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ABBETACE S A atudy of Hoecky Mounteln highorn sheep {Eili

Hountafne In norfth central Montana was conduceted during 1982-<83.
Obhfectives were Co provide haseline informacion on asasonal
distributlon, habitat vae, population statua, and réesponsas to
afll and gas exploracion Iin an area that supporced a craneplanced
populacien amd & populacien foarmed tchrough colonizacion. Three
populacion units and chelr asecasonally 1aportant ranges wverle
delineaced hased on the discribution and movesents of % radio-
callared and 9 neckbanded sheep. Populestion estimaces based on
the Chapman index for the encire study area vere 233 Ilp wincer
1982=83 and 258 in summer L982. The Janpuary 1981 lamb:i:ewe ratlao
wags 45:100 pnd the ram:eve ratio was 48:100. OQur data indicated
the sheep herds In che study area were expanding Iin range and
nombers during 1982=83. Avallabhility and disctribution of hablitac
components uwtilized by sheep seeomed adequate to suppoart greater
sheep nusbers than we ohserved. Specles composicion of the diesc
appeared comsmistent with a healthy, expanding herd. Ground
approsches by humans led o local displaceoencs infitially buc
sheaap guickly habltuaced. Hellcopter surveys resulced 1o a mean
flushing discance of 364 m. Selsmic activities In seasonal
ranges occupled by radio-collared sheep were [imited to 31 weeks
during summer 1982. Sheep were displaced Ffroe a2 lambing area
during one sefismic operation but were only locally displaced
during another operatlon. In sutumn 1983, a pnéumonla outhreak
was noted norch af the Teton Rivaer. By March, dead sheep had
been found [n a4ll herds alodg the east alope From Birceh Creek to
areas south of cthe Sun River. Mortalicy in herda in the Sun
River area was estimated ae 22X, The hetds {n oue study area
guffered comparable o greacer lﬂ?talit?.

The esst slope of the Rocky Mouncaims 1in narchoentcral
Mencane (Fig: 1) supporce ooe of the largest herds of Rocky
Hounctain bighorn sheep In the United Scates (GCouey and
Schallenberger 1971). Wincer ranges along the Sun River have been

1 Prepent addresa: Grear Lakes Indian Fish and Wildlife
Commigsion, PF.0. Box 9, Odanmah, WI S5&861.
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concinuously occupled sioce Evropean secclers encered cthe area.
Sheep occupying mest, If not all, wincter ranges nerth of the Sun

River were elimipaced prior co che 1930's. Wichin che lasc 25
years, 1 wiater rangea have been reestabliabhed (G. Olson 1982,

pers. comsun.)

The firmac recard of residenct winctering sheésp on the Ear
Hountain winter rvange (Fig. 1) cccurred in 1960=-61 when 30 sheep
were counted. Counts by Moncana Deparctment of Fish, Wildlife,
and Parks (HDOFWP) personne]l prier to chis atcudy fFflustuaced from a
low of eight in 1965-66 co & high of T4 in 1972=-73 (MDFUP 1961~
Bl, wopubl. P=R Reps-, Helepa): Thils winter range was presusably
colonlzed by anlmals from established winter ranges in the San
River ared.

The Walling Reef winter range was established with animals
transplanted by MDFWP from the Sun River area In March 1976. The
aingle Eransplant condisted of 37 abheep (23 adult Femanlex, 7
adult males, and 7 lambs). Alchaugh aporadie sightings of sheep
had been reporced Iin the area priosr tce the cranaplamc, no
resident wincering animals had seccuplied Walling Reef since a herd
was eliminaced in the early 1920'8. The Choteau Mouncain herd
evidencly wag sacablighed around 1978 by Bheap moving norch fram
Ear Mountain or Deep Creek (A wintcer range In the Sunm River
complex) and was supplesented by sheep moving sauch from che
Walling Reef transplanc site.

This sctudy vas inicleacted in 1982 to determine populacion
status, moveaents, and habicac use pacterns of mountain aheep in
Ehe Tlfﬁﬂfif escablished herds norcth of cthe Sunm River. The
information we collected allewed us toe contrast populacian
characcer in & croneplanced herd (Walling Reef) and a herd formed
via colonigaclion (Ear Mounctaln) wich chact of cthe herd from which
both originagced {(S5um River). Ap owtbhresak of bacteria (Fasteurella
hemolytica) = lunmgworm (Protostronaylus spp.) assoclated
pneumonia 1in 1983=-84 allowed ws to recrospectively opossess
population vulnerablillicy 1In the three sltuatlons.

Thia project was funded by the U.5.D.A:. Foreat Service
through a4 cantract wich che Montana Department of Filah, Wildlife,
nnd Farka. The aupplesencal daca, field assistance, and advice
provided by HDFWP hiologiscs J. HeCarcthy and G. Olson were
egaencial o che success of chisa scudy. Fecal analysisa was
compleced By W. Kaswvorm. Agalatance pravided by R. Evana, D.
Getz, D. Haok, . Joaslim, R. Kinyon, G. Sherman, and L. Young
Wisd greatly appreciated.

