 4 14 12
sound surges 4 0 7 5 - - -
horn 2 10 2 11 - - -
pipe clanging 9 13 0 0 - - -
chain saw 3 10 - - 9 1 i
snowmobi 1e ATV 3 - - - 0 B 3
subtotal 62 a7 49 T4 24 51 35
Other Stimulq
observer 5 17 14 21 25 7 10
predators 1 - - - - - =
birds 4 1] 1] 1 17 1 1
rock falls 1 - 3 . - - -
afrcraft - 3 3 - 9 - [
intraspecific Fa 3 & [ 42 7 5
seismic program - = - - = = 54
other/unknown 4 80 fi 2 20 11 24
subtotal 17 103 31 30 113 26 68
Total 79 200 80 104 137 77 103
Responses per 100 goat-hours: non-stimulation days
Hab{ tuation program
Stimuli source Winter Spring Summer Fall
observer & a6 17 15
nowmobile /ATY 7 0 0 3
predators 10 - - -
birds & 7 1 i
rock falls s - 3 -
aircraft Z 5 1 a
intraspecific 3 34 4 2
other/unknown o 50 12 5
Total 46 182 36 29
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Table 5. Number and duration of dafly feeding bouts by adult female
mountain goats during baseline and habituation studies.d

Number (duration in hours) of daily feeding bouts

Winter Spring Summe r Fall Mean

Study phase No.(dur) No. (dur) No.(dur) No.(dur) No.{dur)

Baseline 2.2(2.3) 3.8(1.8) 4.0(1.1) & 7(1.7) 2.9(1.7)

Experimental Habituation

Pre-stimuli 1.7(2.7)  5.0(1.3)  2.5(0.8)  2.5(1.2) 2.6(2.0)
Stimulation 2.5(2.2)  3.001.7)  2.3(1.2)  2.6(2.0) 2.6(1.9)
Post-stimuli 1.8(3.0) 6.0(1.1) - 1.7(1.6)  2.5(2.4)

Habituation and Seismic Program
Stimuli 2.3(2.1) - - - -

8 Data are means of the most complete days of goat observations.
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traditional winter range was earlier than in previous years and may have
been fnfluenced by severe weather and 30 cm of snow. This program
required rapid acclimatization of the goats to noise during 3 habituation
sessions.

Goats exhibited an unconcerned behavior (R1 and RZ) to noise and
other stimuli in their environment during the majority of observation
intervals (90%, 98% and 91% during sessions 1 to 3, respectively) (Table
3). Overt responses of R3I-and-greater during and between observation
intervals were greatest during the first habituation session (142.5/100
GH}, least during the second sessfon (76.3/100 GH) and intermediate in
frequency during the last session (103.7/100 GH) (mot fncluding the gun
shot stimuli) (Table 3).

The heightened level of goat alertness during the first session was
attributed to {intraspecific responses related to rutting behavior,
observer presence, and the {introductfon of noise (Table 4). Rutting
activities appeared to 1ncrease the alert behavior of adult goats,
particularly the dominant billy. Goats were more responsive to the nofse
stimuli on the first day of sach session (mean of 467100 GH) than on
subsequent days (mean of 16/100 GH). The goats were more responsive to
infrequent and novel sounds created by the use of a chain saw, distant
vehicles and aircraft overflights than the constant generated nofse.

During the second session, goats were located mostly on cliff 11
[(Figure 1) across from the sound generation site. Broadcast sounds were
responsible for an average of 551 of the responses R3 or greater. Goats
exhibited overt behavioral responses to the initial introduction of nofse
each day, sound surges or unusual sounds such as the horn blast on the
tape, and appeared to fignore the more constant nofse stimuli. The
directional alertness associated with curious (R3) responses to acoustic
stimuli were normally of short duration (i.e. less than 60 seconds) before
the goats resumed maintenance activities.

The third habituation session overlapped a 5§ day period when seismic
lines were being clearad near the traditional winter range at cliff unit 1
(Figure 1}. A drilling rig, about 5 km west of the winter range, was also
audible periodically. The noises from the 1ine-clearing activities were
discontinuous and varied in nature, intensity and location over several
days. Goat responses to these stimuli were mainly curfous (R3), with
directional alertness. On 3 days during the peak of sefsmic Tine clearing
activities, the goat herd exhibited an increased nervousness and several
prolonged periods (up to 2 hours) of concerned (R4) response to nofse
stimuli. Several goats exhibited alarm responses (R5). After the periods
of elevated alertness, goats would begin foraging, often in the upland
forest zone, 50 to 100 m from escape terrain. We interpreted the goat's
behavior as nearing the thréshold of tolerance before abandonment of the
cliff unit for other secure locations. The dozer, drilling rig and
broadcast nofses appeared to have a cumulative effect with a resulting
higher frequency, intensity and duration of behavioral responses by goats.
Stopping the broadcast noise was later followed by & more relaxed behavior
by the goats. On the following days the noise from the line clearing
operation were finfrequent and less fintensea and the goats exhibited a
tolerance of noise disturbances.
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The intensity of gun shot npoise was increased during the habftuation
program by changing the direction of the shots and reducing the distance
between the goats and the gun shots. The inftial sequences of gun shots
resulted in directional alertness and concern (R3 and R4 responses) by all
goats which lasted several minutes. The frequency and intensity of
behavioral responses declined with subsequent gun shots in each serfes and
subsequent gun shot series during a particular day (Table 6). The average
freguency of response (R3-or-greater) for a sequence of three shots for
all observations combined was: 3B, 26 and 191 of the goats, respectively.
Alert responses to a seguence of 4 gun shot series in one day averaged 40,
23, 17 and 12%, respectively. The overall response freguencies ([(R3I-pr-
greater) also declined during the three habituation sessions: an average
of 40, 22 and 14%, respectively. During the last session, gun shots
directed towards the goats from a distance of about 500 m resulted in very
few alert responses by goats.

The behavioral responses of mountain goats to the gun shot stimuli
are perhaps the best indication that goats can become conditioned to
potentially disturbing noise stimuli. Goats did net appear to associate
the gun shot noise with the observers and thus a negative association was
not formed. Goats exhibited an increased tolerance of both the observers
and gun shots during the habituation program. The higher frequencies of
goat responses (R3-or-greater] at the initiation of gun shots during each
day, each series and monitoring session shows their re-investigation of
this stimulus (i.e. spontaneocus recovery from conditioning].

Goats maintained typical patterns of dafly activity and habitat use
throughout the habituation and seismic program in comparison to basalipe
data. Results suggested that goats tolerated the potentially disturbing
nofse stimuli that would accompany seismic activities.

Program 3: Drilling of an Exploratory Natural Gas Well

The drilling rig was about 2100 m from (behind} the traditional
winter range (cliff 1, Figure 1) and was not visible to the goats. Noise
abatement from drilling activities dncluded use of a diesel-electric
generator and the piling of clearing slash along the southern perimeter of
the well site. Noise levels of the operating rig a4t the well site
dveraged about 69 dBA. The highest noise lewvels (79 to 92 dBA) were from
the warning horn and drum brake (i.2. a friction brake that controls the
pipe-string and emits a high frequency nofse). Drilling rig noises
attenuated rapidly within the first 500 m of forest cover and then more
slowly with increasing distances up to 2000 m. On goat winter range,
noise levels were near ambient sound pressure levels in the A scale, but
intermittently audible to the observer as distinct sounds. nder
conditions of better sound transmission, drilling rig nofse was
perceptible to the observer at central amd southern cl11ff complexes (6100
m and B600 m, respectively). These noise levels were within the range of
introduced noise disturbance that goats tolerated or became habituated to
in previous investigations.

Eleven goats were monitored (Table 1). The nursery group of goats
did not move to the traditional winter range, but remained in the central
and southern part of their range and moved frequently between cl11ff units

153



Table 6. Frequéency of behavioral responses R3-or-gréater to sequential
gun shots during habftuation of mountain goats to seismic activities at
Pinto Creek, Alberta.

Habi tuation session

Series (N)2 sb 1 2 3 Meant
First (75) 1 71 50 49 56
s Fib ! Fat's 16 36
E 67 10 16 30
cecond (37) 1 45 23 a 30
2 25 45 0 24
E| 15 25 0 14
Third (37) 1 12 11 50 22
2 32 11 0 19
3 25 0 a 11
Fourth (28) 1 13 33 0 18
2 1] 25 i} 11
3 0 17 0 Fi
M1 zeries (177) 1 47 34 o8 i
2 40 22 a 2h
3 14 1o a i9

4 N: sample size of goats observed during gun shot sequences;
responses from the days of each stimulation session are combined.

b 5: sequence of gun shots in each series.

C Weighted means are total responses divided by all possible
responseas for the period represented.
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during winter. Observations of the nursery herd provided few fndications
that these goats perceived the noise from the drilling program.
Observatfons of the goat herd's behavior in December were interpreted as a
possible attempt to move from the central ¢1iffs to the winter range. The
goats engaged fn several excursions to the northern limits of the cliff
complex but returned as a cohesive group to the security of the main cliff
unit. The goats did not exhibit notable overt behavioral responszes to
indicate concern or alarm. Several nannies exhibited curious responsas
(R3}, with directional alertness to the drilling noises. Although there
was no behavioral evidence to findicate that noise disturbance was a
factor, the failure of the nursery herd to move to the traditional winter
range coincided with the occurrence of the drilling program.

In contrast to the nursery herd, both adult males utilized the winter
range during the drilling program. One adult male, first located on the
winter range in October, was alert (R3]} to low intensity drilling noise,
but did not exhibit concerned responses. This animal soon travelled to
the southern cliff units where he tended 2 nannies for the duratfon of the
rut. The other Dilly moved to the winter range following the rut and re-
mained there for four months in the presence of noise from the drilling
program. This billy appeared to be constantly aware of, and alert to, the
variations in sound stimuli from the drilling rig (primarily R3
responses|. The goat's responses were finterpreted as fInvestigative
he?av1$r to sudden or novel sounds and a tolerance of the persistent noise
stimuli.

The winter drilling preogram did not appear to have an impact on the
health and survival of the goat herd. The 11 goats were still present in
March. The birth of I kids in May and the expectation of another kid From
a pregnant nanny indicated that the unusual winter distributfon did not
have significant adverse effects on the nutritional status and health of
the adult females, as evidenced by reproductive success. It may have been
fortuitous that this winter was relatively mild and had low snow accumula-
tions. These conditions facilitated goat movements between C1Iff units
and made forage readily available during much of the winter.

Wildlife managers belfeve mountain goats are particularly vulnerable
to disturbance (or harassment as defined by Geist 1978) and that this high
sensitivity should be refiected in management strategies when goat
populations are subjected to industrial activities (Pendergast and
Bindernagel 1977, Smith 1982, Joslin 1986). Joslin (1986) reported that
seismic activities for energy exploration did not result in abandonment of
home ranges by mountain goats in Montana, but did coincide with a decline
in adult female numbers, kid numbers and productivity in one population
segment. Joslin (1986) sugogested that stress induced by the seismic
activities was cumulative over several years, resulting in reduced
mountain goat productivity.

Geist (1978) noted that, 1in contrast to bighorn sheep (Ovis
canadensis) which are easily habituated to humans provided there iS5 no
hunting, mountain goats tend to remain flighty and are Far lest readily
approached. Singer (1975) examined the influence of a highway, passing
traffic and visitors on mountain goat movements and use of a mineral lick.
While he demonstrated a negative association of highway crossings by goats
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with vehicle passage and visitor presence he also showed goats at the 1ick
became habituated to sounds of visitors on the exhibit and passing trains
across the river, but continued to perceive the sounds and presence of
passing vehicles as a hazard. Foster and Rahs (1980) found that goats in
the Stikine Canyon, that were subject to drilling disturbances in full
view of normally used cliffs, shifted their distribution one to three
kilometers for the duration of the drilling program and returned to their
normal distribution soon after rig removal. McFetridge (1977) suggested
that the absolute amount of forage available to any herd of mountain goats
is a function of the distance that they will travel from core area of high
security and that the total area used by goats or the frequency of
excursions might be reduced by disturbance.

Large mammals can habituate to potentially adverse stimuli (Kelsall
1968, Geist 1971, Erfckson 1972, Bergerud 1974, MacArthur et al. 1982).
Big game animals can become conditioned to, and tolerate or accept, noisy
highways and airports, crowds of tourists, and the presence of loud, dusty
and smelly industrial activities, all of which temd to be localized and
therefore highly predictable (Gefst 1978).

From the Pinto Creek investigations, we concluded that goats are
adaptable and can habituate to potentially adverse stimuli 1f they are
gradually acclimatized and negative associations are avoided. The
conditioning of mountain goats to potentially disturbing stimuli prior to
the inftiation of development activities is a positive mitigation measure
that can reduce potentially adverse impacts. This approach may also he
applicable for other big game species fn sfituations where industrial
activity impinges on critical habitat.
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BIGHORN SHEEP USE OF A GAS WELLSITE DURING SERVICING AND TESTING: A CASE
STUDY OF IMPACT AND MITIGATION
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Abstract: Between May and August 1985, Canterra Energy seérviced and
tested a 693 sour gas well along the eastern slopes of the Rocky
Mountains, 3 km from the boundary of Banff National Park, Albérta. The
well had been drilled in 1961 and sincée thén highorn shéeep had used the
segpage through the old sump as a mineral 11ck. During the inftial stages
of well testing, in May 1985, a surprising number of animals made extan-
sive use of the mineral lick, located 30 m from the well head. Apparently
attracted by rig detergent, the animals abandoned the mineral Tick and
spread over the lease licking pipes and equipment. Immediate mitigation
was successful in attracting sheep away from the lease onto surrounding
h!rghE'r elevation ranges. Concerns, field techniques and mitigation are
discussed.

In 1985, Canterra Energy Limited serviced and tested a 69% sour gas
well Tocated at 2,000 m elevation along the east slopes of the Rocky
Mountains in west-central Alberta, 3 km from the east boundary of Banff
National Park. The well had been drilled in 1961, but due to its high
sulphur content had not been developed. Orilling of the well resulted in
an artificial mineral 1ick located 30 m from the well head. The lick was
formed by water seeping through the drilling fluids sump. In December
1984, when Canterra Energy applied to regulatory Government Agencies for
servicing and testing the gas well, the number and distribution of bighorn
sheep in the region, and the time of the year and the extent of use of the
mineral lick, were not known. In order to provide this information, a
wildlife monitoring program was inftiated. 1Its two mafn objectives were
to assess the impact of Canterra operations on bighorn sheep and to assist
the company in mitigating potential negative impacts. Throughout the
period of well servicing and testing (May-September), experienced wildlife
biclogists monitored the presence and the movements of bighorn sheep in
the area on a daily basis.

SEQUENCE OF EVENTS

since early April 1985, bighorn sheep were observed grazing on the
opén slopes surrounding the wellsite and using the mineral lick. In May,
whén Cantérra Energy moved equipment on site, the mineral lick was consis-
tently used by hérds of rams. The animals were seen within 100 m of the
wellhead during road grading and wellsite preparation. during the initial
pressure testing of the well and with & service rig on site. Attracted by
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the mineral Tick, 10 m from the lease boundary, and 30 m from the derrick,
rams dfd not appear afrafld of rig operation and noises. Yet, they were
continuously alert, frequently running for 5-10 m whenever a sudden loud
equipment nofse was made.

During the third week of May, the number of animals present around
the wellsite increased rapidiy. On May 20, a total of 40 rams were
counted. Between May 22 and May 25, the number increased to 60 different
animals, of which 23 were mature rams. To further compound the situation,
the animals began using the wellsite {tself. On May 22, several bigharn
sheep were observed for the Ffirst time licking pipes that had just been
cleaned with a rig detergent. 0On May 23, the animals were more attracted
to the wellsite than to the mineral 1ick nearby. Several herds walked
onto the wellsite and spread out over the area among the rig workers.

CONCERNS

The inftial use by bighorn sheep of a mineral lick in the vicinity
of a critical sour gas well during servicing operations raised a substan-
tial ameunt of controversy. The presence of animals so close to fndust-
rial’ activities appeared to support the position of numerous fndividuals
in the oil industry that their activities were not affecting wildlife. At
the same time, environmental public opinion groups were questioning the
witsdom of allowing am oil company to conduct operations fn such an
apparently sensitive area for bighorn sheep.

From a biological and management point of view, several concerns
were fdentified. Specifically:

1. The animals, when using the mineral lick, appeared continucusly tense
and alert. This enhanced physiological status, if prolonged, could
have a significant impact on the animals' welfare at a time when they
had already been taxed by a severe winter.

2. The overriding attraction to the mineral Tick and the continuous close
presence of people and activities could have led to the habituation of
rams to humans. In view of the potential for poaching and harassment,
and considering the recreational wvalue of the animals, habituation was
not desirable.

3. The use of the area left the animals expased to minor industrial
accidents, which, as unlikely as they were, could not be discounted,

4. Later in spring and summer, more animals, ewes and lambs, could move to
the mineral Tick, and hence be exposed to the activities at the well-
site.