STUDY AREAM

The sacudy area, a 780 km? parcion of the Sawcooth Range,
excended from che Gontinencal Divide cto the Ffoothill/fprafirie
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ecotone of cthe moumcain fronc (Fig. 1) This area I8 lncated 1n
the Lewis Overchrust Belc and is characterized by a Beries of
parallel norch-soucth ridges separscted byY narrow SECream CcoOUCSES.
Domlpanct hablcet types included the subalpine fir (Ahies
lasiocarpa), Douvglas-fir (Fseudostumga menziesil), limber pine
{Pinus flexilisg), rough fescue (Festuecn scabrella), bluebunch
wheacgrase (Agropyron spicatum), alpine grassland, and rockland
habicatr series (Pfiscer ac al., 1977, Mueggler and Scewarc 1980,
Kaswore 19Bl). Excensive areas of subclimax/disclimeax mrassland
and shrubland exisced in cthe scudy ares ag a regsule of burne and

past livestock uem.

The average annual Cteoperature along cthe mouncraim fronmc 1=
gpproximetely 5 C. Aonual precipitation averages 38 cm on che
pralirie/foochil]l scotone and over 200 ecm in rthe alpine zone.
Although 60-80% of che precipicacion falls as snow, southwesterly
chinook winds periodicelly reduce spnow cover omn the mountaln
front durlog wincer. Condiclonse during wincer 1981-82 were
approximacely average. Copnpdicions dering wincer 1982-83 were
much milder than average. In 1983-84, early winter weatrther was
more severe and late winter weather wilder than average (U.5.
Dep. Comm. L98Ll-84).

METHODS
SEASONAL DISTRIBUTION AND POPULATION DYNAMICS

Piecribuction and movements of 9 radio-collared animals were
decerained from 20 relocacion flighes made from April 1982 -
April 1983 vaing a Piper Supercub (Andeyk L3983). Flights were
nade cwice A moanth during April - August 1982 and January - March
1983 and approximately once a month during September — December
1982. Addirional movement and distribution data were obtained
from afghtings of 9 neck-banded aheep. Dimeribution of sheep
within the atudy area during 19376-Bl was ohtalned from HOFWP
durveys and Incldental sightlings recorded in MDFWFP Ffilea (MODFWP
1976=81, unpubl. P-R Repe., Helena).

Seasonal digtrihuelan and sex/fage ractios were decerained
from helicopter (Bell 478-1) aurveys in Auguac 1982 and January
1983 aod frowm ground surveys during April 1982 = April 1983.
Counts from hellicopter surveys were considered minimum populatcion
estimaces. Chopoman Indices (Choapmaao 1951}, derived from
ohservations of warked and unwarked animals in che encire study
area and spporcioned becween populacion woice, were ucilized as
an alternacte means of estimating numbers.

HABLTAT CHARACTERISTICS ANMD USE

Vegecactlion messurements were made doring July and August
L9982 on Walling Reef and Ear Mauncain aummer and wintcar
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concentraction areas. Sample plots were placed randomly within
uugncaiu sheep concentration afean at a densalty of 20 per 2.59
ka®* and at mll radio and neckband relocationa recorded durimg
March = Augusk 1982, AE each ll!!. cthree 0.1 @ F]ﬂtﬂ were used
to estimate canapy coverage (Daubenmier 1959) inm the ground
stratum (granxesn, farba, and ahrubs <30 ¢m in heighet). Canepy
coverages of plancs inche mid (woody plants 30-180 cm) and upuEE
(woody plants »>180 cencimecers) Strata were estimeced io a 375 m

plac ac each sice [(PFiscer et al. 1977}, Ho plocs were
eatablished on Choteau Mouncaln because of the limiced number of

relocationa af marked aheap.

Speatrman's rank correlatlions (Snedecor and Cochran 1980)
were employed to test differences in canopy coverage between
random and relocatiaon plots. Student's t-tesats were usaed co cest
differences In canopy coverage between random ploca in Walling
Beef and Bar Hoauntain concencracian areas. Giznificance levels
were dedlgnated a8 pL0.05 wnless oachervise noced.

Habieat uae pacterns were described beaed on Infor@acion
collecced from all Aaheep obmavvacionse (radio relocactions, aerial
ohEprvatione, ond ground sightinge). Habltat cooponencs recorded
were: terrain type, cover type, alevaclon, @aspecc, slope, and
distences to tlmber and eEcape cover. Slope was obhtalned ueing a
U5GS slope grid and 1:24,000 copographic maps. Escape coOvVEr was
defined s cliffse or broken rock areas that provided securicy
from predators.