When the animals abandoned the mineral lick and spread over the
wellsite, a major concern overrode all the others. The rams were quite
bold and aggressive. They were exposed to industrial accidents and toxic
chemicals on site. They were also a hazard and a source of distraction
for rig workers, and they were affecting normal well-servicing
operations.
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OPTIONS

Prior to the animals' attraction to eguipment and chemicals at the
willsite, discussions about whether bighorn sheep should be moved away
from the area or should be left using the mineral lick were confined to
Government and University wildlife biclogists and private consultants.

The total absence of baseline data on the yearly use of the mineral
1ick restricted the number of options available to the following:

1. Stop or delay the well testing operatfon.

2. Fence the entire area, including the wellsite and mineral Tick, with
page-wire.

3. Remove the mineral lick through fencing or other means, and bait the
animals away onto adjacent valleys with supplementary s=ait.

4. Remove the mineral 1ick without replacing 1t with supplementary salt
in adjacent valleys.

5. Leave status quo.

Canterra Eneérgy was prepared to stop or delay the operation if the
animals safety could not be jfnsured,

For safety reasons, the second option was unacceptable. In view of
the high sulphur contént of the gas, in the event of a Teak rig workers
had to have the optifon to escape up-wind wherever the conditions of the
moment allowed.

The third and fourth options had positive and negative points.

There was no quarantee that replacing the mineral Tick with salt
boxes, and/or baiting the animals away, was going to be effective. IF
affective, it could have attracted other animals which, otheérwise, would
not have moved in the area. Removing access to the mineral lick without
providing any artificial alternative appeared to be a long term solution.
It was also feared that placing large rocks on the lick or fencing 1t
would have resulted in animals searching for salt on the wellsite itsalf.
This indeed happensd despite the availabhility of the mineral Tick.

Leaving the status quo was not favored by Canterra Enrrg_y Limited
and by Government officials because of repercussions of an unlikely, but
possible, accident.

Ultimately, a decision was made to baft the animals from the area
without removing the mineral 1ick. Unfortunately, that decision was
reached the day before the rams were attracted to the equipment on the
wellsite. At that point, the only option available was to chase the
animals away from the wellsite.
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MITIGATION

Attempts to chase bighorn sheep off the welleite proved unsucces-
sful. Flares, loud poises and people, on foot or horse-back, were affac-
tive only in forcing the animals to retreat For a few minutes or to circle
around the source of disturbance.

In order to bait sheep away from the site, a large amount of loose
mineral supplement was Teft in 2 weatherproof boxes sat op the surrounding
slopes, at a 100 m higher elevation, 500 m distant from the wellsite, At
that time, the animals were £lowly héerded from the wellsite to the bajted
area.

During the following two days, mitigatfon attempts appeared to be
successful. About 60 bighdrn shéep weére grazing on the surrounding open
slopés. Somé used the 331t boxes, but only 5 rams came down to the well-
site.

When bighorn sheep were back on the wellsite, eating dirt and
licking pipes, a single wire électric Fence was strung at the edge of the
wellsite on the mineral 1ick side. Inftially, that proved affective in
keaping the animals off the equipment area. However, the following day,
18 rams and ewes came anto the wellsite from another side not fanced, and,
when chased off, ran across the lease and easily jumped the electric wire.
Consequently, a second and third bait site, further away from the well-
site, were established. By May 30, 7 days since bighorn sheep began
licking equipment on the wellsite, only ten animals sti11 rematned in ts
vicinity. A1l the others used extensively the salt boxes containing
mineral supplement. The salt boxes were gradually moved further away in
valleys adjacent to the wellsite basin.

Mineral supplementation boxes were used by bighorn sheep throughout
the summer and were successful in keeping ewes and lambs away from the
wellsite. 1In total, over the summer, the animals consumed some 700 kg of
salt and supplement. A1l the boxes were removed in September, when
Canterra ceased its operations at the wellsite.

Inftially, it was decided to permanently cover the mineral lick by
the wellsite. However, after discussions with Government biologists, the
lick was left open on the basis of the following considerations:

1. It was & safe source of minerals.

2. Bighorn sheep wereé highly attracted to the wellsite. Keeping them away
from i€ was the priority.

3. The electric fence on the edge of the wellsite was effective in keeping
the animals away from it only as long as they did not want to get in.
A similar fence around the mineral lick was not effective. Rams pushed
the wire down. Hence, it was feared that removing access to the
ruiﬁr?l 11ck could have led the animals to push their way onto the
wellsita.
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CONCLUSTONS

The series of events that happened on Canterra Energy wellsite are
indicative of the risks associated with of1 and gas development on bighorn
sheep ranges.

There fs a general agreement that the disturbance associated with
dri1ling new gas wells on bighorn sheep ranges can affect animal distribu-
tion and habitat use. Unfortunately, the ELmn:t of existing wellsites on
animal distribution, and the impact of bighern sheep overriding attraction
to minerals used during drilling and servicing, are less appreciated
(Morgantini and Bruns 19BB)}. The attraction to salt impregnated soil on
wellsite not only can alter distribution and movement patterns, but it can
also expose animals to a large array of potentially toxic chemicals. This
risk is very high during drilling and servicing operations, when high
concentrations of potentfally attractive chemicals are present.

On Canterra wellsite, bighorn sheep were so strongly attracted to
the rig detergent [(Ma = 12%, pH = 13.4), that no level of active harass-
ment appeared effective In keeping the animals away from it. A single
wire electric 1ivestock fence was also of limited use. Erecting 2 game-
proof fence should have succeeded in making the site unaccessible, but it
was not advisable for the safety of the workers servicing the well. In
this regard, 1t would be noted that, at another wellsite, bighorn sheep
rams tried to access an open sump pit by striking head-on a just erected
2 m high pagewire fence {Morgantin{ and Bruns 1988).

The evidence indicates that we were successful in resolving the big-
horn sheep-wellsite conflict by extensive baiting and actively herding the
animals away. Based on a two years intensive study, initiated when well-
site operations were completed, the animals appears to have re-established
their previous distribution patterns. Mo indication of long term impacts
was found. However, we beliéve that the success of the mitigation 18
attributable, at least in part, to several factors, such as the physio-
graphy of the area, the location of the site, the short term duration of
fndustrial activities, the complete removal of vehicular access after-
wards, and the fullitime fnvalvement of wildlife biologists. Therefare,
our approach should not be seen a5 "the answer® to any other bighorn
sheep-industrial developmeént conflict. Baiting bighorn sheep away from a
gite 15 not a solution because of the potential long term risks invalved:
altered animal distributions, range depletion, crowding and spreading of
diseases, and increased legal and 11legal hunting (Morgantini and Bruns
1988). 1f development of suspended wellsites ar drilling on bighorn sheep
range 15 allewed, strict measures should be taken to minimize wildlife-
wellsite interactions. Mitigative measures should include the selection
of an appropriate construction window (e.g. fall-winter), vehicular access
control, avoiding use of rig detergents, effective control of spillage,
and pro-active wildlife management. Baseline data on local animal popula-
tiens and the presence of experienced wildlife biclogists are alza needed
to detect potential problems or to minimize unexpected wildlife-gaswell
drilling conflicts.
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DRILLING IN SHEEP COUNTRY: GAS DEVELOPMENT AT PRAIRIE BLUFF, ALBERTA

DOUGLAS A. MEAD, Shell Canada Limited, P.0. Box 100, Station M, Calgary.
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LUIGI E. MORGANTIMI, Wildlife Resources Consulting Ltd., Box 652, Sub 11,
Univ. of Alberta, Edmonton, AB TGG ZEO

Abstract: In 1987, Shell Canada Limited was in the process of drilling
and developing 2 gas wells on & mountain ridge in southwestern Alberta.
The area is a well known bighorn sheep winter range. In order to address
& widespread concern about negative impacts from industrial activities on
bighorn sheep, Shell adopted a series of measures designed to mitigate
potential impacts. In addition, because of a limited availability of
baseline data on bighorn sheep movements and distribution in the region,
shell initiated a bighorn sheep study whose objectives were to identify
seasonal ranges, locate alternate winter ranges, and determine whether the
industrial activity resulted in negative impacts on the sheep.

The Waterton Gas field in southwest Alberta was discovered by Shell
Canada Ltd. in 1950's. Production from the field and processing of the
gas through the Waterton Gas Plant started in the early 1960's. By the
end of 1986, a total of 46 wells had been drilled.

DRILLING AT PRAIRIE BLUFF: CONCERNS AND MITIGATIOM

In early 1986, as part of the on-going development of the Waterton
Field, Shell Euulngisu propased the drilling of twd or thrée wells into
the portion of the gas reservolr that was known to exist beneath Prairie
Bluff. After reviewing the need to maintain proper well spacing and the
geographical constraints of the area, 1t was determined that 2 wells were
required on top of the secondary ridges connecting Prafrie BIuff to
Victoria Peak, a major mountain approximately & km southwest. This area
had been long recognized as {mportant winter-spring range for bighorn
sheep. A major concern for Shell, the Alberta Govérnment and numerous
public interest groups and individuals was whether the drilling and/or the
presence of gas wells would seriously impact the bighorn sheep in the
area. The following fssues were {dentified: improved access and incrgased
legal and illegal hunting; habitat destruction; habitat loss resulting
from range abandonment; and increased stress.

Several mitigative actions were proposed by Shell and approved by
the Government. They were: construction/drilling would not occur between
December | and April 30 to avold any potential impact during a critical
period; the new access road would be gated to prevent public use through-
out the life of the wells; buried concrete tanks would be used for the
collection of drilling wastes prior to offsite disposal; and all disturbed
areas would be promptly reclaimed.
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Road and wellsite construction was fnitiated during the month of
November 1987, It will be completed in May 1988, followed by the drilling
of 2 wells simultaneously.

THE BIGHORN SHEEP MONITORING PROGRAM

When Shell Canada first proposed to drill the gas wells at Prairie
Bluff, 1ittle was known on the spatial and temporal use of the area by
bighorn sheep. Furthermore, very little data existed to verify what
fmpacts result from industrial activity in critical winter/spring range.

In October, 1986, after consulting with Alberta Fish and Wildiife
staff, representatives of the Alberta Fish and Game Assocfation, the
Alberta Wilderness Association, and experienced wildlife professionals,
Shell inftiated a bighorn sheep monitoring study. The objectives were to:
1) determine the timing and amount of sheep use of the area; 2) identify
important feeding areas, trafls, etc.; 3) monitor and assess reactions to
construction, drilling and production activities; and 4] record any other
wildlife and recreational use of the area.

A review of the results obtained from October, 1986 to June, 1987,
led to an expansion of the study with 2 more objectives: 5) obtain more
information on the annual movements and distribution of the Prairie Bluff
herd, by the use of radio-collars; and 6) conduct a vegetation assassment
of the feeding areas on Prairie Bluff and identify other similar areas in
the vicinity. The purpose was to have baseline data in the event that a
habitat improvement project was required.

PREL IMINARY RESULTS

1. Bighorn sheep used Prairie Bluff throughout 1987, although summer and
early fall use was relatively light. Some lambing occurred.

2. The Prairie Bluff herd appeared to be expanding after a major die-off
in southwestern Alberta in the early 1980°'s. Ouring the winter of
1986-1987, Prairie B1uff supported up to 43 animals (15 rams, 17 ewe-
yearlings, 11 lambs). During the following winter (1987-88), 51
animals were counted (12 rams, 27 ewe-yearlings, 12 lambs).

3. The portion of the sheep range that will be destroyed by road and
wellsite construction is a small portion of the total range available
in the area.

4. Road and wellsite construction activities in November, 1987, resulted
in temporary displacement of the animals (Figure 1), but they quickly
re-established themselves in the area when construction ceased.

5. Helicopter activity caused much stronger reactions than blasting, use
of heavy machinery, or the presence of people.
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MOUNTAIN GOAT STATUS, BLACK HILLS. S0UTH DAKOTA

TED A. BENZION, S5outh Dakota Department of Game, Fish and Parks, Rapid
City, SO 57702

LESLIE A. RICE, South Dakota ODepartment of Game, Fish and Parks, Rapid
City., SD 57702

Abstract: An apparent decline in population of Rocky Mountain Goats
[Oreamnos americanus) within the Black Hills, South Dakota dictated a
bateline sfudy to determine population numbers, dynamics and habitat use.
From 1983 through 1987, 48 marked and/or radio-collared mountain goats
were monftored. Home range for adult males averaged 29 kmé. Adult female
home range averaged & kme, Use of granite outcroppings demonstrated
seasonal preference ranging from 993 use during winter to ?4: during fall.
Time spent off granite outcroppings was primarily feeding in open slopes,
meddows, clear-cuts, and riparian areas. Age specific natality
représénting 4] female goat-years productivity varied from 0% for Z-year-
olds to 68% for S-or-moreé-year-0lds. Documented kid production remained
stable during 1983, 1984, 1985, but increased 30% during 1986. During
study duratfon, yearly mortality estimates were 143 for 1+ year-old
adults. Known kid mortality ranged from 40% to 20% for the same time
period. Population estimates indicated a stable to slightly increasing
population. Findings suqgest highly fluctuating reéproductive rates and
annual kid mortality, mandating conservative harvest strategfes.

A small population of Rocky Mountain Goats (Oreamnos americanus)
exists within the Black Hills of South Dakota. However, they are not
indigenous to the state. In 1924, Custer State Park obtained 6 animals
from Alberta, Canada. The first night, 2 escaped a holding enclosure, and
by 1929, all remaining goats had escaped (Richardson 1971). By the late
1940's an estimated population of 300-400 goats 9{nhabited granfte
outcroppings around Harney Peak (Hanson 1949), an area approximately 12 km
(10 mi) northwest of Custer State Park.

Population numbers remained stable from the 1940's through early
1970's (Cruse 1959, Richardson 1971). Occupied range was 13,000 ha
{32,000 ac) with a primary range of 800 ha (2,000 ac). Richardson (1871)
reported kid/adult ratios ranging from 237100 in 1950 to 39/100 in 1967.
He felt annual mortality was low for all age classes.

Richardson and Blankenship (1967) reported overutilization of
available forage on primary goat range within the Black Hi11s by late
1960"s. Overutilization of available forage by mountain goats fs
difficult to assess since no preference is shown for a particular plant
spacies; one must consider all plants within their habitat (Chadwick
1983). However, lack of Togaing or thinning since 1956 (Theron Schenck,
Forest Biologist, United States Forest Service, Custer, pers. comm.)
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and/or natural fire have allowed pine encroachment into areas that would
normally provide mountain goats with nesded forage. At present canopy
closure within the area averages 70% (Edward Johnson, Silviculturist,
Unitad States Forest Service, Custer, pers. comm.) and is expected to
increase in future years, therefore, decreasing present available forage.

Human-mountain goat interactions have increased substantially since
periods of stable population numbers. In December, 1980, the area
surrounding Harney Peak was designated the Black Elk Wilderness Area which
included most of the primary range of mountain goats. Currently, there
are approximately 18 km (11 mi) of trafls within the wilderness area, and
an additional 41 km (25 mi) of trafils in surrounding MNorbeck Wildlife
Preserve.

Hunting seasons with limited permits were fnftfated in 1967. No
licenses were issued in 1972, 1974, 1975, 1962, 1983 and 1984. Hunter
success averaged over 90% with a harvest of 134 billfes and 102 nannies.
Most of the harvest ococurred on historic primary range. However, harvest
from 1976 through 1981 indfcated more pressure on secondary range (Fig.
1. This may have been due to population declines on primary range. In
addition, from 1960 through 1968, 43 animals were removed from the
population for transplanting to other states.

Prior to 1980, management surveys were limited to yearly population
count from horseback. Ouring 1980 and 1981, hunter fnput indicated a
substantial decline fn goat numbers may have occurred. Organized surveys
fn 1981 and 1982 using simultaneous ground and air observations confirmed
the decline.

Severity and time of decline are unknown due to the absence of base-
1ine data. The last comprehensive population study was conducted by
Richardson (1971). Speculation on causes of the declfine were numerous:
increased natural mortality, overutilizatfon of available habitat, human-
mountain goat interactions, and/or overharvest of populationm.

Richardson (1971) reported low annual mertality during periods of a
stable mountain goat population. However, several authors have indicated
that winter mortality may affect overall population levels. Majority of
annual mortality for all age groups occurs during winter months [Casebier
et al. 1950). WNMichols (1980) reported 42% kid mortality and 27% yearling
mortality during winter in Alaska. Anderson (1940) reported a 20-80% kid
mortality depending on winter conditfons in Washington state, In
Colordao, Adam and Bafley (1982) felt that reproductive success of
mountain goats was negatively correlated with depths of spring snow.
Highly fluctuating reproductive and mortality rates have been reported for
mountain goats 1n coastal "ecotypes™ in both Alaska and Canada (Smith
1984, Hebert and Smith 1986).