DESTURBANCE

Human activicy In asaeasonal ranges occcupled by sheep was
anted whenever ahserved. Reaccliona of sBheep to ground approachuos
by researchers wvere guanticacively assessed im April - Hay 1981.
Flushing distance (diagonal measurement calculaced from cCche
helicoperer alcicude as decermined from cthe alctisecer and che map-
mespured discance betwveen Che helicopter lacaction and cthe
locaciong of sheep groups at the cizme they Flushed) was noted for
all sheep observed duriog helicopter sourveys in Auvgust 1982 and
January 19871

Three selsmlic exploration linex {(surface charge) were run In
the sctudy area during summer 1982, Radio relocations wveéere
obhtalned priar to and after two lines wWwere coapleted on Walling
Roaf. A ground survey of sheep didcecributlion was conducted three
days after completion af Ehe lines. Behavinral reaponses of
sheep were observed during one of the eight days on which
seismograph teams worked in the Ear Mountainm area.

DOCUHENTATION OF THE DIEOFF

Reports by hunters, local landowners, and MDBFWP personnel
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were used to chart the appearsnce of sick or dead animals ip
individual population unilcs- Ground and serlial surveys
conductad by MDFWPF personnel during wincer 1983=84 and summer
1984 provided the bases For assessing cthe relacive severicy of
the oucthreak.

RESULTS

DISTRIBUTIONR

Helicopter s#urveys, rtelocationd of marked animala, and
ground observactlons duriog 1976-83 allowed us to delineate thres
wincer ranges in the stwdy acres (Fig- 2). The presence of 3
garked anlmals from the Walling Reef tramsplant on the Choteao

Hounctain wincer ranmge and cthe movement of 4 male lamb marked on
Ear Mountaln to winter range on Choteau Hountaln asm a vyearling

indicated that linkages existed between the ranges.

Sheep were widely dispersed and range overlap occurred
becween populacion unics during summer and aucuBn.
Distribution of sighcings during cthe 1976-81 period (Fig. 1)
indicaced chat the Walling Reef unit wae expanding to the north,
gouth, and vest And the Ear Mountain unit to che pmorch and wesc.

FOPULATLION DYNAMICS

Councts of gheep in individual ononeoverlapplng couvnting arcas
indicated sinimum populacion levels of 172 in susmer 1982 and 149
in wincer 1982-83. Populaction escimaces for the encire scudy area
{Table 1) based on Chapman indices were 253 during Augusc 1982
and 245 during January 1983, Thircy=five, 17, and 4BY ware
agrociaced with the Walling Reef, Choteau Mounctaln, and Ear
Mouncaln unites, respectlively. HMinimys deneitles on winter range
WELE: Hlilint Reef = 1.4 (34/39 ka*); Chu:giu Houncain = 1.4
(18/1Y km*): end Ear Mouncaio = 2.8 (77/2B ka®).

Lambi:ewe [(al]l females greater tham 1 wr) ratios of 50:100 iIn
June 1982, 49:100 4o Awgust 1982, amnd 45;100 in Januacy 1983
iandiecaced light suvesmer - autumn lamb morcalicy. Lamb wortallty
through Harch 1983 was negligible. If yearling males sighted in
the Januwary 1983 hellicopter aurvey were representative of
yearling survival for both sexes, the yearling to adult ewe ratlo
in January 19873 was 41:100: Knowsn adult mortality {n the study
area during spring L1982 through spring 1983 was 24, 1 covorte kKill
and 23 huncing kKills-

HABITAT CHARACTERISTICS AND USE
Seasonanl Habicat Use by All Observed Sheep

Approxisacely JOI of aheep abservacions weres vichin 91 m and
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Flgure 2. Mouncaln sheep distribucion within the study area, 1976-813
(1976=81 sighrings = g ; 19E2-83 sightings = ® ).
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Table 1. Total fnumbers obseeved and Chapman {ndex based
population estimates for mountalm sheep populations In the srudy
area obtaliped ducing helicopter surveys fm 1982-83,

Umict Count Escimare

Auvgustc 1382

Walling Hesof 56 B2

Choteau Mouncaln 37 55

Ear Moauncaln 79 116
Total 172 2539

January 1987

Walling Reof 54 g9
Chorean Mountaln 18 30
Ear Houncain 7 126

Total 149 246

B Based on silghtings ot 12 oF 18 marked anioals.-

b Baged on slghtlings of 10 ot 17 marked anlmals.

93 were wicthin 230 @ of escape cover. Bighorns In all
populations withinm the scudy area used grass—-forh cover Lypes,
slopes with southern exposures, and low rellef rerraln more on
winter-spring than on summer-fall ranges (Table 2). Blghorns on
susmmer-fall ranges used higher elevatlons, @Ceeper and more
rugged terrain (Bluffs, cliffs, ecirques, and talus), slopes with
east expofureés, and slteg closer Lo escape cover more than 414
animals abserved in wincer-spriog.