Joslin (1980, 1982) falt that uncontrolled and intensive activities
in mountain goat range had detrimental affects in Montana. She
recommended elimination of human interfeérénce in mountain goat winter,
nursery and breeding areas. However, Bergman (1984) indicated human and
mountain goat interactions had no observable effects on mountain goat
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populations. Yet, apparent deéecline in Black Hills mountain goats
coincided with increased human activity in the primary range.

Coinciding with fin¢reased human activity, removal for transplant
programs coupled with huntér harvest in primary range from 1967 through
19378 may indicate that overharvest occurred. This in turn could have
caused subsequent overharvest during the 1980's even though 1fcense
numbérs were reéduced. Wuck (1977) reported overharvesting may have caused
declines in mountain ooat populations of Idaho and hunting should be
considered an added mortality factor with no compensating increases in
raproduction or fn forage wtilization. Both Kuck (1977) and Chadwick
(1983) felt mountain goats were se]f-réequlating and that standard
reasoning for harvesting animals did not hold true. Adams and Bailey
(1982) determined that a population could be harvested if harvest Tavel
was below 7.5% of the population. Mountain goat females learn home range
from their mother ([Chadwick 1983). If & nannie fis harvested in a
particular area, then the process of passing that home range on to future
female offspring is eliminated. Furthermore, Nichols ([Lyman Nichols,
Wildlife Biologist, Alaska Dept. Fish and Game pers. ¢comm.) believed that
if a nannie was harvested in fall, her kid may not survive the winter,
However, Swenson (1986) felt that reproduction of a Montana population was
density dependant and that an fincrease in harvest may fincrease kid
production.

Whatever the cause(s) of decline in mountain goat numbers in the
Black Hills, proper management dictated that baseline data be collected.
Population dynamics were virtual unknowns. Mortality estimates,
reproductive rates, and habitat use neaeded to be detérmined before proper
management of the species could be accomplished. The objectives of this
study were to determine population numbers, dynamics and habitat use of
Rocky Mountain goats in the Black Hills, South Dakota.

STUDY AREA

The study area encompassed the Black Elk Wilderness and immediate
surrounding areas consisting of approximately 13,000 ha (32,000 ac) within
the Black Hills Mational Forest (Fig. 2). Elevations within the araa
range from 1,515 m (5,000 ft) to 2,195 m (7,242 ft).

The Black Elk Wilderness is characterized by numerous granite out-
croppings rising from Ponderosa pine (Pinus nderosa) forests with
occasional open ridges and meadows. Geomorphic Teatures of the granite
outcroppings are comprised of a variety of caves, crevasses, and horizon-
tal shelves. Vegetation types found on the granite outcroppings are
primarily Pondercsa pine assocfations: 1) Ponderosa-bearberry (A. uva-
ursi), 2) Ponderosa-grass, forbs, and 3) Ponderosa-browse, grass.

METHODS

Forty-eight mountain goats were captured and released during 1983
and 1984, Nineteen adult females, 9 adult males, 4 yearling females, 7
yearling males, 2 female kids, and 7 male kids were marked with 1ivestock
ear tags and/or fitted with radio-collars. Capture was accomplished with
clover traps baited with salt or with the use of a hand held net gun from
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Figure 2. Mountain goat study area, Black Hi11§, South Dakota.

the ground. Animals were captured at five different locations covering
the entire mountain goat habitat.

Dafly/seasonal movement and home range were determined from 1,052
radio locations and 658 observation of marked animais. Preferred habitat
was determined using 1,128 observations of marked and unmarked animals.
Population dynamics were calculated using 658 observation of marked moun-
tain goats. Population estimates employing mark-recapture methodology
(Standard Linceln index) were calculated using 1,598 observations. Study
was conducted from January 1983, through MNovember, 1986. Data collection
was conducted on the ground and occurred year-round averaging three days
per week.
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RESULTS
Home Range

Marked differences in home range size between adult billes and
nannfe groups or single nannies was documented. The largest adult billie
home range was approximately 29 kmé (11 mil) whereas single nmannies or
nannie/kid groups averaged 5 km? (2 mi2). Adult billie home range
expanded during successive years. [In contrast, nannies and nannfe/fkid
groups did not increase home range during study duration and demonstrated
a fidelity to their home range. Seven nannie group areas were fdentified
and mapped within the mountain goat range. Each area was used by a
combination of all nannie/nannie groups established within that area, and
was usually separated from another by an expanse of ponderosa forest with
a lack of major granfte outcroppings. Entire home range was utilized by
both sexes throughout the year with no discernible seasonal movement
expect for brief perfods during weather extremes.

During kidding season (May-June), movement for parturient nannies
ceased. Activity was closely associated with kidding areas which were
large granite outcroppings. Sufficient soil formation had occurred on the
outcroppings for some Fforage production on Flat areas and crevasses.
Forage present included trees, shrubs, grasses, forbs, and 1ichens. There
were also shallow depressions on granfte surfaces near or on the summit
that captured and held water. Most outcroppings provided south-facing
aspects for loafing inm early morning hours and shade on north faces or
crevices during heat of day. These outcroppings provided kidding nannies
with all 1ife requirements (Rice and Banzon 1985).

Kidding sites were mapped for radio-collared nannies im 1985 and
1986. During 1985, 6 radio-collared nannies gave birth. Three of these
gave birth the following year in 1986. 0OFf these, only one returned to the
same granite outcropping used in 1985. Sample size was small, however,
this may findicate that mountain goats do not have traditiomal kidding
sites that are used in consecutive years,

Habitat Use

Habitat use by mountain goats was primarily associated with the many
granite outcroppings within home range. Seasonal preference for out-
cropping use wvary with 99% use during winter, 90% during spring, 78%
during susmer and 74% during fall (Fig. 3).

Use of granite outcroppings during winter (99%) and spring (90%),
clearly demonstrated the dependance of mountain goats on the various
ecatypes within the outcroppings. Fonderasa=bearberry ecotype was the
most utilized for forage during winter (43%). However, during other
seasons Ponderosa-grass and forbs was the most consistently preferred
ecotype for foraging: 24% in spring; 23% in summer; and 34% in Fall. Due
to limited amount of forage on the outcroppings, and probably over-
utilization during winter and spring, mountain goats increased use of
other habitat types for foraging in summer and fall. During fall mountain
goats spent the largest percent of time foraging 1n habitats othér than
outcroppings {26%). It was assumed that it 15 during the fall season that
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WINTER SPRING

RIDGE (1.0%) * OTHER (10.0%)
GRANITE (99.0%) GRANITE (90.0%)
SUMMER FALL
CLEARCUT (B.0%) CLEARCUT (8.0%)
SLOPE (8.0%) RIPARIAN (2.0%)
RIPARIAN
{2.0%) SLOPE
RIDGE {3.0%) (14.0%%:)
PONDEROSA
{3.0%) RIDGE
(2.0%)
GRANITE (78.0%) GRANITE (74.0%)

* slope (1%), clearcut (2%), penderaosa (2%), Riparian (2%), ridge (3%)

Figure 3. Mountain goat habitatl, use by season, 1983-1986
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mountain goats must sStore enough body fat to survive the rigors of winter
months on the granite cutcroppings.

Off-granite feeding patterns were stil] associated with outcroppings
but distance traveled varied with season. During spring, goats foraged
within 50 meters of & granite outcropping 6%% of the time and within &50-
100 meters the remaining 31%. Summer feeding observations varied from 65%
within 50 meters; 28% from 50-100 meters; and 7% greater than 100 meters.
Fall feeding patterns had the largest disassociation with granite out-
croppings during intense feeding periods with 49% within 50 meters; 32%
from 50-100 meters; and 19% greater than 100 meters. Summer and fall
habitat use observations clearly showed the need for forage within close
proximity of granite outcroppings. Foraging was primarily spent in open
slopes, meadows, or clearcuts (Fig. 13).

Slope preference.--Habitat use on granite outcroppings also showed
segsonal slope exposure preference (Fig. 4). Morth facing slopes were
used during spring (6%), summer (%%), and fall (3%) for thermal cover and
foraqing; no useé was observed during winter, probably due to temperature
and snow depth. Combined summit and south facing slope use during winter
(67%), spring (60%), and fall (GBI) was for snow-free foraging areas and
loafing. Lower summer use (39%) was probably due to avoidance of intense
mid day heat. Largest percent of time spent on granite during summer was
west aspect (34%). Percent of time goats spent on top of exposed granite
averaged 32% throughout the yeéar.

Population Dynamics

Reproduction.--Reproductive history was documented for 23 marked
female mountatn goats in 1985 and 1986 (Table 1), It must be noted that
observations were conducted during éntire summer feason and a nannie could
have produced a kid that died prior to obseérvation. Therefore, reported
reproductive rates are minimal and based on a small sample size.

Age s=pecific natality for 1985 and 1986 resulted fn & sharp
difference between age of first parturition for Black Hills nannies. The
inftial year's data indicated that first parturition was 4 years of age
(Rice and Benzon 1985, Benzon and Rice 1986). During 1985, 2 of 3 marked
d-year-old nannies were documented to give birth (Table 1). Richardsen
(1971) documented frequent reproduction by 2-year-old nannias of the same
population in the Jlate 1960's. Chadwick (19831} reported that goats
introduced into areas of unutilized forage had first parturition at 2
years but stabilfization of populations resulted in reproduction at 3
years. Smith (1984) found 38% reproduction for 2-year-old nannies, B5a%
for 3-year-olds, 60% for 4-year-olds, and 100% for S-or-mors-year-old
nannies in a mountain goat population inm “coastal ecotype". Joslin (1980)
felt stable populations exhibited first parturition at 3 years of age.
Nichols (1982) reported first parturition at 4 years of age for a
population without minor fluctuations. Combined age specific natality for
marked Black Hills nannies during 1985 and 1986 representing 41 female
goat-years' productivity, resulted in 0% reproduction for 2-year-anlds, 253
for J-year-olds, 78T for 4-year-olds, and 68% for S-or-more-year old
nannies (Table 2).
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Figure 4. Mountain goat slope preference on granite outcropping by ssason, 1983-1085
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Table 1. Reproductive history of mountain goats in the Black Hills.

1985 1986

Area Number Age Kid Obsérved Age KEid Obsérved
Rushmore Br#1 b yes 7 yes

Br#4 4 yes ] yes

BK#6 3 no ] yat

BE#7 6 yes 7 yes

BK#8 & yes 7 na

B &9 3 no 4 ne
Bear Bulch R#] 9 yes 10 yes

R#2 2 no 3 ng

R#d 2 no 3 yés

Ré&5 [ yes 7 yes

Réb 4 yes 5 no
Cathedral Spires Bél 4 no 5 no

B#2 Fd no 3 yes

B#t B na 7 yBs
Keedles Gfd [ unknown 7 no

L6 L yes 5 yos

G#8 k] no 4 yes

G#9 9 yBs Dead

G#13 3 no 4 yes

G#15 1 unknown 2 no

G#18 4 yes 5 unknown

G#20 k) no 4 unknown

G#21 8 unknown 9 no

177



Table 2. Age specific natality for marked female mountain goats, 1985-

1986.

Age T Natality? Sample
tize

1985
1 LRk nown 1
Z i 3
3 D 5
4 BD £
g+ 86 7
1986
1 0 1]
2 0 1
3 &7 3
] 75 i
g+b 54 12
ComBined 1985 and 1986

1 Unknown 1
) 0 4
3 25 B
3 78 9
g+l 68 19

4 Based on observations during summer months
P Dldest female giving birth was 10 years of age

Documented kid production for both marked and unmarked goats the
gver entire range remained stable during 1983, 1984 and 1985, however, an
increase of approximately 30% was recorded for 1986 (Fig. 5). This
increase may be due to an increased number of pannfes maturing to
reproductive age, plus documented parturition of 3-year-olds.

samples from trapped goats during 1983 showed 22% of population was
kids. Winter census counts indicated 2031 of the population was kids. In
1984, 14% of all animals trapped were kids while census counts determined
20% was kids. Census counts for 1985 recorded 2B% kids. and 24%1 in 1985.
Disparity between documented kid production and results of census counts
was attributed to low observability of mountain goats due to high canopy
closure within mountain goat range.

Mortality rates.--Mortality rates were estimated using 3 different
samples: 1) age at capture, 2) observations of marked animals, and 3)
census counts. Time specific 1ife tables calculated for combined sex,
yearling + age classes for 1983 was 24% annual 0Qx; 1984 captures resulted
in a 33% yearling + annual mortality. Combined age structures For both
years resulted in a 28% annual yearling + mortality. This was based on
capture results, which may not reflect true population age structures
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Fiqure 5. Documented mountain goat kid production, 1983-1986

(Rice and Benzon 1985). It must be emphasized that time specific life
table methodology assumes an age stable, stationary population. It was
suspected that mountain goat numbers were slightly increasing, therefore,
mortality rates would be overestimated using this methodology.

fbservations of the 26 mountain goats marked in 1983 indicated a 23%
mortality rate over a 3 year period (average of 8% per year). Mountain
goats marked fn 1984 had a 40% mortality rate over a 2 year period for 20%
average annual mortality. The 2 groups combined had 14% annual mortality.
These estimates are based on several assumption: 1) an animal not
observed during the period of January to October, 1986, was dead, 2] all
age classes and seéxes of mountain goats are equally observable, and 3)
mortality rates were equal between years; therefore, estimates would be
maximum mortality. During the study peried, January, 1983 through
November, 1986, one marked nannie was found dead. An additional 2 marked
nannies were found dead after study was concluded.

Kid mortality was estimated using 2 methods: 1) ground census
counts, and 2) radio telemetry of kid-bearing nannies. Census counts of
kid/adult ratios during November through May were compared to yearling/
adult ratios from June through October for 1984 and 1985 kid populations.
Data indicated a 66% annual kid mortality for 1984 and 10% for 1985,
Radio-telemetry results showed 40% kid mortality during 1984, 33T during
1985, and 20% during 1986 (Fig. 6). Xid mortality for kid-bearing radic-
¢ollared nannfes occurred during mid-summer and early fall and kid/adult
cénsus counts were conducted during winter and spring. Again the high
deqree of variability between census and telemetry methodology may be due
to 1imited observability due to canopy cover.
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Population Estimates

Estimates placed the mountain goat pre-kidding population at 80
animals in 1983 and 110 in 1984. These estimates were calculated from
observations of separate groups of unmarked animals and were subject to a
high degree of variability.

Subséquent population estimates were determined by using mark-
recapturé methodology (i.e,, observation of & marked and/or unmarked
animal ).

Calculations resulted in an estimated pre-kidding population of 115
(SE=+20) in both 1985 and 1986. After the 1986 kidding season, population
estimates were 150 [SE=+22) animals, Estimated kid mortality of 20%, and
r:i;;;n?F; lq;fulitj of 14%, placed pre-kidding 1987 population estimates
a 3. 7).

CONCLUSION AND MAMAGEMENT RECOMMENDATIONS
Movement and Preferred Habitat Use

Marked differances in homé rangé size batween adult billies and
nannie/nannie qroups were documented. While billies increased their home
range during successive years, nannie/mannie groups demonstrated fidelity
to a specific area, Management of the herd should Focus on the 7 nannie/
nannie group areas fdentified. Habitat improvement fn any 1 of the 7
areas would definitely increase forage production for that specific group
of nannies, however, this would not impact the entire herd a5 a whole.
Habftat use results clearly demonstrated a need for habitat improvement
gither by clear-cutting or fire, however, improvements should be made
within each nannie group area to benefit the entire herd.

Observation of marked animals showed nannie kids establish home
ranges within the same nannie group area as their parents. Therefore,
density of mountain goats for each nannie group area was different and
could fluctuate according to habitat improvement, reproductive success,
and natural or hunting mortality. Nannie harvest should be evaluated for
specific areas of ki11, and harvest recommendations should reflect the
loss of reproductive nannies efther by lowering permits {1ssued, or
recommending that hunters avoid that specific area.

Human activity within a specific nannie group area could also impact
that specific group. ODuring kidding season (May - Jume), nannies salect
large granite outcropping and generally remain there for 2-to-3 weeks
after giving birth. This is a critical perfod for newborn kids, and human
activity could cause nannies to leave the eutcropping increasing the like-
lihood of kid mortality. Since nannfes did not demonstrate traditional
kidding site behavior, then any granite outcropping should be considered a
possible kidding site and recreational use plans should aveid major out-
croppings.

Fopulation Dynamics

Increase in estimated population numbers of 80 in 1983 to 125 by
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1987 may reflect both documented decrease 1n kid mortality and increase in
kid production during 1986. Adult mortality appeared to be stable [143)
aver the study duration suggesting kid production and survivoership as the
crucial factor determining population trend. Determining annual kid
mortality would prove too costly For management purposes, leaving kid
production as the most reliable mathod of determining herd status.

Stable kid production during 1983, 1984, and 1985 with an fincrease
of 30% during 1986, combined with a lower age at First parturition during
1986 suggests a possible fluctvating reproductive rate for Black Hills
mountain goats, at least for certain years. As with mountain goats in
“coastal ecotypes”, reproductive rates could decrease and/or kid mortal ity
could increase causing a decline in population numbérs in a specific group
or as a whole. Management practices should consider that kid production
may fluctuate effecting overall population numbers.