Differences In observed use hecween WINCEr rangem were
relaced to land fore ond vegertaclon avallabilicy. Sheep on the
Halling Reef winter range wade heavy use of windswepr norch-
facing slopes that supporced open grossland on old burns. Sheep
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afn the Ear Mountaln Wwinter range evidently preferred deoy south-
facing foathill slopes. Both sftoationk provided the lrast snaw
cover and aAcécéss Eo CLhe grestest areas of hecbaceous vegetation
available om the respeéective winter ranges.

Tahle 3. Hahitat wee (percentage of total groups ohserved) By mpoonctalnm
sheep in the study afea durfing April 1982 - Aprdl 1981 Totel nuombers of
groups obaerved were 186 In winter - mpring [(Deéecesmber — June) and B1 In
sEAsr = fall (July = Kovaabar).

Hasitac Dec=Jun  Jul=Row Hablcat Dec=Jun Jul=Kaoy
divimfon diwinlan
Terraln Cypx ARpeCE
EBluff 16 17 H & ]
Clafs (] 10 HE q &
Cirgque hasim r 4 Lo E 12 37
Talun slope 1 L 5E | I
Broken alopea 5 9 5 &l 2
Ridgw (& 13 W Lo b
Fack 5 1 W B 21
Riparian & 2 oy |+ | 2
Sidehill L i
Cover Eype® Elope
Timhor 4 16 Q=20 5 5
Ghrub & B 20-39% 40 11
Crami=Foarh 60 39 EO=59E 2% T h
Hock=bare ground 33 i G0=793% 12 52
Ol burn 8 & *»rax 18 L4
Llevacion (=) Disatance co escapes cover {m)
1402~-1%23 ) i In or <% 15 149
L3Z&=1&1E 24 =01 5% T
16T9-1 830 in 1 S5F=730 17 11
LAY1=-1581] ) i1s $31=-400 & 3
1984 -21 35 17 F ¥4 00 o i
2L3h=-2188 B |
2I8G=-2 440 L 27 Dlizcance to cisber (=)
TEET-25%%) 1 & Im ar <9 1% L
=91 b1 v
91310 7 a1
23l =0D0 B i |
~400 4

* Total observatinns ware 261 and 133 in Bec = Juan
anmd Jul = MHav, reepeccively because 4 wlogle group sosctimes oceupled
meTd tham 1 cover typa.
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Winecer Range Vegetatbtlon and Ungulate Une

The Walling Reef winter raoge was located on a subalpine
placeau ac 1,647 - 2,196 m a.8.l: The Ear Mountaln winter range
vaasg located 1in & Foorhill arvrea at 1 586 - 1,830 @ #.f.l.
Randomly located plots indicated canopy coverages of grasses,
forbe, and héerbacecus littéer were lower and shrubs and rock were
higher on the the Walling Beéeef winter range thanm on the Ear
Mountaln winter ramge [(Andryk 1983).

Seventy—five of the 130 species identified in ploEs on
Walling Reef and cthe 107 species In Ear Mouncain plocs (Andryk
1983 ) were found on both winter ranges. Pominant grasses on Ear
Mountain were ‘rough fescue and Idaho fescue (F. Idahoensis).
Dominant graminoalids on Che Walling Heef winter range were Jdaho
fescue and sedges (C¥perus spp.). Top ranking forbafhalf shrubs
af Ear Mountaln weére balsamrodt [(HBalsemorhlza saswlttata) and
fringed Bagewort [Artemlaia frigida). DNominant forbs on Walling
Reef were bedacraw (Galium hareale) and falae vetch [Hedtﬂlrug
Bp.). Dominanet wvoaodyY plants in plots were shrubby claquefall
(Potencilla Frucicoasa) and rose (Rosa spp.) on Ear Mountain and
kKinnikinick (Arccoscanhylas uva=ursil) and shrubby cinquafall an
Walling Heef.

The Walling Reef winter range encaompassed approximacely 39
km? and the Ear Mountain wincer range approximately 28 km= at the
time of the sctudy:. At least BOX of bocth areas had bheen procecced
from livestock grazing for 10 or more years, Wellinog Reef by
precipitous cliffs and Ear Mountcain by fences. The proportion of
Ehe winter range grazed by cattle waa higher on Ear Mountcain
(“20X prazed) chan on Walling Reef(~"10ZX prazed) ac the time of
the Bcudy. Walling Reef had higher elk {Ezzvun claphuas) amd
mountain goat (Oreamnoa americanua) use than Ear MHountain. Ear
Houncain supporced more mule desr (ODdocaileua hemianua) and
bighorn sheep use than Walling Rasf. =5

There was &8 Bignificant posircive rank correlacion (r -
0.85=0.89) betwuen ground coaverage characrceriscics in ramdom
plocts and plote At relocacionn of marked aheep on bBoach the Ear
Hountain and Walling Reef winter ranges (Andryk 1983). The close
sgpociaction bectween ovaillabilicy end use suggests thet sheep veres
discribuced randomly relacive Co ground coverage categorlies
within both wincer ranges-

Sixty-four percent of plant ceaxa ideocified on Walling Beef
and 37% on Ear Mountain were found in bocth random and asheep
relocacion plocs. Seven and & of the 10 highest ranking plant
gpeclieg by canopy coverage In ranodoem plots on the Walling Reef
gnd Ear Mounctain winter ranges, respectively, vere also ranked io
the 10 highest In plots at sheep relocatiomas (Andryk 1983).
Although this indicaced cthat wheep wvere discribucted somevhat in
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proporcion co plant availabilicty within winter ranges, Eample
glzes were too small for rigorous evaluation.