Future Management

Data for the period of decline in Black Hi11s mountain goat numbers
was too limited to accurately assess the factor or factors that caused the
decline. The three factors of possible overharvest, increased recrea-
tional activities, and loss of habitat could have all singuiarly caused
mountain goat numbers to decline. Howaver, a combination of all three
would assuredly have a negative impact on mountain goats and are the
suspected cause of the decline in mountain goat numbers. Future
management should emphasize habitat improvement, input into recreational
use plans, and conservative harvest strateqy. Additional research should
be directed toward mountain goat/human intezractions and passible effects.
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Abstract: The precipitous decline of Rocky Moumtain bighorn sheep (Ovis
canadensis canadensis) in North America, beginning in the late 1800's and
cuntinufn¥ on into the mid-1900"'s, included the devastation of populations
in Utah, leaving fewer than 100 at the lowest point. The Utah Division of
Wild1ife Resources began to reintroduce bighorn to former ranges in 1966.
After 2 reintroduction attempts had failed, intensive research was
initiated to help bioclogists more effectively manage future transplants.
This report describes all phases of research related to the transplant of
bighorn sheep on Bear Mountain.

Beginning in the late 1800's and continuing until the first decades
of the century, numbers of Rocky Mountain bighorn sheep declined rapidly
in the United States (Thorne et al. 1984). 1In the state of Utah, all but
1 native herd, numbering fewer than 100, had been extirpated by the 1950's
(John 1978). Johm (1975) speculated that the ? major causes for the
decline were intensive grazing by domestic Tivestock with associated
habitat deterioration, and over-hunting. Recent reports ([Goodson 1982)
suggest that diseases contracted from domestic sheep may have played a
major role in precipitating bighorn die-offs as well.

In responge to the npear extirpation of all Rocky Mountain bighorn
sheep populations in the state, the Utah Divisfon of Wildlife Resources
(UDWR) inftiated its First bighorn sheep transplant in 1966 near Brigham
City. (For a history, status and distribution of bighorn in Utah see
Smith et al. 1988). These bighorn sheep, as well as those involved in the
second transplant attempt were confined in an enclosed paddock before
release into the surrounding area. Within 9 years the First transplant
attempt had completely failed (J. Pederson, biologist, UDMR, pers. comm.).
Within & years a second release, known as the Mount Nebo transplant, had
failed as well (P. Tervort, biologist, UDWR, pers. comm.).

The UDWR laid plans in the late 1970's and early 1980's for a third
attempt at reintroduction. Subsequent investigations fndicated that the
rugged Green River Corridor of northeastern Utah not only historically
supported Rocky Mountain bighorn sheep but should again, if a release was
made. Bear Mountain of the Flaming Gorge Mational Recreation Area was
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selected as the release site, because the area was remote, rugged, and
isolated from domestic sheep al lotments.

In January 1983, 19 sheep from Whiskey Mountain, Wyoming were
released onto Bear Mountain. A second release of 17 sheep, also obtained
from Whiskey Mountain, occurred in January 1984. Differing from the
state's first 2 transplant efforts, the Bear Mountain sheep were released
dir?ct'l:r onto the mountain with no attempts to hold them for a time in an
enclosure.

By the spring of 1985, when it became evident that the Mount MNebo
transplant was failing, UDWR personnel concluded that intensive bfghorn
research would be {fnvaluable in helping secure the success of future
transplants. With a4 new and promising herd recently established on Bear
Mountain, UDWR initiated the Bear Mountain research project.

THE BEAR MOUNTAIN BIGHORN STUDY

In the spring of 1986, & cooperative study involving the Utah
Divigion of Wildl1fe Resources, Brigham Young University (BYU), the U. 5.
Forest Service (USFS), and the U, 5. Bureau of Land Management (BLM) began
and continues to date. Major emphasis was placed on population dynamics,
disease-parasitism, inter-specific competition, and habitat selection.
The Pl"lll-l‘_'r résearch objectives include the fol ‘tuh‘fng:

1. Estimation of population dynamics (natality, mortality, survivership,
and recrultment of the introduced herd of bighorns.

2. Determining and monitoring levels of internal parasites, as well as
ather disease factors.

3. Obtaining measurements of forage preferénces, level of use, and
seazonal diets.

4. Estimation and quantification of critical habitat parameters,

5. Monitoring bighorn movements, thereby deteérmining home ranges and
dispersion.

6. Identifying potential competitors such as mule deer [Odocoelius
hemionus), elk (Cervus elaphus) and pronghorn antelope (Antelocapra
americana) as welT as monTtoring predator populations and {mpacts.

7. Determining the nutritfonal quality of the occupied rangelands, as
inferred by suckiing and play behavior of lambs.

8. Evaluation of past prescriptive habitat improvements as well as
identifying, implementing, and evaluating adﬁitinnal improvements.

STUDY AREA
Bear Mountain, within the Flaming Gorge Natiomal Recreatfon Area, 1z

4 high plateau (2200 m) bounded by precipitous ciiffs, plunging 420 m to
the Flaming Gorge reservoir below. The rim of the plateau 1s
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characterized by & ponderosa pine-mountain brush complex, while the
interior 15 an opeén sage-grass community. The steeper slopes and cliffs
support varying densities of pinyon-juniper cover. Several wild and
prescribed burns have reverted dense pinyon-juiper areas to highly
productive forb-grass meadows. Water is limited on top to ponding of snow
melt in spring and several man- made guzzlers. A few small seeps and
springs in the cliffs provide water in critical lambing areas.

Observations of bighorn sheep, petroglyphs and skeletal remains
indicated that the area historically supported bighorn sheep which
disappeared around the turn of the century. Pronghorn antelope, mule
dear, elk, mountafn lion (Felis concolor), bobcat (Felis rufus), and
numerous smaller mammals also inhabit the mountain.

METHODS

In order to achieve the research objectives the following methods
were utilfzed,

1. Population dynamics are monitored through frequent observations of the
herd. Twenty=three radio-collared individuals, or 33% of all animals
(70), allows accurate location of the herd, A1l radios have a
mortality mode, facilitating the swift recover of dead sheep. Also,
10 of the 1987 lamb crop were radio=Collared to allow close
observation of this high-risk age class.

2. Internal parasites and diseases are obsarved by 3 approaches. First,
levels of parasitic lungworm (Protostrongylus spp.) présent 1n the
herd are monitored using the standard Daermann technique. Samples are
collected only from known, marked animals (24). Fecal amalysis fs
performed by the Veterinary Research Laboratory at Montana 5State
University. Concurrently, 3 anthelminthic drug applications [Panacur,
Ivomec, and Iimecterin) have been given to 9 test animals (3 of each
trafl). Fecal amalyses reflect the relative efficacy and longevity of
these drugs in repressing lungworm levels.

Second, blood physiologic values are commonly used as diagnostic
tools for identifying diseases and measuring stress (Bunch et al.
1980). The UDMR, in conjunction with the Bighorn Research Institute
of Palm Desert, California, and with assistance from BYU students and
personnel, captured, via drop-net, a total of 15 sheep of the Bear
Mountain herd in January 1988. Blood was drawn, nasal and throat
swabs taken, and fecal samples collected. Procedures are described by
Bagley and Buch (19B80]).

Third, mortality sensor transmitters on 23 animals allow quick
detection of deaths, thus aiding cause-of-death determination.
Recovered mortalities are either field-examined or taken to a
veterinarian for necropsy.

3. Foraq préferences are being identified by direct observation, feeding
site analysis, and by fecal analysis. Direct observation of foraging
bighern and a subsequent, detailed on-site analysis allows
determination of plant species utilized and their degree of use.
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Percent cover of each species present 15 estimated. Meter square
plots are positioned on a grid, and 211 specfes clipped and wefghed
for a measure of above ground biomass. Fecal pellets are collectad
from known individuals representing all age/sex classes. These will
be subjected to a microhistologqical technique for determination of
percent composition of the various species present in the diet.

Transmitter-equipped bighorn locations are quantified as to critical
habitat parameétérs. AT each site: distances to ¢11ffs, To cover, to
habitat edge, to watér and mineral 1icks are recorded. Additionally,
horizontal visual obstruction f5 measured using a metér square,
qridded target. Preferred habitat 15, thus, described quantita-
tively.

Bighorn movements and home ranges are determined by radio-telemetry.
several times weekly, sheep are found and lTocations recordad on
reduced 7.5 minute topographic maps. The computér program TELEM
{Coleman and Jonés 1986) 15 emplaoyed to generate information on home
range size, distance moved per unit time, and activity centers for
specific animals.

Assessment of potential habitat competitors 1s ongoing. During the
year, numbers and distribution of deer, @lk, and pronghorn antelope
are recorded. FPredator populations have been censused during winter
via track counts and visual observations. All predator feces are
collected and analyzed for bighorn remains.

Shackleton (1973) reported that nursing and play behavior in bighorn
lambs guantitatively reflected the nutritional quality of the occupied
rangelands. From May 25th through the end of July, observation of
nursing behavior 1s conducted. Using a spotting scope and stopwatch,
lambs and mothers are observed with particular attention paid to:
fnitiator and terminator of nursing bouts, length of bout, number of
bunts, and lamb play behavior.

The UDWR and USFS have {mplemented several habitat improvements
including, guzzier construction, spring and seep developments, and
prescribed burns to expand bighorn ranges. [Documentatfon of water
devel opments has been done opportunistically and by motion-sensitive
cameras. Bighorn range expansion into burns is documented by means of
telemetry-tracking and subseguent observation.

RESULTS

Te date, comprehensive data analyses have not been conducted. They

aré to commence fn fall of 1988. A brief summary follows of some
preliminary results of research conducted to date.

1.

Constant monitoring of the population over the past 2?2 years has
indicated the following: reproduction is high (83% of all mature ewes
bore young in 1986, 77% in 1987), survival of lambs to yearling age 13
moderate (50% in both years), and mortality for adults is Tow [less
than 5% both years] due to the population being relatively young. The
dense pinyon-juniper forests surrounding Bear Mountain not only block
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emigration from the next nearest herd (48 km), but immigration as
well.

A year of monitoring Tungworms indicated that all animals [excepting
newborns) have tested positive for lungworm, even though the entire
herd was treated with anthelminthic drugs (ivermectin) before being
released. Lungworm levels vange from a high of 656 to a low of 0.4
larvae per gram of dry feces. Of the 3 anthelminthic drugs tested,
none had long lasting effects, with most sheep showing reinfectfion
within 2 months of treatment. Research has also revealed that
Tungworm larval output appears cyclic (high-low-high), with the cycle
repeating approximately every 2.5 months. A1l pregnant ewes exhibited
a peak in output just prior to parturition. Blood profiles are
pending.

Dietary data are forthcoming and unavailable for comment. However,
lambing habitat appears to be an area of concern. In the steep
lambing areas, highly preferred forages show signs of
over-utilization. If trends continue, preferred vegetation will be
eliminated from these ranges. Permanent transects are being instal led
to detect trends in range quality.

Bear Mountain bighorn rarely range more than 250 meters from escape
cover, nor do they enter areas where visibility 1s limited. During
lambing, ewes choose areas with slopes exceeding 70%, whereas rams
choose relatively level areas year-round.

Thousands of observations of bighorn sheep locations will provide
accurate home range, herd expansion, and individual movement
information. However, these data are yet to be analyzed and
unavailable for comment.

Deer, elk and pronghorn antelope are seasonal occupants of Bear
Mountain and do not compete with bighorns for forage and functional
cover. Coyotés are occasfonally found in the area but are not
considered to have negative effects on this herd. Mountain 1lons may
be & problem, but more research s needed to clarify their
relatfonship with this herd.

Mursing and play behavior were closely monftored in summer of 1987.
Over 300 nursing bouts n 200 hr of observation were recorded.
Although precise data amalysis is forthcoming, it was apparent that
the age of a lamb has a great influence on nursing frequency. For
example, on June 11th a 2-day old lamb was observed continuously for
11 hours. It nursed 38 times. Five days Tater [June 17th), this lamb
nursed only 14 times, or 633 less, during a comparable time period. A
sharp reduction in nursing frequency was also noted in other lambs,
particularly newborns. Therefore it appears that in very young lambs
suckling frequency is affected by age to a high degree. Other studies
(Shackleton 1973) have shown differences 1n suckling lamb behavior
patterns between “high" and "low" quality ranges. Lamb ages were
either unknown or at least unreported. Therefors, inferences between
“high" and "Jow" quality range comparisons based on Tamb suckling
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behavior may be biased or influenced by Tamb age differences between
tites or observations.

B. Evaluation of bighorn response to guzzlers suggests that bighorn avoid
watering from them. This has also been reported by R. L. Schmidt
{biologist, Colorado Division of Wildlife, pers. comm.). Development
of catchments at springs have received immediate use by bighorns. In
autumn 1985, 200 ha of dense pinyon-juniper, adjacent to bighorn
ranges, were burned by the USFS heli-torch and reseeded for bighorn.
The Following year theep moved into the area and Fed heavily on the
Tush growth of grasses and forbs. In 1986, reseeded vegetation
covered 23% of the bare 011, [In 1987, reseeded vegetation provided
nearly 50% ground Sover. A problém was encdunteréd, howsver, as the
fire activated mustard seeds (Descurainia pinnata and Sisymbrium
altissimum) dormant in the s0i). “Theése mustards grew into dense, ¢ m
high thickets which blanketed the entire burn, thereby reducing
hori zontal visfon considerably (100% obstruction of vision at 7 m in
all divections). Consequently, no bighorn sheep use was documented of
this area 1n 1987. It 15 anticipated that this mustard will not
persist and bighorns will move back into the area. Research data will
bé analyzed using the PATREC (Williams &t al. 1977) habitat evaluation
procedurs . The PATREC model wtilizes statistical fdnference for
defining habitat evaluations, organizing existing knowledge about
wildiife habitats and species' requivements in a gquantifiable manner,
and are flexible enough to use with a wide range of species. PATREC
models are already developed for many species, including bighorn sheep
(Holl 1982). The goal of PATREC model is to eévaluate transplant sites
for future releases within the state. It will also provide managers
with another tool for fimproving habftat within existing bighorn
population ranges.

DISCUSSION

Geist (1978) theorized that to maximize efficiency in bigharn
management, knowledge of local populations 15 needed. Olsan (1986)
reiterated the need for better monftoring of releases to determine
movements and permanent herd establishment. Though in a broad sense,
bighorn behavior and habitat requirements are becoming more clearly
understopd, regional environmental differences may present unique
situations which demand varying responses from bighorn and game managers
alike. The Bear Mountain research project s providing :pe:?:ic
information for UDWR and USFS biologists that they may more effectively
manage this, and other, bighorn herds in Utah.
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HOW MUCH DIFFERENCE DO DIFFERENT TECHWIQUES MAKE IN ASSESSING BIGHORN
POPULATION TRENDS?

LYNN R. IRBY, Biology Departmeént, Montana State University, Bozeman, MT
59717.

JON E. SHEHS'UH;J' Montana Department of Fish, Wildlife, and Parks, 1001
Ridgway Dr., Livingston, MT 59047.

SHAWN T. STEWART, Montana Department of Fish, Wildiife, and Parks, P.0.
581, Red Lodge, MT 53068.

Abstract: Using data collected during 1981-B7 on the Cinmabar bighorn
sheep wintéer range in southcentral Montana, we compared 5 estimators of
numerical trend and 4 age/sex ratio estimators to detérmine; 1) the
relative consistency of values derived using each estimater, 2) sampling
intensity necessary to achieve consistency, and 3} the degree to which use
of different techniques would have finfluenced our interpretation of
population trend. None of the 5 numerical trend estimators would have
produced satisfactory results from 1 survaey. Two of the 4 ratio
estimators would have performed weéll with a singlée survey if a high
proportion of the herd were classified. ATl pumérical and ratio
aestimators performed reasonably well (90% chamnce of baing within 20% of
yearly values obtained using all the available data) when derived from &
surveys. Correlation coefficients, used as an index of agreement in
rate/direction of change over time, were generally high (r = 0.69-0.99)
for numerical trend estimators, lamb:ewe ratio estimators (¥ = 0.89-0.99),
and ram:ewe ratio estimators (r = 0.87-0.97). Changes in the ratios of
legally harvestable (3/4-curl or greatsr horns) rams to ewes varied (r =
0.55-0.93) among technigues. Most of the techniques would have led us to
the same conclusions regarding the status of the Cinnabar herd. The
analysis process we followed could be beneficial for binlogists working
with other herds, but no one should blindly adopt “off the shelf" sampling
schemes without assessing the suftability of the techniques for the hards
with which they are working.

Mountain sheep {Ovis camadensis) management relies heavily on winter
surveys to assess population status and trends (Trefethen 1975). Sheep
use open terrain, tend to concentrate on traditional winter/rutting
grounds, and may be classified by horn characteristics to  obtain
population age structure (Gefist 1966, 1971). Consequently, more detailed
assessments of sheep populations are possible than for most other
ungulates.