Summer Range Vegetatlon and Bighora Use

Both Walling Reef apnd Ear Mountain sheep summerad in alpine
ridge and peak areas act elevations of 2,013 - 2,440 m. Tests of
ground coverage in randomly disctribucted plocs vwithin both summer
ranges (Andryk 1983) indicated that forb and shrub coverages were
highar and rock coverage waos lover Im the Walling Reef unic.

Of the 92 planta fdentified in random plots on Walllom Reef
gummer range and the BB an Ear Mountain summer range, 60 werae
found in both aress [Aaodeyk 1983). The rtwn higheset rankilng
grasses, ldmho Eemscume and rough Fescue, and Forbe, false verch
and gRoldenrod (Solidago spp.), were sisilar 1in boath Bummer
CAMEER: The dominant shrubs were shrubby cingquefoeil Iinm cthe
Walllog Reef arcrem and kKinnikKinfick In the Ear Mauntaln area.

There was a significant positive rank correlation (rg =
D:81-0:82) between ground coverage characteristics in randem
plata and ploce measured at sheep relocations on both summer
ranges (Andryk 1983). Forcy-five percent and 42% (locluding 4 of
the 10 highest ranking plant taxa by canopy coverage io each
case) of plante found on Walling Beef and Ear Mouncaln summer
ranges, respeccively, were ldencified Iim both random and
relocaction plots. These daca suggesced 8 lower positive
assocliaction berween avallabilicy and vee than was observed on
wincar TANEER.

FOOD HABITS

Grasases vere tche dominant forage fcems in fecal samples from
the Walling Reef and Ear Mountain unite duripg fall, winter, amnd
spring (Andryk 1983). Forbs were the moast heavily uwvaed ltéma 1n

EuUummer .

Fescues were the most common plant genud 1n fecal samples
durlng all seasons in both unilts. Ascraealus spp. ranked second
in Walling Reef and Ear Hoauntcaln susmer samples. WheatRrasses
Were the second mosr common item In Walling Reef wintar somples.
Big magebrush (Artemisia cridentaca) was che second moEE common
ftea im Ear Mountaln winter samples.

HUMAN DISTURBANCE

Although we observed few Ifncldences of human preseace on any
seagsonal ranges and no Incidents in which sheep were displaced by
recreactionisats, the Btudy area was wcilized by horse and
backpackers 1 Summeér and huntérs 1n AUCUED. A parcian af Ehe
Ear Mouncain wincer range overlaaked a cauncy raad, buct aheam

282



were apparently habltuated to the light vehicle traffic on 1t Im
winger and even used cliffs lesas than 100 m abave the road as
lambing sités 1o early suomer.

Our ground observations led ro local digaplacemeént, but this
decreased with frequency of observation. Durimg April and Hay
1982, sheep on the Bar Mountain winter range were approached 57
tioes. Flushing disctance decreased from >200 m in early April to
{100 m in mid May. Sheep on the Wallilog Heefl winter range were
spproached lessx frequently. They malatalned a flushing distance
200 meters thrfoughout Ehe SEudy but did not leave regularly uwsed
portions of thelr sensonal ronges due Eo our presence.

Helicopter surveys produced more pronounced displacesent.
During the Auvugust 1982 and Januvarcy 1983 surveys, flushing
distances were deterained for 21 asheep Eroups. Mean Fluashing
distance was 364 m (5.0. = 232 m). In most incidencs, all sheep
in a group ran as the hellicapter approached and continued runnlng
unctil the helicopcer left.

During 16-24 June 1982, 2 selsmic exploracion lines weére run
on Walling Reef when sheep were lambing cthere. The 4 radio-
callared sheep (3 ewes and a8 2-yr-old ram) present in early June
moved A=-8 ks to an adjacent dralnage by 17 June. InEenalve
pround survevys were conducted on Walling BReef on 20-22 Junae, and
noe sheep vere cbeerved:. This vis the only time during the encire
study when no sheep were seen in cthis area during ground BUCVYEYR.
Ewe groups recurned by 10 July and were regularly observed on
Walling Reef for the remainder of che summer.

The selamic exploration line on Ear Mountaln was complected
during 17=25 Jume 1982, n poriod wheonm most lambe on Ear HMountain
lagbing ranges were a week or more old. Sheep in this acea did
not leave duriog or afcer selsmic operatlions alchough lambing
glites were within 2.5 km of the seismic line.

One group of eves and lambs (34 animale) wae obeerved on a
gale lick 1.6 km noreh of the line on 24 June. The lick wvas in
the flighe corridor ueed by the crev to move men and macerials o
the line. Andryk observed 14 helicoprer passes directly over cthe
gheep st “5=pip Intervals and heights of 300 = 400 . Ko
behsviorasl response was noted In response to the sound of the
helicopters, but on deeling the machine, the sheep bunched and
ran:. ©On L1 of the pasases, flight discances were 450 m. However,
an 3 of che lasc 35 passes, they Fan to escape cover (90=200 m).
Total behavioral reaction Cime (time from Iinlctlal responee Lo
respmption of foraging) was 3-5 winutes per pass.

DESCRIPTION OF DIEOFF

On 1 December 1983, a fixed-wing aerfial survey of Walling

283



Reef Iindiecaced no lambe were presaent wich abasarved awvea. Sick
rams and Tam cavrcasses were firat reporced co MDFWP naar the
Tecton River on 30 December 1983, On 23 January 1984, sileck
animals vere firscr noced on Camcles Reef in che S5um River area. By
February, deacths were reported on interior vinter ranges along
the Sum Hiver. By mid March; dead anisals had been located on the
southermost wincer ranges Iin the S5unm River complex (J. HeCarchy

and G. Dlaon 1984, perR. commuUn:).

ALl populacion units in the study acea and in the Sum River
complex experienced mortalicy. Four of B sheep wicth funccioning
radios in our study area died between November 1983 and February
1984. Spring 1984 and wincar 1985 populacien surveys indicaced
mortalicy of approximately 22X in the Sun River ares with deachs
concencracted in young and old age classes (J. McCarchy 1985,
pErs. com@mun.). Counts on winter ranges in our sctudy area wBere
40-50% lower than thoee obtained in helicopter surveys in 1982
and 1983, but veather conditions during the surveys were poar and
may have led to loncomplece councts (G. Oleon, J. HeCarchy, and G.
Joslin 1985, pers commun.).

Horctallcy was evidencly due co bacceria - lungworm
gagociaced poneumonia. Observactions by blologiscs, huncers, and
local residents suggested cthact the oucthbreaks moved segquencially
from norch to soucCh.

DLECUSSTION

The 1976 transplant on Walline Reef was cne of the meat
guccessful single Introduction transplants in Hontana. Baeed an
expangion paccerpg belleved to have occurred in Sum River herda,
the Wallipg Reefl Iprroduccion oscecelersced escablishment of
blghorns in the Birch Creek dralnage by atr leasc 40 yvears (Andrvk
1983). The success of this transplant may be accribuced to aay
or all of & factors: 1) reintroducing bighorns inco habitac that
hiscorically supported viable populacions, 2) ctransplanting in a
patliod in which & of the ficret 7 winters following the transplantc
were milder than average, 3) closure of Walliog Reef to livestock
in 1972, & years prior to the transplanc, and 4) reliocroducing
bighorns Iinto an area in which dispersing bighorns were already
present (Gelac 197V1:111}.

Habicaer use and foaod habits of bighorns In the Bar Mountaln
and Walling Reef herds wvere similar co those observed in theée Sun
River area [(Schallenberger 1965, Erickson 1972, Frisine 1974,
Kagswore et al. L984). Horo growih io harvested roame from tche
atudy area was silmilar Eo horn growth in cthe Sum River area
(Andeyk 1983). Productiviey in 1982=83 Ino our study area was
comparable o cthat Iin the Sun River (48 laobm:100 ewes in
December 1982; HMDFWP, unpubl. P-R Hep., Helena) and Iindicative of
racion found in healthy expanding herds (Woodgerd 1964,
Shackleconm 1973).
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Based on informacion available chrough winter 1982-83,
management atrateéeglés employed at Walling Reef, Ear MHouncaim, and
Sun River appeared to be an unqualified success. The 1983-84
diecff raised serious quescions abouc chese atracegles. Five
factors (or combinacione thereof) are commonly suggested as
triggers for pneumonia dieoffs in mountain sheep: 1) ovar-used
range, 2) weather (cold winters that stresd sheep or vet wprings
that favor lunguorm produccion), 3) excessively dense or
gendencary wintering populactions of mouncalo sheep, &) direcc or
indirect compericion with ocher wngulatctes, especially domestic
gheap, and 5) stress resulting From disecurbance (Buechoer 1960,
Forreater 1971, Scelfox 1971, Uhazy et al. 1973, Forevet and
Jegsup 1982, Goodson 1983, Lawson and Johnson 1983). None of
these faccors was consiscently fmplicaced in the Easat Front
dieaff.