In conversations among ourselves and with other biologfists, we
lpresent address: Dept. Zoology, Univ. Alberta, Edmonton TEG 2E0.
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discovered differences in the way "standard® population parameters were
collected, analyzed, and reported that frequently are not obvious in
methods sections of agency reports or published papers. While many of the
differences are subtle, they could bias comparisons among herds studied by
different biologists.

To determine the magnitudes of these differences, we examined
results obtained from 5 techniques for assessing numerical trends and 4
for assessing ratios of lambs, rams, and legally huntable rams to ewes in
a habituated herd in southcentral Montana. 1In our evaluation, we lTooked
at similarity (Would different techniques produce similar values?), trend
comparability (Were direction and relative magnftude of changes over time
similar among techniques?), and efficiency (Did technigques differ in
precision or in the sampling effort required to obtain a given level of
precision?).

Data were collected from Rocky Mountain bighern sheep (0. c.
canadensis) wintering on the Cinnabar winter range (CWR)} in the upper
Yol Towstone River vi?luy 10 km northwest of Gardiner, Montana. The core
winter range, approximately & km®, was easily accessible via a county
road, and sheep were habituated to humans. Yehicles could often approach
within & m without causing sheep to move away from the road. The herd was
hunted (Irby et al. 1986), and the Montana Department of Fish, Wildlife,
and Parks (MDFWP) has monitored the population for >10 years,

Funding Ffor this study was provided by the Welder Wildlife
Foundation, the Foundation for North American Wild Sheep, the Booné and
Crockett Club, the Mational Rifle Association, and Montana Department of
Fish, Wildlife, and Parks. Field assistance provided by G. Erickson, K.
Eeating, and E. Arnett was greatly appreciated.

METHODS

During 1981-87, 118 gqround surveys of the CWR were completed.
surveys were conducted 1-4 times per month during Dotober - April along &
county road through the winter range. About 50T of the core winter range,
including most sheep concentration areas, was visible from the road.
Because a plot of the number of sheep seen on fndividual surveys against
time indicated that sheep numbers were highest on the survey route during
November - January, we wused only surveys from this perfod in  our
evaluations. Surveys in which <20 sheep were countad were delated from
most analyses as inadequate samples.

Numbers of individuals in recognizable age/sex classes were recorded
during each survey. Rams were classified by horn shape (<1/2-curl, 1/2 -
3/d-curl, >3/4-curl) and, whenever possible, aged by horn annuli counts
(Geist 1966]. Ages were not assigned to ewes. Individually recognizable
animals (cellars or distinctively broken horns) seen during each survey
were noted. Throughout the paper, we refer to annual periods by the year
1;3;?1ch survey sets were initiated (f1.e. 1981 = Movember 1981 - January
1 L ]

Descriptions and acronyms used to fdentify the techniques we
evaluated are given in Table 1. OF the 5 numerical trend techniques, MEAN
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Table 1. Approaches used for
ratios (lambs; rams: and legally

estimating numérical trends and age/séx
harvastable rams:100).

Technique

Definition

POPULATION INDICES

MEANC (Mean Count)

MAX (Maximum count)

MAX/C1
(Maximum count/class 1)

MAK/C2
(Maximum count/class 2)

LING (Chapman - corrected
Lincoln estimator)

CUMR (Cumulative ratio)

MEANR (Mean ratio)

Mean of all counts during Nov.-Jan.

Maximum total count for all sSurveys
during Nov.-Jan.

Maximum count for all recognizable
age/sex classes including male year
classes [horn annulf counts).
Individual 1y recognizable animals not
seen on days of maximum counts for their
class wera added to class total. Animals
known to have died during Nov.-Jan. were
subtracted from total. Includes all
surveys during Nov.-Jan.

Similar to MAN/C1 eéxcept maleés were
classified only by horn shape (<1/2 curl,
1/2-3/4 curl, 3/8+ curl), recognizable
animals were not added to class totals,
and known mortalities were not subtracted
from totals.

Estimates for individual surveys based on
proportion of total d{ndividually
recognizable animals (physical anomalfes
or collars) seen in counts >19 during Mov
- Jan.

a) Estimated number for individual
surveys =

(M marked + 1) (M cbserved + 1)
-1

(Marked animals observed + 1)

b) Estimated number for multiple surveys
= mean of estimates for Jindividual
surveys.

Ratios based on cumulative counts of all
animals sighted (including duplicated
sightings) during Nov - Jan.

Mean ratic derived from ratios calculated

for individual surveys with counts »19
during Nov - Jan.
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(Table 1. cont'd.)

Technigue Definition

RATIO ESTIMATORS

MAX R1 - Ratfos calculated from maximum counts per
(Maximum/class ratio 1] distinguishable age/sex class recorded
during all surveys from Nev - Jan. Males
were classiffed by year classes,
recognizable animals were added to totals
when not seen in maximum counts, and
known mortalities were subtracted from
class totals.

MAXRZ = Similar to MAXR] except males were
(Maximum/class ratio 2) classified by horn shape, marked animals
weré not added to totals, and known

mortalities were not subtracted.

and MAX involved the szmallest finvestment of time and money. These
techniques required counts of sheep on winter range 1 or more times during
wintér but no marking or age/sex classification of animals.

MAX/C1 and MAX/C2 required more than 1 survey per winter and
sufficient effort to classify animals by age and sex, but the presence of
individually recognizable animals was not essential. MAX/Cl approximated
conditions for an accessible, intensively studied population in which some
individually recognizable animals are available and biologists could
approach sheep closely enough to obtain horn annuli counts for rams.
MAX/C2 approximated conditions in an fnaccessible or unhabituated herd in
which classification of rams by horn annuli counts is unfeasible and
individually recognizable animals are not present.

The fifth technique, LINC, required marked animals. Population
estimates were based on the lease complex mark-resight model (no
heterogeneity in resighting probability, no avoifdance of resighting by
marked animals, and no variation in resighting probabilities over time)
presented by Otis et al. (1978:21-24). Estimates from multiple surveys
utilized the bias-corrected hypogeometric estimator (Chapman 1951) and
ﬁ;:';‘;'m““ outlined by Rice and Harder (1977} and Bartmann et al.

During 1980-84, 11 females (1/2 - 4+ yrs) and 7 males (1 1/2 - & 1/¢
yrs) were captured (Keating 1982, Andryk et al. 1983) and fitted with
individually marked radio collars (n = 16) or neckbands (n = 2). Seven
additional dindividuals (5 females and 2 males) with distinctive broken
horns weére {dentified during 1981-86. Numbers of findividually
recognizable animals available as marked samples for individual surveys
werg determined based on total recognizable animals observed through April
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of each year. Radiocollared animals were not located using radio
receivers during surveys.

Population estimates made using LINC were based on 5-15 recognizable
sheep per survey. Estimates were calculated only for surveys during
1982-86 in which »1%9 animals, about 10-20% of the presumed population
size, wore counted and at Teast one marked animal was seen. Because we
used an unrealistically simple model and a biased estimate of marked
animals (Except for radiocollared animals with functioning radios, we
could never be certain that an animal marked in an earlfier year but not
seen in the current year was not in the population), we refer to LINC as a
population index in this paper.

Four technigues were evaluated for estimating age/sex ratios in the
CWR population (Table 1). Lamb:ewe, ram:ewe, and legal ram (males with
3/4 or greater horn curl, regardless of age, that could Tegally be killed
by hunters): ewe ratios were calculated using each technique. CUMR ratios
were based on a simple summation of all animals classified during November
= January. MEANR values represented the means of ratios derived From
individual surveys. MAXR1 and MAXR? values were calculated from maxfmum
counts in each age/sex class from several winter range surveys. Ratios
obtained using MAXR] approximated conditions expected in a habituated herd
in which rams could be aged by horn annuli counts. Ratios obtained using
MAXRZ approximated conditions in an unhabituated herd.

Similarities of values produced by numerical and age/sex ratio
techniques were tested wusing blocked analyses of variance and
Newman-Keuls means tests [Steel and Torrie:110-111, 132-145). An
unbiased estimate of the missing 1981 value for the LINC method was
calculated as suggested fn Steel and Torrie (1960:139).
Similarities 1in trénds among the 5§ population and 4 age/sex
structure techniques were determined using Pearson correlations
(Steel and Torrie 1960:183-187). Statistical analyses were
conducted using the MSUSTAT statfstical package (Lund 1983).

Because the estimates obtained using each technique were based on
the same transect data and were sometimes derived from subtle variations
of the same approach, the requirement for sample independence in analysis
of variance and correlation analysis was violated. We elected to use
these tests despite this violation of assumptions because the tests
provided a conventionally recognizable manneér of displaying differances.

We evaluated efficiency in terms of precision and, for techniques
used to estimate trends in population size, the time costs of aging and
sexing sheep versus merely counting them. Standard deviations,
conventional measures of precision (Otis et al. 1978), were calculated for
the MEANC, LINC, and MEANR technigues, but we were unable to Jocate
suf table methods for calculating standard deviations for techniques
relying on maximum or cumulative values from a series of counts. Bs an
alternative, precision was assessed empirically by determining the number
of surveys necessary to achieve results within a specific range using a
variant of the "species-area curve” method (Oosting 1956). We calculated
the percentage of findividual surveys and of subsets of 3 and 6 randomly
selected surveys that fell within 20% of values derived from all surveys
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within a single year. Surveys in which <20 sheep were counted were
excluded from calculations to avoid variation due to obviously inadequate
sample sizes. Six sets of 3 and 3 sets of six surveys were selected for
each year for 1982-86. Twenty percent was selected as the acceptable
leyel of deviation to avoid excluding values that differed from annual
values by only 1-2 animals (i.e. with a 103 acceptance range, a lamb:100
ewe ratio of 12 would have been outside the "acceptable® range in a year
in which the mean ratio was 10].

The additional field time required for classifying, rather than
simply counting, animals was estimated from 2 segments of the survey
route. One seqgment Crossed the most heavily used portion of the winter
rangé and included three S-min scanning stops and 11 km of driving. The
second segment crossed a portion of the winter range used by fewer sheep
and included four Z-min scanning stops and 4 km of driving. At each stop,
735 binoculars and a 20-60x telescope were used to locate sheep. Counts
(without age/sex classification) could be made in <2 min at stops on both
segments.

RESULTS
Mumerical Trend Indices

The numerical trend techniques produced 3 statistically different (P
< D.05) sets of estimates (Table 2). In order of increasing estimated
numbers, the sets were: 1] MEANC, 2) estimates based on maximum counts
(MAX, MAX/C1, and MAX/C2), and 3) LINC (MY F = 66.25).

Table 2. Summary of the results of 5 techniques for estimating population
trend on the CWR (N = number of surveys). Standard deviations are given
in parentheses.

1981 1982 1983 1984 1985 1986
Tech-
nigque N Est. N Est. N Est. N Est. N Est. N Est.

MEANC2 7 46(25) 16 62(28) 15 64(23) 11 46{17) 12 52(19) 12 54(22)

MAX T 90 16 117 15 93 11 64 12 73 12 a2
MRX/CL 70 9] 16 127 15 101 11 71 11 83 12 93
MAX/C2 7 81 16 117 15 95 11 &8 12 77 12 #8
LINCE 13 150(66) 12 135(35) 9 113(44) 10 96(29) & 117(41)

' Definitions of acronyms are given in Table 1.
B Only yearling males were aged in 5 counts.
Median numbérs of recognizable dndividuals available were:
1982 = 8, 1983 = 10, 1984 = 9, 1985 = 8, 1985 = 8.
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Posiftive Pearson correlations (r = 0.69-0.99) indicated that changes
in values during 1981-86 were generally similar in direction among the §
techniques. Significant correlations (r > 0.86: P < 0.058), indicating
similarities in relative magnitude as well as direction of change, were
identified among MAX, MAX/C1, and MAX/C2 (r = 0.98-0.99) and between LINC
and MAY and MAX/CZ (r = 0.88-0.89). Al1]l technigues indicated a population
decline between 1982 and 1984 and an increase between 1984 and 1986 (Table
2). Estimates of the magnitude of the 1982-84 decline varied from 25-25%
with 2 distinct groupings: 1) MAX, MAX/C1, and MAXC/2 (42-85%), and 2)
MEANC and LINC (25-26%). The 19B84-86 increase followed & similar pattarn
with highast percentage increases abtained with MAX, MAX/C1, and MAX/C2
(28-31%) and smaller increases with MEANC (17%) and LINC (4%).

The proportion of individual surveys falling within 202 of average
annual values for the 5 techniques varied from 0.20 to 0.54 (Table 3).
Three surveys were judged inadequate (<%0% chance of obtaining a value
within 208 of the value calculated from complete sets of 11-16 surveys)
for all technigues. 5ix surveys were apparently adequate for all

technigues.

Table 3. Percentages of winter range surveys, sets of 3 surveys, and sets
of & surveys that were within 2008 of annual wvalues for numerical
estimators. Percentages were calculated from sets drawn from 61 surveys
in which >19 sheep were counted during November-January, 1982-86.

Numerical 1 surve 3 surveys 6 surveys
estimator (N = 61)3 (N = ED{ (N = 15)
MEANCD 54 83 93
MAX 34 73 923
MAX/C1 20 &7 93
MAX/C2 33 B3 93
LINC 48%< 53 100

& N = number of values used to compute percentages.

© Ncronyms are defined in Table 1.

€ Based on 52 of the 61 surveys in which 1 or more marked animals
wWere sSeen.

Age/Sex Ratios

The & methods used to determine lamb:ewe ratios (Table 4) gave
comparable results (AOY F = 0.49, P = 0.70). Over a G-year period, all
techniques produced valdes within 0% of annual estimates in >50% of
individual surveys and Tn >90% of sets of 6 surveys (Table 5).
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Table 4, Lamb:ewe, ram:ewe, and Tegal ram:ewe ratios in the CWR
population during 1981-86 calculated using 4 techniques,

1981 1982 1983 1984 1985 1986

Total surveys T 16 15 11 12 12
(Counts >19) (6) {15) {14) {10} (11} (11}

Total animals
classified 322 972 950 ol 666 633

TECHNIQUES

Lambs:100 ewes

CUMRA 35 34 11 16 40 24
MEANR (50) 37 I6(16)  11(3) 17(5) 39(10) 23(s)
MAXR1 34 1 10 20 4l 33
MAXR2 14 32 10 20 41 13

Rams : 100 ewes

CUMR 49 a7 a7 a6 1 50
MEANR (5D ) 45(16) 47{12) 47(10) 48(15) 33(14) 5S0(8)
MAXR1 60 64 59 58 48 10
HAXRZ 80 56 53 50 34 63

Legal rams:100 ewes

CUMR 23 17 13 21 17 18
MEANR(SD) 22{18) 18(7) 13(5) 22(12) 1815} 18(6)
MAXR] 38 33 24 32 27 30
MAXRZ 36 24 19 22 16 22

A pefinitions for acronyms are given fn Table 1.
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Table 5. Percentages of individual winter range surveys (N = 61), sets of
3 surveys (N = 30}, and sets of & surveys (N = 15) 1n which lamb:ewe,
ram:ewe, and 1egal ram:ewe ratios fell within FU% of annual values using &
techniques. Percentages were calculated from 61 surveys conducted during
Novembeér-January |982-86 and include only surveys in which >19 sheep were
counted.

Lamb : awe Ram:ewe Legal ram:ewe
Number of sSurveys in set

Tachni que
1 3 ] 1 3 B 1 3 6
CUMR# 59 83 100 67 o0 100 39 ar 9
HMEANR 67 80 100 67 80 100 39 7 3
MAXR] 22 83 93 36 67 100 2l 67 100
MAXRZ 3l 80 93 56 83 100 43 97 100

3 pefinitions for acronyms are given in Table 1.

Ram:ewe ratios (Table 4) varied significantly among techniques (ADY
F = 36.75). CUMR and HMEAMR produced the lowest ratios, MAXRZ
Significantly higher ratios, and MAXR1 the highest ratios. More than 50%
of individual surveys fell within 20% of annual values in all technigques
except MAXR1 (Table 5). A1l randomly selected sets of 6 surveys produced
values within 20% of annual values.

Ratios of legal rams to ewes (Table 4) also varied among techniques
(ADY F = 30.22). MAYR]1 produced estimates 32%f higher than those of the
next highest technigque, MAXR2. There was no significant difference
between MEANR and CUMR. The probabilfty of deriving a ratioc within 20% of
annual values on a single survey was low, but »90% of randomly selected
sets of 6 surveys produced values within 20% of annual values for all
techniques (Table 5).

Correlations here high {r > 0.87) among technigues used to derive
lamb:ewe and ram:ewe ratios. Correlations of legal ram:ewe ratios among
techniques were high (r » 0.80) except for MEANR with MAXR1 (r = 0.74) and
MAXRZ (r = 0.55). S

Time Costs of Classifving Sheep
The survey segment that passed through areas of high sheep density
reguired 30 min to complete if no sheep were counted. In 10 replicates of

this segment in which scanning stops were completed in the same order and
times were noted, 4 to 56 sheep were classified (including aging rams by
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horn annuli counts). Mean time for completion of this segment was 66 min
(range = 30-150 min, S0 = 39), a 122% mean increase over the minfmum time
requirement.

The survey segment that passed through areas with low sheep density
required a minfmum of 15 minutes to compliete. In 10 replficates in which
no sheep were counted, the mean time for completion was 19 min (range =
15-25 min, SO = §). In 13 replicates, 1-21 sheep were classified in a
mean time of 30 min (range = 20 - 55 min, 5D = 10). Replicates in which
sheep were classified required an average of S8% more time than replicates
in which no sheep were counted.

DISCUSSION

The 5 techniques for estimating numbers were generally in agreement
on trends in population size for the CWR sheep herd during 1981-86, but
the magnitudes of changes between years varied among technigues.
Techniques based on maximum counts (MAX, MAX/C1, and MAXC/2) indicated
that year-to-year changes in population size were proportionately greater
than did the MEANC and LINC technigues.

None of the 5 numerical trend technigues we evaluated performed well
when based on a single survey., The percentages of surveys that fell
within 20% of annual values were higher for MEANC and LINC than for MAX,
MAX/Cl, and MAX/C2, but these differences were artifacts of methodology
rather than differences in efficiency. VYalues within 20% of annual wvalues
could occur above or below the annual values for MEANC and LINC but only
below for technigues based on maximum counts.

All techniques gave reasonably consistent results when based on 6
surveys. [f we had beén forced by lTogistical or financial constraints to
conduct & single survey, wé would have Covered a larger proportion of the
winter range in hopes of increasing the proportion of the population seen
and scheduled a series of brief preliminary surveys of the CWR to insure
that the intensive survey was conducted when sheep numbers fn accessible
parts of the winter range were high.

Sexing and aging individuals added >50% to survey time in 2 segments
of the survey route. This additional 1investment fn time increased
population estimates over simple maximum counts <20%. Trends For maximum
counts agreed closely with trends from techniques relying on aging and
sexing individuals.

V¥alues derived from the Lincoln Index (LINC) were consistently
higher than maximum or mean counts, as expected. The high variability 1in
values from single surveys (48-223% of those derived from respective
annual multiple survey calculations) Jindicated that relfance on a
mark-resighting model that requires only a single survey to make a
population estimate would be unwise, at least for our sampling conditions
(5-10% marked animals in a population of <200). Based on the formula
given by Overton and Davis (1969:448) and a probability of resighting
marked animals of 0.45 (Irby, unpubl. data), we would have had to mark 80%
of the population to obtain narrow confidence 1imfts (+10% at the 95%
confidence level), =
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Use of the multiple survey approach yialded better results, but
coefficients of varfability (standard deviation / mean x 100, Steel and
Tarrie 1960:20) were greater than the 20% or less considered acceptable by
White et al. (1982:50). More precise estimates may have been produced by
increasing the number of marked animals (25% of the population should have
been marked given the probabilities of resighting, survey numbers, and
population size associated with the CWR (Rice and Harder 1977)) or
utilizing more sophisticated models for amalysis of data (Otis et al.
1978, Bartmann et al. 1987).

The & techniques used for estimating age/sex ratios produced similar
Tamb:ewe ratfos. Trends in lamb:ewse ratios over time were alsoc similar
(decreases between 1981 and 1983 increases between 1983 and 1985:
decreases between 1985 and 1986).

MAXR1 and MAXRZ generally produced higher ram:ewe and lagal ram:awe
ratios tham CUMR and MEANR. These differences were either related to
differences in the proportion of the wintzr sampling period spent in
accessible areas by ram and ewe bands (most individual collared ewes were
sighted on a higher propartion of surveys than individual collared rams)
or were an artifact of having more subclasses for identifying males than
for identifying females. Year to year changes in ram and legal ram:ewe
ratios were not as consistent among approaches as those indicated for
lamb:ewe ratios.

A single survey would 1i1kely be adequate for obtaining lamb:ewe and
ram:ewe ratfos 1f a large proportifon of the population (»50% of the
estimates obtafned using the LINC method for the CWR) could be classified
during the perifod in which all age/sex classes were concentrated in the
same ared. The cumulative results of a serfes of partial counts would
also give adequate results.

Estimates of the minimum number of legal rams surviving hunting
season obtained by aging rams via horn annuli counts were higher than
those obtained by classification of rams based on 3 horn shape c¢lasses
(G-year mean = 15 vs. 12). This difference is important in the intensiwve
management regime established in the CWR (Irby et al. 1986). Conducting
horn annuli counts in larger, more remote, or less intensively managed
herds may not be cost-effective.

MAMAGEMENT RECOMMENDATIONS

Of the technigues we tested, those judged optimal for the CWR (an
easily accessible, intensively managed herd with individuals habituated to
close human approaches) were:

1) Trend - maximum count (MAXC) from 6 surveys during mid November -
January.  Although fts usefulness 1s Tlimited by lack of a means of
cdlculating variance (Calculation may be feasible, but we were unable to
find a statistician that knew of & suitable formula), MAXC (with & or more
réplicates) produced valués that were relatively stable within a year,
changed between years in directions that wére consistent with changes in
lamb production and herd health, did not require marked animals, and was
not sensitive to errors fn classification by age and sex. A multiple
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survey, mark-resighting approach such as the multiple Lincoln Index
(Bartmann et al. 1987) would give a better population estimate if adeguate
numbers of individually recognizable individuals could be maTntained in
the population. We do not have sufficfent funds to mark a large
proportion of the population, anmd, 1f we did, many of the non=consumptive
users of the Cinnabar herd would be upset at marked animals spoiling their
photographs of "wild® sheep,

2) Lamb:ewe and ram:ewe ratios - mean ratios (MEANR) derived from &
surveys, This technique produced relatively precise resylts, and allowed
us to calculate wariances with which to assess year to year changes
statistically. This technique may undéerestimate the actual proportion of
rams in the population, but the direction of bias is known. Additional
factors that should be consideéred in designing and analyzing sampling
plans for age/sex ratios are given by Bowden et al. (1984).

3) Harvest quota = utilize maximum counts of males 1n individual age
classes from at least 6 wintér range surveys fn which males are aged by
horn annuli counts. The Cinnabar herd 15 utilized for 2 purposes (hunting
and sheep viewing) that could easily conflict. DBecause we can get
detailed information on ram ages, weé believe it is worth the extra ef fort
to determine numbeérs and ages of rams surviving to winter. This enables
MDFWP to set quotas for the néxt year's hunt that will provide the
greatest opportunity to harvest rams consistent with mafntenance of ram
numbers, age structure, and behavior patterns that will allow
non-consumptive users ample opportunity to see and photograph mature
Tams s

Applications of this set of techniques to other herds may be
inappropriate. Sheep occupying a winter range may belong to several bands
with different seasonal range use patterns (Geist 1971, Festa-Bianchet
1986, Irby unpubl. data). Timing of movements on and off the winter
range, movements within the winter range, and extent of movement among
adjacent winter ranges could vary with different bands. If intensive
management 15 a desirable option, winter range complexes should be
obsarved for 3-5 years prior to initiating a routine sampling scheme.
During this period, movement patterns, observability, seasenality of use,
and variability among surveys should be determined. Settling on
techniques without this information is 11kely to yield poor results.
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SIMULATED FIELD TEST OF AGE AND SEX CLASSIFICATION CRITERIA FOR MOUNTAIN
GOATS

BRUCE L. SMITH, Wational Elk Refuge, P.0. Box L, Jackson, WY 83001

Abstract: A simulated field test of criteria for age and sex
classification of mountain goats was conducted at the Sixth Biennial
Symposium of the Northern Wild Sheep and Goat Council. After a 20 minute
pictoral presentation of the horn, facial and pelage characteristics
pertinent to field identification of & age/sex classes of mountain goats,
a series of pictures of 13 mountain goats were projected. Participants
were asked to identify the age/sex class of each goat on a test form.
Sixty-seven percent of the answers were correct. Sex was correctly
identified (B1.0%) significantly more often than age (71.1%). Tests were
stratified by the participants' previous experience observing or
classifying mountain goats. Level of previous experience was reflected in
accuracy of test scores regarding ages of goats, but was not significantly
different among experience levels for accuracy of sex {identification.
Biases associated with the test, an explanation of test results, and
applicability of these classification criteria to research and management
of mountain goats are discussed.

The need for wildlife managers to evaluate reproductive success,
subadult survivorship, sex ratios, and recruf tment rates of mountain goat
populations has been voiced by several authors (Hebert and Turmbull 1977,
Bailey and Johnson 1977, and Macgregor 1977). Assessment of these
parameters reéquires sufficient population composition data. Standardized
criteria for collection of such data, both within and among states and
provinces, will {mprove our understanding of mountain goat population
dynamics and hierarchical behavior systems, facflitate comparisons of
populations, and enhance management efforts.

A simlated field test of criteria for age and sex classification of
mountain goats was conducted at the S{xth Biennial Symposium of the
Northern Wild Sheep and Goat Council. The criteria consisted of
guantitative justifications and narrative descriptions of 35ix age/sex
classes (kid, yearling, 2-year old male, 2-year old female, adult male,
adult female) accompanied by pen anmd ink 11lustrations of eaach class
(Smith 1988). The objective was to test the ability of biolgists,
wild1ife managers, students, and lay persons to apply these criteria 1in a
simulated field situation.

METHODS
During a 20 minute slide discussion, the classification criteria
were presented to the audience. At the beginning of the presentation, the

audience was provided test forms (Fig. 1) and informed that they would be
participating in a simulated field test after the presentation. The test
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Simulated Field Classification of American Mountain Goats
Banff, Alberta April 14, 1388

Age/Sex Classes

K= Kid 2YM = 2 year-old male AM = Adult male
¥ = Yearling 2YF = 3 vear-old female AF = Adult female

L] T i
. 8.
9.
10.
11.
" 12.
13.

o LR s L B

Have you had past experience abssrving (please circle)
mountain goatsa? classifying

Hone
Some, non-technical (personal interest only)

Some, technical (a small part of my professional work)
Considerable, technical {(regular part of my past or
present work)

Other

o

Do you believe that with more experiesnce you could use these
clasgification criteria to identify age/sex classes of mountain
goats?

Yas No Unsure

Qeccupation/ALffiliacion:

CETIONAL
Namms
Addressa

Fig. 1. Test form for simulated field classification of mountain goats.
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consisted of a series of slides of close-up photographs of 13 different
mountain goats. One to 3 mountain goats, which the audience members were
asked to identify by age/sex class, appeared in each slide. A set of 1 to
3 slides (generally 2) offering different views (frontal and lateral) of
the goats were shown. The audience was given approximately 30 seconds to
classify the goat{s) on each set of slides.

The results of the tests were analyzed using one-way analysis of
variance tests,

RESULTS

Eighty-three Canadians and Americans completed the test,
Twenty-three (28%) had at least some previous experience classifying
mountain qoats in the field, although comments on the forms indicated the
giperience was qenerally Timited to kids, yearlings, and adults and
classifications werd mostly from afrcraft. Another 41 (49%) had some
experience observing or censusing mountain goats; and 19 (23%) had no
experience at all observing mountain goats (Table 1).

Table 1. Test scores from the simulate field test of age and sex
classification of mountain goats.

Percent correct answers (X + sd)
Observer's previous

level of experience N Agefsex c¢lass  Age class only  Sex only
Classifying Goats 23 76.3 + 12.3 79.0 + 11.4 86.8 + 9.8
Observing or 41 66.2 + 131.8 70.7 + 12.2 79.9 + 16.1
Censusing Goats == = =
Hone 19 57.6 + 13.2 62.7 + 12.9 76.5 * 17.7
Total 83 67.0 + 14.7 11.1 > 13.3 Hl.ﬂ': 15.3

For the 823 tests combined, 67.0% of the 13 mountain goats were
placed in the correct age/sex class. [ also amalyzed test answers to
determine whether the age (kid, yearling, 2-year old, and adult) or the
sex of the mountain goats were most difficult to correctly identify. For
the B3 tests combined, sex was correctly identified (81.0%) significantly
more often (F = 19.624, df = 1. P < 0.001) than was age (71.1%).

Next I compared test results by experience level of observers.
There were significant differences between the three experience levels'
mean test scores for age/sex class (F = 10.542, df = 2, P < 0.001), age
class (F = 9.590, df = 2, P < 0.001), but not sex (F = 2.685, df = 2, P «
0.08). At all three levels of observer experience sex of gpats was signi-
ficantly more often fdentified correctly than age (no experience: F =
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7.73, df = 1, P <« 0.009; experience observing: F = 8.503, df = 1, P «
0.001; experience classifying: F = 6.125, df = 1, P < 0.002).

Kids and adult males were most often aged correctly. Two-year olds
of both sexes were most often aged incorrectly (Table 2).

Table 2. Percent correct answers for each age/sex class from the
simulated field test.

Age/sax class Percent correct ansWwers
Kid B0 .8

Yearling 65.7

Two=Year 01d Male 34.4

Two=Year 01d Female 315.0

Adult Male B4.4

Adult Female 71.9
DISCUSSION

The purpose of this exercise was to test the ability of observers of
varying experience Tevels to classify mountain goats by age and sex. The
positive biases of the simulation compared to a field situation were:

1) Optimum environmental conditions for observers,
2) Stationary subjects to observe and classify, and

3} Similar observation conditions [facilitating valid comparisons
between observers of varying experience levels].

The negative biases of the simulation were:
1} Limited exposure to the classification criteria,

2) Lack of in-hand {1lustrations and other instructive material for
reference,

J) Observers were given a brief time and sometimes only view of the
subjects they were asked to classify,

4) Fifty-four percent of the subjects were shown individually rather

than in groups [which is more typical of field situations) that
permits comparisons of subjects,
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5) After the simulation, sévéral participants statéd that they wished
they had moved closer to the Front of the Tong, narrow conference
room because horn characteristics were difficult to distinguish From
the back of the room,

6] Nom-résponses were counted as wrong answers.

Sex of the mountain gqoats was correctly identified significantly
more oftén than the age detpite the Fact that séx was marked incorrect not
only when the wrong $ex was gfven but also when the corréct answer
required the sex of the goat but a participant's answer did not include 1t
{#.9., séx was marked wrong wheén participant's answer was “yearlfing" and
correct answer was Z-year old female).

Accuracy of age identification was significantly related to the
préavious experience level of the obsérver. However, the relationship
betwean prévious experience and accuracy of sax Tdentification was not
significant at P = (.05, possibly because only 2 characteristics (horn
curvatura and basal circumfevénce) require evaluation to determine gex
whereas several criteria help discriminate age. More 1ikely, the discre-
pancy betwean accuracy of age versus sex classification occurred because:

1) There are 4 age classes in Smith's (1988) classification versus 2
SEXES,

2] Several participants who had previous exparience classifying moun-
tain goats told me that the simulation was difficult for them
because they had previously only classified goats in summer (when
pelage characteristics are radically different and body and horn
s1zes of sub-adult classes are smaller than in late fall, winter,
and spring), and

) The criteria for sex classification have been known and used for
l?n;r years whereas very few technicfans have classified all 4 age
classes.

Although a computer simulation classified 91% of mountain goats
correctly by age (Smith 1988), compared to only 71% by participants in
this simulation, 1 believe that accuracies »>90% can be achieved under
field conditions. With more experience, more observation time, several
views of subjects, comparisons with adjacent goats, and age specific
behavioral information (Chadwick 1983, Geist 1964), cbservers can become
adept at classifying ages of mountain goats, Likewise, sexually dimorphic
behavior of mountain goats helps determine their sexes.

Finally, participants in this simulated field test were asked if
they believed that with more experience they could use the classification
criteria to Tdentify age/sex classes of mountain goats. Four [4.8%) did
not respond, 2 (2.4%) said no, 7 (8.4%1) were unsure, and 70 (B4.3%)
answered yes.

APPLICATION

It 1s important that researchers and wildlife managers have access
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to techniques and training that enable accurate age/sex classification of
mountain goats. Researchers c¢an only understand population dynamics, the
context of social behavior, and relationships between the two if they are
able to distinguish the sexes, and subadult age c¢lasses from adults,
Managers need data regarding a qoat herd's composition as well as its size
to detérmine 1f and how 1t miy bé harvésted. Managers also need to
provide adequate instructional materials and/or educational opportunities
to hunting permittees so that flexible, innovative harvest requlations can
beé implemented. Hunters must be provided with the préerequisite knowledge
for compliance with requlations.
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SEASONAL MOYEMENTS AND DISTRIBUTION PATTERMS OF A REINTRODUCED CALIFORNIA
BIGHORM SHEEP HERD FOLLOWING TRANSPLANT IN THE SIERRA NEVADA, CALIFORNIA

LESLIE §. CHON, Matiomal Park Service, Yosemite Natfonal Park, E1 Portal,
CA 95318

PEGGY E. MOORE, MNatiomal Park Service, Yosemite National Park, E1 Portal,
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JAN W. VAN WAGTENDOWK, National Park Service, Yosemite Mational Park, El
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Abstract: Seasonal movements of 18 radio-collared California bighorn sheep
[Ovis canadensis californfana) were monitored for 2 years following
reintroduction 1n the Sierra Nevada, California. During the first vear,
summer and winter ranges were < 1 km apart. Rams remained with ewes on
the summer range and herd movements were restricted to an area of 3 km<.
The second year, summer ranges of ewe groups remained approximately the
same size but were displaced up to 7 km from the winter range. Rams
greatly expanded their movements the second year: their range encompassed
a11 of the areas used by the widely scattered ewe groups. Increased
knowledge about the process of home range formatfon can assist managers
planning future reintroductions.