Range on partions of che Sun River area and in our scody
area showed indicatliona of averuse and carried Bacars from pastc
livestock grazing, bur the averall comdition for all wincer
ranges was falr to good (Kasworm et al. 1984, G. Olsonm 1986,
PETH. I:ﬂ-llll'l:l.:l- piactribocian pACCETAR in BEummear and vincer
indicaced that sheep in the Walling Reaf and Ear Mountalo wunits
did not limic chelr aecivicles to rare landforae or hablcac cypes
that could have been locally overgrazed. Major icess in sheep
dieca were plance chag sheep along che Eascr Front would be
expecced to ucllize under favorable grazlng condiclons-

Fopulation characteristics io our sctudy area In 1982-B3 were
indicatcive of healthy expandlog herda:. We found no evidence of
poor vyearling sucrvival or noticeably poor ram horn growth in the
1981-82 or 1982-83 winters.

Spring weacther in 1983 was “23% drier thoo the mean and was
unlikely te have been aboormally favorable co lungworm larvae on
the ground or to cthelr snail hoscs. Wincer weather in Deceomber
1983 and Januvary 1984 was severe (U.5. Dep. Comm. 1983-84), but
lacte winter and spriog were much milder than average. Bighorn
populacions In other areas of the state saxperfenced similar
weather patterns wlthout poesumonis outbreaks (L. Icby and 5.
Stewart, wunpubl. data).

The bulldwp of luvagworm larvae on winter range due to
contlnual occupation aof a wlater range over loang periods of tElme
might have been a caude of the cuthreak 1in the Sun River compléex,
but Walllong Beef, oceupiled less thoo 10 vears and with L/5 Ehe
sheeap danaicy (based on 1983 counta of B2V sheep on 130 km? of
Wwinter range in the Sun River complex; MDFWP, unopubl. P-R Reps.,
Helena), experienced as such or more mortalicy tham herds Lo che
Sun River., GCouncs of larval lungvorm from sheep [ecal samples
were relacively high duriog 1983=84 {n che 3un River area buot
were sevaral times lower than counts Erom the Clonabar Hoontaln
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herd on the porchern border of Yellowstone Natiomal Perk (D
Worley, vopubl. dace}. Ko deachs of adults were ooted In the
Clnnabar herd (L. Irby, unpubl. data).

Compeciction wicth elk had been clted a8 & possible cause of
eagrlier sheep dieoffs Iin the Sun River area (Plccton and Flcton
1975} During 1983=-84, elk nupbers were beélow those assoclated
with earlier diecffs, and few wmlk uveed Che Ear Mountalin and
Walling Reef winter ranges. The only other numerous indigenous
ungulate, wule desr, had low levels of dietary overlap (Kasworm
et al. 1984) with sheep. HNo posltive associacion berween densicy
of deer and extent of morcalicy Iin sheep was apparenc.

Livestock use of wountaln sheep range was limited Eto cactle
and horses, and <25 of cthe Ear Mountaln and Walling Reef winter
ranges wWere grated. Stocking races for livestock eslither resained
approximacely the same or were lower Iin 1983-84 chanm Im 1981-83.
The closest domestic sheep allotment wvas >15 km from occupled
wild shesp range.

Alchough cumulacive acress from several years of seismic
aperaciaonas could have ctriggered a populacion decline (Hook 1986,
Joglim 1986), levels of gas and oil exploraction durimg ocur study
were low. Sheep responded to che accivictlies, but adherence to
micigacion guidelines (Andryk 1983, Hook 1986) saccepted by che
U.5: Forest Service and the Bureau of Land Management should have
reduced discurbance to sheep after our study was compleced.
Other human activicies in che sctudy area, predominancly lighe to
moderacte hunter and hiker craffic, were ginilar co thoae that had
sccurred while sheep populations were rapidly expanding.

If, as the pattern of pneumonia outhredks suggested, deaths
were the result of the continued souchward movemeént of a pacthogen
Ehat caused wideapread bhighoarn deachns in Bricish Columbia and
Alberca in 1981-83, Clacier Hacriomal Park im 1982-83, and central
Moncana and cencral Idahe Iin auctumn 1984, the mode of spread
across Raps ln mountaln sheep distribuclion has not been
ascercained (J. McCarchy, pers. commun.). We jdenciflied what
appeared to be a 30-40 ko gap becveen sumemer discribuclions of
animals from the Walling Reef unict and Aanimals from sheep
populations in Glacier Natcional Park. Dispersing sheep could
have carried a pathogen across the remote mounctalinous tercaln
aggociated with this break 1o distcribution, but the probabilicy
of a vertebracte veécEar carrylog a4 pathogen ASFoss gaps of 100 km
or mote of humen occupled lapds to spread poeumonlas Info central
Hontana and central ldaho would sesm glooet nil. Desplite the
absence of a logical wector, the sequantial spread of a virulent
pathogen sesoms a better saxplanacion thaom & chance sequence of
independent diecffis.