California bighorn sheep originally occupied the Sierra MNevada
wherever suitable rocky terrain with access to wintering areas existed
{Jone 1950). Populatfon numbers rapidly declined in the Jate 1800's
apparently from overhunting, competition for forage with domestic sheep,
and diseases transmitted by domestic stock (Buechner 1960, Wehausen 1980).
Distribution in the Sierra currently is l1imited to & populations. Mative
herds of this subspecies have survived at Mt, Baxter, Sammill Creek and
Mt. Williamson (Wehausen 1980, C. D. Hargis, Unpubl. memo to the Sierra
Nevada Bighorn Sheep Interagency Advisory Group, Inyo Natl. For., Lee
¥ining, 1%86). Recent reintroductions of native California bighorn have
been made at Wheeler Crest (1979), Mt. Lanaley (1980) (Andaloro and Ramey
1981} and Lee ¥ining Canyon.

On 5 and 6 March 1386, 27 California bighorn sheep were captured on
the eastern slopes of Mt. Baxter, Inyo Co., California and transplanted
120 km north to Lee Vining Canyon, Mono Co. The Lee Vining reintroduction
was the third such in a long-term program designed to reestablish geograp-
hically disjunct populations of bighorn sheep on historic ranges in the
fégggﬂ Mevada (Sierra Nevada Bighorn Sheep Interagency Advisory Group
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Te evaluate the success or failure of this reintroduction, the
Hatfonal Park Service initiated a 3-year monitoring program at the time of
release. Primary objectives of monitoring are to (1) document natality
and mortality within the new herd; (2) determine seasonal patterns of
distribution and range use; (3) investigate the effects of habitat on
survival and reproduction. Here, we report herd movements and distribu-
tion in the first 2 years following reintroduction.

We extend thanks the Goldman Foundation, the Sacramento Safarf Club,
and the Yosemite Association whose contributions made this project
possible. Special thanks also to the Calif. Dept. of Fish and Game, USDA
Forest Service and Bureau of Land Management for their assistance. 0r. R.
H. Barrett provided helpful comments on the manuscript. Presentation of
this paper was supported by Calif. Agric. Exp. Stn. Proj. 4236-M5.

STUDY AREA

The 46 km€ study area is in the central Sierra Mevada of California,
& km east of the range's main crest (Figure 1). It is bounded by Lundy
Canyon on the north and Lee Yining Canyon on the south, and 1ies within
Inyo Mational Forest. Elevation ranges from 2188 m at the eastern end of
Lee Yining Canyon to 3758 m atop the summit of Mt. Warren.

The only significant human development in the area is State Highway
1200 which winds along the north zide of Lee Vining Canyon. Embankments
along the 2-Tane highway areé used extensively by sheep throughout the
year.

Weather on the study area i$ characterized by cold, harsh winters
and warm, dry summers. Annual precipitation averages 69 cm per year and
falls primarily as snow deposited between Novembeér and April. In 1986 and
1987, snowfall 4n Lee VYining Canyon was 150% and 25% of normal,
respectively.

Low elevation winter ranges (2180-2590 m) support a pinyon-juniper
woodland (Munz and Keck 1959). Summer ranges fnclude two distinct plant
communities: subalpine forest and alpine fell-field (Munz and Keck 1959},

METHODS

We installed radio collars equipped with mortality sansors on 25 of
27 tranplanted sheep at the time of their release. Seasonal distribution
and movement patterns were determined by locating all sheep approximately
£ times a week using either aerial or ground based radio telemetry,
Between 378 and 560 telemetry locations were recorded for each sheep. We
plotted sheep Tocations on 7.5 min or 15 min topographic maps and recorded
them as Unfversal Transverse Mercator grid coordinates (UTMs) for home
range analysis. Home ranges were calculated using the modified minimum
arca method (Harvey and Barbour 1965).

Whenever possible, radio Tlocations were confirmed by visual
cbservations. During the past 2 years, fndividual sheep have each been
observed between 97 and 230 times each. In addition to noting locations,
we also recorded information on behavior, group sfze and habitat
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characteristics. Fecal pellets and associated bedsites alse provided
information abosut the location of use areas.

RESULTS

Twenty-seven California bighorn shesp were transplanted to Les
Vining Canyon (13 ewes, 7 rams, 3 female and 4 male lambs) and relaased in
two groups (n = 14, 13) on successive days (5, 6 March 1986). Fallowing
the release, a series of severe storms swept the area and contributed to
the deaths of 7 sheep. Between storms, surviving sheep moved down canyon
in bands of 2 to 4 individuals. By 1 April, bands had coalesced to form a
cohesive herd in the easternmost cliffs of Lee Vining Canyon. Thay
remained there until Tate May (Figure 1}. Individual ewes began to move
up canyon to lamb imn the third week of April but rejoined the herd on
winter range following parturition.

Movement to spring range began in late May as ewes formed nursery
bands. The herd remained on spring range for approximately 3 weeks and
during that time, movements were restricted to a 0.5 km€ area. Migration
to summer range in the last week of June was abrupt. On the morning of 25
June 1986, 2 ewes left spring range and moved 2 km up canyon. They re-
joined the herd at 1400 that afterncon and after 10 minutes of milling
about, headed back up canyen followed by most of the herd. During the
next week, the herd moved up through the south facing gullies of Peak
11273 and eventually arrived at what became their summer range (Figure
11.

A few individvals did not follow this general pattern. The most
significant deviation was the foray by 2 rams into Yosemite Mational Park.
In mid-May, 3 rams departed with winter range and moved 3.5 km up Lee
Vining Canyon. Two of these rams crossed Warren Fork Canyon and traversed
Tioga Crest, By mid<June they were in Yosemite Mational Park, 19 km west
of the release site. Both rams returned to Peak 11273 on 14 July 1986 and
réjoined the main herd, which had moved into that area.

summér range was utilized from early July unti]l mid-October 1986.
During this time, use was concentrated fn 2 core areas. One of these was
the embankment along Highway 120. This site appears to be a mineral lick
and was utilized repeatedly throughout the summer and autumn. The other
core area, on Peak 11273, was used for bedding and Foraging. On the basis
of telemetry locations and visual observations we calculated summer range
to be approximately 3 km<.

Intermittent storms through September and October resulted fin
repeated movements between summer and winter ranges. Movements during
this period also included what appearad to be exploratory forays. On 2
occasfons, the herd suddenly moved & km north to previously unvisited
areas but returned to the summer range after 2 or 3 days. [n November
1986, the herd moved to an area midway between the 1986 summer and winter
ranges and remained there until Spring 1987 (Figure 2).

Departure from the winter range in mid-April 1987, was initiated by

ewes as they moved to lambing areas near the head of Lee Vining Canyon.
The remainder of the herd: 5 rams, a2 ewe, and 5 yearlings, slowly joined
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them over the next month. Following lambing, herd movements were restric-
ted to 0.5 km? around Peak 11273 until late June.

Az fn 1986, migration to summer ranges was sudden and swift. On 30
June 1987, 2 ewes and their lambs left spring range heading north. B8y 7
July they had moved & km north of Lee Yining Canyon to the vicinity of
Gilcrest Peak. This area had been visited by these ewes briefly during an
Autumn 1986 foray. During the next 7 weeks, the band utilized the north
and west sides of the peak (Figure 2).

On & July 1987, 2 rams, accompanied by & ewe and her lamb, also
departed spring rangé and moved northwest, across Warren Canyon, to Tioga
Crest. The rams had visited this area briefly in June 1986 while enroute
to Yosémite. The band moved north for 3 days until reaching Mt. Scowden.
Telemetry indicated that the band made extensive movements around Mt.
Scowden before separating in mid=July. The ewe and lamb remained on Mt,
Scowden until late Auqust, confining their movements to the porthwest side
of the peak (Figure 2), while the rams travelled more extensively,

Not all ewes moved to new summer ranges. Three ewes and 2 lambs
remained near Peak 112731 which had served as the herd's summer range fn
1986. The centar of their activities shifted, however, From the east side
of Peak 11273 to a gully system on the peak's south face (Figure 2). The
mineral lick along Tioga Road was used intensively and we observed
frequent movements between these areas.

Ram migration began prior to the first week in June when 7 rams
moved from Peak 11273 to the north end of Tioga Crest. In late July, they
joined the rams that had moved to Mt. Scowden. A1l 4 rams formed a
logsely knit band that continued to move between areas occupied by the
widely separated ewe bands (Figure 2). Membership in the ram band shifted
frequently. In mid-October all 4 rams reunited atop Peak 11952. They
remalned there until mid-Movember when they joined the ewe bands on wintar

range.

In September 1986, 3 ewes and 2 lambs emigrated from Lee Vining
Canyon to Bloody Canyon, 13 km south, This band has remained there since
that time, spending 2 winters at elevations of > 3100 m. Spring and
Su-err.%'ﬁﬂ? also saw range expansfon by the Bloody Canyon band to an area
of B km® with the winter range at 1ts core.

DISCUSSION

The Lee Vining herd's restricted range use during the first year
appears to be typical of reintroduced herds. 0On the basis of information
from bighorn reintroductions in the United States and Canada, Gelst (1971
:121) concluded that transplanted bighorn sheep usually restrict habitat
usé to areas near the release site. We attributed the Lee Vining herd’'s
restricted movements during the first year to the absence of traditiaonal
movement patterns coupled with disorientation in an unfamiliar area.

The degree of movement varfed among findividuals, however, as

evidenced by the rams that forayed into Yosemite MNational Park and the
ewes that moved to Bloody Canyon. This variability of movement has been
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reported for transplants of desert bighorn sheep [Ovis canadensis nelsoni)
(McOQuilvey and Pulliam 1981, Elenowitz 1983, Shaw 198G), Rocky Mountain
bighorn (0. c. canadensis) (Bear 1979) and California bighorn (Andaloro
and Ramey 1941, Fanson 1984). 1In a study of reintroduced pronghorn ante-
lope (Antilocapra americana), Goldsmith (1%BB) attributed the high degree
of varfability in individual behavior to the expression of phenotypic
variation fn the absence of a social structure found in established herds.
This conclusion may also hold true for reintroduced bighern sheep.

Long distance migration to seasonal ranges the second yedr resembled
movements by native bighorn populations and contrasted sharply with those
of the First year, Gefst (1971) proposed that migration patterns of
native populations are based on traditions passed down through generations
of bighorn sheep. [n the absence of tradition, however, other explana-
tions become neécessary. Studies in California (Hanson 1984, Andaloro and
Ramey 1981), Arizona (Shaw 1986), Colorado (Bear 1979), and New Mexico
(Elenowitz 1983) all Ffound that reintroduced sheep expanded their use of
néw aréas during the second year following transplant. This may be
attributable to increased famfliarity with the regfon. The ewe's selec-
tion of summér ranges in those areas that had been visited previously
lends support to this interpretation.

Another possible factor influencing moveément patterns may have been
differences in snowpack between the first and second vear of the study.
Snow did not pose a barrier to movements in efther year because most had
melted by the time the herd reached summeér Fange. The large snowpack of
1986 produced snowbanks which lasted throughout the summer and thefr
effect on the length of the plant growing season may have affected move-
ment patterns. Plant growth in the Sierra Nevada 15 generally limited by
the lack of available moisture (Major 1977). Winter snowpack has a major
influence on the length of the growing season by providing water to plants
during dry summer months (Bi11ings and Bliss 1959). The large snowpack of
1986 may have allowed the new herd to ohtain adequate forage fn one loca-
tion throughout the year. In contrast, 1987's below average precipitation
may have necessitated long distance movements in search of faod.

Predation may also have played a role in determining movements and
distribution. 1In one instance, we witnessed the herd move to a new core
area after being chased by a coyote (Canis latrans). In another case, a
ewe-lamb band moved Z km following the Toss of a Jlamb to a puma (Felis
concolor). J. Wehausen (Univ. California, white Mtn. Res. Stn., pers.
commun.] observed abandonment of a wintering area by the Mt. Baxter herd
when puma predation pressure there was high.

Bighorn sheep originally occurred throughout the Yosemite region but
were eéxtirpated prior to 1914 (Jones 1950). Evidence from recovered big-
horn skulls indicates that native herds summered along the Sierra Nevada
crest (Wehausen 1980). [t is hoped that the reintroduced Lee Vining herd
will eventually recolonize these areas. Monitoring of herd will continue
for at least 1 more year. We expect this information will be useful to
managers planning future reintroductions.
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A STRATEGY FOR PRESCRIBED BURNING BIGHORN SHEEP RANGE IN WINTER
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Abstract: The seasonal variation in the heat and moisture content of live
tree foliage suggests a possible strategy for safely prescribing stand-
replacing fires during the winter for establishing or maintaining high
elevation sheep range. We discuss the possible burning prescriptions and
ignition techniques that will produce crown fires 1n a mature forest stand
without significantly reducing the organic soil profiles or adversely
affecting the understory plant cover. The logistical, ecological and
economic ramifications of our proposed strategy are also discussed.

Bighorn sheep (Ovis canadensis canadensis) range in Alberta can be
gescribed as semi-open to open alpine or subalpine plant communities
adjacent to rugged escape terrain (S5telfox 1976, Benmtz and Woodard 1988).
Although this sheep specfes s known to use a varfety of seasonal home
ranges throughout the year (Geist 1971), most areas are dominated by
graminoids forbs and short shrubs. Stelfox (1976) found that forbs and
shrubs were nearly as important as grasses in fulfilling the year-round
diet requirements of sheep. Perhaps more importantly, sheep remain almost
exclusively on grasslands and rocky escarpments because of an apparent
need for openness in close proximity to escape terrain (Risenhoover and
Bailey 1985, Bentz and Woodard 1988).

Fires, prescribed or natural, induce habitats that are heavily used
by bighorn sheep (Bentz and Woodard 1988). Stelfox (1976} pointed out
that fires not only create new grassiands but perfodically redistribute
the biomass between groups of plant species by changing the environmental
conditions on these disturbed sites. It has been suggested that burning
may enhance the production, availability, and palatability of important
forage species (Peek et al. 1979, Hobbs and Spewart 1981). Others have
argued that periodic burning keeps seral grasslands from becoming
dominated by climax coniferous tree cover (Geist 1971, Stelfox 1971,
1976). Some recent research has shown that on burned sites sheep use
areas more distant to escape terrain than on adjacent unburned sites
{Shannon et al. 1975, Bentz and Woodard 1988). These two studfes
concluded that this increase 1in use-distance iz due to Increased
visibility. Recent work by Bentz (1981), Michalsky (1987), and Eentz and
Woodard (1988) demonstrated this increase in use-distance 1s not related
to differences in plant community composition or structure between burned
and adjacent unburned areas, Regardless of the reasons for increased
sheep use on burned areas adjacent to escape terrain, there is ample
evidence to recommend the use of fire as a cultural tool to maintain or
increase bighorn sheep range in Albarta or elsewhere (Thomas 1984).
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Few adverse eaffects of burning on sheep or sheep range have been
documanted. Spowart and Hobbs (1985) “recommend that burns be large
Ennu?h to prevent interspecific competition between ungulate species for
available forage and that burn areas should be interspersed with adjacent
unburned site to allow maximum nutritional alternatives to sympatric
ungulate populations®. Another report (Woodard et al. 1983) suggested
that natural or prescribed fires burning under extremely dry conditions
could have significant adverse impacts on soil profile. These impacts may
occur as & direct result of burning, through the combustion of the orgamic
profile, or as a result of soil erosion caused by heavy precipitation or
extreme wind following burning. Host soil profiles at high elevation
consist mainly of organic material, which will burn when dry. In the
absence of complete combustion, the removal of the overstory canopy, and
for a short-period the understory plant cover, may make sofls on these
steep slopes highly susceptible to wind and water erosion. Therefore,
wildfires should be suppressed when they threaten these stands during dry
:u?dttinni. and prescribed burning should be avoided when such conditions
exist.

Little is known about fire behavior and the historical weather
patterns for specific alpine sites. A shortage of high-elevation weather
stations for documenting the micro-weather wvariations for the various
aspacts, elevations, physicgraphic changes and topographic wvariations
makes it difficult for manageérs to predict how fires will behave under
different fuel conditions. Most existing Fire behavior models have not
bean validated for these sites. Also, most land managers do not have a
wealth of practical experience in dealing with alpine and subalpine fires
in this province. These factors tend to increase the risk of prescribed
hurnin? these high elevation sites, and this increased risk or uncertainty

enerally results in increasing costs. The amount of burming accomplished
s often restricted due to the fncrease in costs associated with insuring
préescribed fires are controllable, yet fulfill well defined objectives.
The goal of this paper is to describe a burning prescription, which was
developad from theory, that will allow managers to safely and :haaﬁ1y
E:aicriba a@ stand-replacing crown fire on a bighorn sheep range that has

en overtaken by mature coniferous tree cover. The prescription attempts
to minimize the effects of burning on the so0il profile.

The Strategy

Historically, attempts at prescribing stand-replacing fires have been
developed from fdentifying or describing fuel, weather, and topographic
features that in combination with f{gnition procedures will enable a
surface fire to develop into a self-perpetuating crown Fire {Van Wagner
1977, Martin and Dell 1978). Ennnra¥?y. round and surface fuels are
gllowed to dry to such an extent that gn ignited under extreme
conditions of wind (>20km/hr), slope (>30%), temperature (>15°C), and
relative humidity (<25%), Fires spread rapidly. Under these conditions,
flame lengths due to rapid reaction rates (fireline intensity (lIgp),
Byram 1959, Alexander 1982) are high; thus maximizing the probability that
crowning will be sustained. Also, under these conditions, surface burning
dries aerial fuels and when ladder fuels are present or when the fireline
intensity is hi?h enough, crowning will occur., Unfortunately, these types
of fires usually consume  the organic layers of the soil profile.
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The result is a significant reduction in growth productivity of a site due
to the less in available growing media.

The goal of our strategy is to prescribe a self-sustaining crown fire
which will burn in the absence of surface burning. Therg are no
documented reports of sustained crowning occurri in the absence of
surface burning but it dis theoretically possible é homas 1967, Frandsen
1971, Van Wagner 1977). We suspect the absence of documented evidence is
most likely due to the fact that when sustained independent crowning does
pccur, conditions are so dangerous that personnel are not close encugh to

observe fits occurrence. Results from Van Wagner (1963) showed that
moisture content significantly affects the probability of sustained
burning. Christmas trees at less than 20X moisture content by oven-dry

weight burned “with great violence when ignited by a match. Those at 50%
moisture content burned readily, while trees over 100% could not be
fgnited wusing a point source of heat. Although these results and those of
Quintilio (1977) might not pertain to the type of fire we are prescribing,
they do represent the only data remotely applicable.

The conditions reguired for an independent crown fire have been
described (Van Wagner 1977). In general, it is assumed that fuel moisture
contents must be Tlow, crown fuels must be continuous and have a low to
moderate bulk density, enerqgy levels must be normal to high, and the wind
and slope components, which can sigqnificantly affect fire behavior must be
extreme, 3>35 km/hr and >85%, respectively. Although there s a shortage
of good fuel moisture and heat content data for coniferous tree species at
this elevation, work by Fuglem and Murphy (1980) does suggest moisture
contents may be low enough to produce desired conditions (Figure 1).
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Flgure 1. Foliar moisture content (dry weight moisture percent) of

lodgepole pine at foothills sampling locations (each plotted value it the
mﬂ?n of six observations) (extracted from Fuglem and Murphy (1980);: p.
15).
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Results from their work, although 1imited by sampling intensity within and
among years, and species type does ¢learly show the magnitude in foliar
moistura content levels to be expected throughout the winter months for
lodgepole pine at various elevations. These trends in moisture levels are
consistent with other published work for other plant species (Rusgell and
Turner 1975, Chrosciewicz 1986h). Although, the winter moisture contents
reported by Fuglem and Murphy (1980) are considerably higher than those
considered necessary for sustained burning (Van Wagner 1963), it i5 still
possible that winter burning could be operationally feasible. We balieve
the sampling frequency in Fuglem and Murphy (1980) was not sufficient to
detect significant moisture changes. It has been well documented that
Chinook winds 1in combination with the higher ambient air temperatures
commonly associated with them can dry Tive aerial fuels. In fact, if
severg enough or sufficiently persistent, these winds can sufficiently
dehydrate {individual trees to tﬁa point that complete stands of comifers
on the east side of the Rockies are killed; a condition known as “Red
belt" in Alberta (Bella and Navratil 1987). Therefore, it seems logical
to conclude that foliar moisture contents could be Tow encugh to sustain
an independent crown Fire.

Data on the seasonal trends in foliar heat content in conifers also
suggest winter burning may be possible (Little 1970, Philpot and Mutch
1971). Chrosciewicz (1986a) shows that the average high heat content of
old white spruce foliage fluctuates From zu,lug klJ/kg in late May to
20,800 kd/kg in mid-July back down to 20,300 kJ/kg by early September.
Unfortunately, because of the Timited time span in his data set it is
impossible to determine what the heat content is during the winter months,
although, it would seem highly unlikely that they wuu?d be much below the
early September or late May values for old foliage. We expect very little
energy 1in the form of extractives, tannins, oleoresins and carbohydrates
are being added or vemoved from the Tive old foliage during the winter
months because the cold températurés and the frozen soil prevents very
little biological activity from occurring in the tree. Further, we
speculate the proportion of flammable biomass to water 1s increasing due
to transpiration losses and the inability of the tree to translocate water
from frozen soil, because although transpiration losses are minor during
the winter period, there are losses due to respiration and even cooling if
trees are subjected to warm, dry winds. But even if we are wrong, high
heat contents of even 20,300 kJ/kg are signifi:ant1i higher than 19,000
kd/kg which is widely accepted as the average high heat content of most
woody fuels {Byram 1959, Alexander 1982).

We speculate tree foliage will suEpnrt crown fires at this elevation
if the tree canopies are ignited from above under conditions of high winds
{20-25 km/hr) or steep slopes (45 X). The aerfal drip torch or
helitorch, which wuses "SUREFIRE® (Fireflex Manufacturing’s trade name for
Calford G.; Lafferty 1984) or “PETRO GEL® (produced by Circle Park
Holdings) appears to be the idgnition system most suited to winter
burning, Other aerial ignition systems such as the Aerial Ignition Device
(AID; Lait and Muraro 1979) or the other types of fuses (Jukkala 1984) are
not recommended because: (1) they will not adhere to the tree canopy like
gelled gas, (2) they do not have the residence time of gelled gas, and (3)
they can not produce flame temperatures equal to gelled gas (Brown 1984).
These three factors must be considered when burning a porous and
potentially moist fuelbed. 55



Even the wettest fuels will burn if enough heat is applied to dry the
fuel below the moisture content of extinction level (Van Wagner 19631).
High wind and steep slopes will fincrease reaction rates (lg) thus
increasing the probability of fire spread between tree crowns (Rothermel
1983, Alexander 1985). Woodard et al. (1983) reported on the value of
this 1gnition technique during a spring fire which crowned under no wind;
yet slope steepness varied from 25 to 55%. Their results showed that
crowning could be induced with the wuse of the helitorch even though
surface burning could not be sustained when surface fuels were strip-head
fired (Martin and Dell 1978) with hand-held drip torches.

Historically, the wuse of the helitorch fuel was restricted by minimum
amgiant afr temperatures required for fuels to gel. Temperatures below
15°C greatly increase time required for a thorough setting of the
“ALUMNI-GEL" and gas mixture. A peptizer was required when mixing this
fuel between -25°C and 15%C. But even with a peptizer, which is an
extremely toxic substance and thus dangerous to handle, gelling may take
a5 long as 1B hours to achieve good consistency. This gelling time
severely restricts the value of this product when temperatures are low.
Current advances in the chemistry controlling the gelling now allows
firing teams to achieve reliable product and results under any temperature
condition >-25° C 4f “SUREFIRE™ or "PETRO-GEL" are used. Therefore, it
seems reasonable to accept the premise that the energy levels needed to
initiate combustion are available, and these chemicals and delivery
systems are reliable for winter burning.

OTHER CONSIDERATIONS

Chinook winds occur frequently in Alberta and the effects of these
warm, downslope winds should be considered when developing burnin
prescriptions. Burning should not be attempted during the Chinoo
condition. Flying aircraft in mountainous terrain is extremely dangerous
during chinooks. Therefore, we do not recommend burning or even flying
when wind speeds exceed 25 km/hr. Gradient winds should i?su be accounted
for when determining the Jocation and timing of ignition. The strength
and direction of these winds will signiFicantly affect the direction and
rate of fire spread as well as the probability of Tong range spotting. We
recommend prescribing burns when surface upslope winds are the strongest
during the burning period. Strong upslope winds in combination with steep
slopes will greatly enhance the establishment and maintenance of
independent crowning. Upslope winds also permit helicopter flying when
winds are even a 1ittle stronger (perhaps up to 30 km/hr). Alsoe,
fuel-free mountain tops or ridges will provide natural fuelbreaks. The
adoption of this strategy will enable wildland managers to better contral
the downslope perimeter of the disturbed area. There seems to be little
need to burn areas 300 m from escape terrain (Oldemeyer et al. 1971,
Bentz and Woodard 1988). Spotting is unlikely if burning occurs when the
forest floor is frozen in the burned site. It is not uncommon for south
and southwest slopes to 9o snow-free as a result of solar radiation and
Chinook winds while other aspects are still snow covered. Hence, we
believe the probability of fires escaping the target area is extremely low
even 1f large firebrands (>2 ¢m in dia.) are carried aleft. As a result,
very few if any firefighters would be required to contain the fires we are
proposing here.
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COSTS

Costs of prescribed burning varies among individual burns based on the
size of the area to be burned and the desired results. These two factors
directly affect: {1} the amount of Tlabour and equipment required to
construct nesded firequards, (2) the size of suppression or control
forces, (3) the numbar of helicopters required, (4) the size of the
overhead and mixing teams, and (5) the amount of mop-up or
surveillance time required. With our stratagy, all of the above costs are
significantly reduced. In addition, the number of "false starts" (when
prescribed fFires are cancelled because of faflures to satisfy burning
?rﬂsﬂriptinna but wusuwally after firefighters and equipment have been

ocated, moved or diverted) are reduced. "False starts” significantly

contribute to the costs of prescribed burning. We also anticipate that it
will be easier to predict prescribed Hﬂitgﬂr conditions, because of the
broader burning prescriptions (Brown 1984). Yet, we anticipate winter
burning costs may be a little higher at first due to a lack of experience
in forecasting weather at this elevation and for this pericd. Fire
weather forecasters have not paid much attention to the weather at these
elevations during this season. Therefore, we anticipate the number of
“false starts" in accomplishing winter burns will drop off significantly
after we have gained a Tittle experience.

ECOLOGICAL EFFECTS
Vegetation

Winter burning of coniferous stands of trees 1s not a common practice
in Alberta or elsewhers. Therefore, we as managers or scientists lack the
information necessary to determine what effect this type of stand
disturbance will have on the understory plant community. We expect our
prescription will not significantly reduce the preburn cover and
composition of the grasses, herbs and short shrubs 1Ff burning occurs when
the Jlitter fuels and duff are frozen. This prescription objective will
maximize the probability that these plants will be killed or severely
disturbed as a direct result of burning or exposure to thermal radiatfion;
ﬁhu; giving the competitive advantage to the more desired grasses and

2rns.

Perhaps the major limitations of this prescription is that it will not
reduce organic soil layers, or {if heat is needed to break the seed
dormancy of preferred plant species; this will not occur. In our opinion,
if either of these two objectives are desired then a subsequent spring
burn could be more safely and cheaply executed in the absence of the
ogverstory canopy cover. Burning during early spring conditions with snow
in the adjacent unburned stand would reduce the need for expensive fire-
guarding. The burned area would most likely go snow free earlier, dus to
removal of the overstory tree canopy cover, and the fire could be more
easily contained to the treatment area.

Shaap

Winter conditions can severely stress individual sheep or even a whole
population of sheep in a specific area. Managers are usually careful not
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to impose additional stresses at this time of year because of the likely
increase in aversge mortslity Jevels, The presence of helicopters and
people on or near occupied winter range may add to the stress experienced
by the sheep. Depending on the condition of individuals in the herd this
additional stress may prove fatal. Therefore, herd condition should be
considered when timing burns. Early spring burns, particularly on south
and southwest aspects, may provide more early spring forage than would
otherwise be available. Thus, even 1f burning activities do increase
stress levels in a population the earlier “green-up" of plants may
compensate for any adverse impacts. In some areas, whera the available
sheep range is quite large and affords alternate and distance wintering
sites, burns may be prescribed or located to minimize the stress on sheep.

SUMHARY AND COMCLUSIONS

Prescribing crown fires in mature, coniferous stands adjacent to
escape terrain during the winter months may provide an inexpensive, yet
effective, solution to maintaining or nst1h1isging Rocky Mountain bighorn
sheep winter range. The prescription strategy presented relfes on surface
fuels being Frozen, high wupslope winds, steep slopes, uniform and
continuous tree cover, and a heliterch ignitien system, which uses some
type of gel-gas mixture, We anticipate no control problems and all other
costs associated with prescribed burning should be minimized with this
strateqy. Based on currant fire behavior knowledge our prescription is
extremely safe because 1t 15 extremely conservative. We beljeve qualified
fire behavior officers may feel comfortable burning without snow on other
aspects, particularly if the soil and ground are still frozen.

If our strategy fails, it will be because the trees will not sustain
crowning independent of surface burning. We do not interpret this to be a
problem. The deposition of flammable gel on Tive trees will kill plant
tissue. Depending on the amount of live tissue killed in each individual
tree, whole stands of trees may be killed without the need for wide-spread
crowning. Qur goal s not to prescribe a catastrophic "BONFIRE" but
rather to open up the stand by killing the overstory tree cover.

Managers may find fgnition costs prohibitive if large amounts of
gelled-gas and helicopter time are reguired to ki1l stands that will not
support crowning, But these costs will have to be very high to off-set
the expense of not getting the Job done because helicopters and
firefighters were not available when burning is possible or when faced
with paying for suppression crews to control prescribed burns and we have
not even discussed the costs of "false starts". We conclude by saying
“our strategy may not work, BUT in our opinfon it is worth a try because
from our experience with prescribed burning, the costs and possible losses
are negligible compared to other altermatives".
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DESIGN, IMPLEMENTATION, AND INITIAL RESPONSE OF SELECTED HABITAT TREATMENTS
WITHIN THE URAL-TWEED BIGHORN SHEEF RANGE

D. LEWIS YOUNG. Kootenai National Forest. Rexford Ranger District. Eureka,
NT 59917

CHRIE A. YDE, Montana Department of Fish, Wildlife, and Parks, Libby, NT
59923

Abstract: In response to the decline of the Ural-Tweed bighorm sheep (Ovis
canadensis canadensis] herd between the 1960's and the 1970's, 2 separate
but related habitat ioprovement projects were indtiated., One is =&
Bonneville Power Administration (BPA) Punded project to mitigate loss of
bighorn habitat due to the cospletion of the Libby Das hydroelectric
project, and the other, a USDA, Forest Service ([USF3) helicopter timber
gale designed to isprove bighorn sheep and other big game species habitat
along Koocanusa Reservoir. Between 1984 and 1987, approxismately 1753 ha of
habitat have received some degree of treatsent within the 9220 ha bighorn
sheap range. Halicopter logging, slashing, prescribed Fice, and
Pactilization are being used in various combinations to create a nusber of
treatments located throughout the range. The initial phase of treatsents
{1938 ha total) ia planned for completion in 1989. The types of treatmenta
are discussed along with initis]l vegetation and animal monitoring efforts.

The Ural-Tweed bighorn sheep population, one of the few remaining
native herds in northwestern Montana, occupies the steep slopes along the
east side of Koocanusa Reservoir (Brown 1979, Yde et al. 1986}, The range
occupled by sheep is a series of broken. timbered, steep slopes (elevation
760-1680 m) with intermingled small grass/shrub openings. Several factors
lead to a decline in the population from on estimated 150=-250 onimols in
the 1960's to spproximately 25-40 animals in the late 1970's. Construction
of the Libby Dam hydroelectric fecility on the Kootenai River resulted in
the inundation of approximately 1740 ha of bighorn sheep winter and spring
habitats. Additionelly, spproximately 240 ha of habitat were lost with the
associated construction of Montans Highway 37. Thus, epproximately 18% of
tha total initial range (11200 ha) has been irretrievebly lost (Yde and
Olsen 1984). Fifty years of active fire suppression has also allowed
scological succession to progress. This resulted in increased encroachment
of Douglas-Fir (Pseudotsugm menziesii) into the open pondercsa pine (Finus
ponderosa) -bunchgrass comsunity (vegetation names follow Hitchcock and
Cronquist, 1973). Pre-treatment tree densities renged from 2470-3700
stess /ha for trees lacger than 2.5 ca dbh and 90F of the stems were between
2.5 and 10 cm dbh., Dense stands of lodgepole pine (Pinus contorta) are
rlso present as a cesult