Whacever the ultimate cause, theée moat disturblong aspect of
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this outbreak was I8 uneéxpected AppaaArance. Alchough we were
invalved in a much moare incenaive manicoring progras cham maBst
state and federal agencliea wauld be able to support onm A& longterm
basia, we wvere unprepared for a major dieoff. None of the daca
ve collecred had any prediccive value. Traneplanted, colonmizing,
and residenc saheep were equally vulnerable o che dieoff and gave
equally Few clues of lcs impendling appraach. If the Walling Reef
transplanc marved as a conduic for invading pathogans, Arguemencs
could be put forch for fsolacing major mountcalin shaep herds by
creacing buffer zomes chrough huncing or maincaining exiscing
buffers by faregoling transplancs. The fallure of what we thought
was an adegquate buffer zone and the great distances between Cthe
1989 ouctbreaks and those reported in autuan 1984 suggest chis
approach 1ia fucile. Until more ia learned of the dynamics and
gontrel of the pneusonia cycle, managers should concentrate on
increasing the overall area of auitable habitat occupleéed hy
mountain sheep herds, controlling human accivicies on ericical
getasonal sheep range, and eédovcating the publie Eo recagnlEe
dieaffs a8 natural asaceurrences rfrom which aheeap populaciana
usually recoaver.
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QUESTIONS AND ANSWERS

Bill Shuster, Colarado: You mentioned fescues were important in
winter, fall and spring range. Somewvhere you said forbas. Can
you give us a hint on what kind of forbs you're talking asbour?

Tim Andryk: Yes, Astragalus spp. was the mest common forb in
the diet during the summer. Graminoida were the most dominant

part of the diet during three seasons of the year, while forbs
were the moast common item in the diet in the summer. In the
summer, sheep utilize high latitude areas. They migrate hack
into the interior away from the Front winter sitea and they will
associate more with rocky terrain and rocky eliff areas rthat
produce more forbs than grasses.

Bill Samuel, Alberta: T think the emphasis on lungwvoerm is the
wrong way to talk about it, and I think Dr. Onderka presented the
heat way ta consider parasites in the die-off scenario. This is
just one man's opinion, and T haven't thought about it any more
or leaa than you have, but the way this die-off went 1in time and
apace suggests to me an infectious agent. T don't know abour the
gaps, but that fust points to me how complex this whole bhloody
situation is and how little we know., But that scenario makes
more sense to me than anything else in spite of the gaps in
space. Tim Andryk, T agree with you completely.

Pater Navidson, British Columbia: TI'm the guy that started this
disenns, I just wanted to point out the gaps that Bill wasa
talking about. We had sheep that were perfectly healthy a
stone's throw across Elk River Canyon, from the dying Wigwam
sheep, and they did net die as long as they didn't come across
ento the flats., We've got sheep north of the Kootenai River that
didn't die and we know that there's contact in both of these
areas with eve and ram bands hbetween the herds. There's some
real anomalies that we haven't folly explained.

Andryk: One thing that we have bheen discussing is that sheep
that have experienced these die-offs before are maybe more immune
or less susceptible to die-offs in the future. Like along the
Front., At the Sun River they had a 22X mortality. Roughly that.
We feel mortality was prohably greater, much greater, in the
nevwly established herds north of the Sun River.

Allan Dale, Colorado: Do you have any informatien on what the
lamb survival has been following this die-offs the last couple of

years?

Andryk: Yes, we had a couple of years of very poor laamb
survival. Down on the Sun River, John McCarthy was talking
around 10 percent and since then the populations have come hack
and lamb/ewe ratios are getting back to normal at around 50-60.

Dale: 5o that's wvhat, three years after the die-off.
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Andryk: VYes.

Gayle Joslin, Montana: Tim, do you Ehink that perhaps goats are
filling the gaps between sheep populations? Goata and sheep
pverlap at hundreds of salt licks, and licks constitute likely
places where sheep might be picking this disease up.

Andryk: We considered that possibility and passed it around for
awhile, There probably is something te that, but the problem is
it i8 not consistent with what happened when the die-off aspread
to central Montana and central Idahao. When it apread acroas
large regions of human occupiled agricultural lands, towns and
villages and stuff.

Joslin: Are you talking about the Beartooth Game Range when you
refer to glant geographic leaps?

Andryk: Yes, starting with the Beartooth Game Range and the
cutbreak at the Snake River in Idaho.

Joslin: I don't know about the Snake River, but we do have
straggling goats coming back and forth across the Missouri River
between the Beartooth Game Range and the Front.

Andryk: I'd appreciate some comments from the lungworm
spoecialists that are in this room. T heard five different talks
on lungworm today.

Bill Samual, Alborta: What do you want me to say? Sheep have

them, they all have them. We don't know beans about lungworm. I
think we know less than you know about the ecology.
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