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Abairast: In MNesesnher 1995, a bighomn sheep poscumonsa epldemic sisried i povthern Hells Canyon, Waskingion. bnan
effort o prevest spresd of the discase, all 72 live sheep in the snes of the initial cothreak were captured and treesiemed in
n captive hoklmg lacility. Hewover, the opadeem: aontimacd,, sed by February had sppezenily spread appromimetely 40 miles
iothe soully An estimated 127 bighorn sheen disd, incloding 50-75% of the bighom sheep m 4 Oregoa and Wishingion
hiercds et ffecied by the disease Highorn sheep soroes the Snake River in [dsho showed signs of respirsiory disense, bt
it dienaT ooourrad. Bigghom sheep across the Imnaha River in Orepon were spparcnily unaffociod. Afler surviving 16 days
ity caphivaty, highorms resoved fom B wild began bo dic fom bacterial presnomia desle slemive beatimal with
mntibioties, | iHimaiely, § of 72 bighoms ssreved in espiiaty, Hacienal, virsl, and perantodngical assmples were collecied
from 57 free-runging bighom sheep. Three fersl goate and 6 domestic sheep were also ssenplod. Pasteurells sssociated
oo was e coume of bughorm mortalify, bud the faciors thal inggered the outhreak were el defermanad. Treatmends
incladed placiag medicaiad protan [hocks snd fond near sck shocp.  The most cffective resémesd appeared o be nol-

F==ing sheep from o helieopier, resting with antibéotics, and releasing thers al the capiure sie.

INTRODUCTION

This paper chronicles & Rocky Mountain bighom
sheep {Chis canadensis conadenss) pocumonia epi-
demic thal océuned in and nsar Hells Canyon ol the
Snake River in Washingion and Oregon, November
1905 - March 1996, The spidemic resulted in moetal.
ity of appmoximately 327 bighorn heep including 50 -
7% of the bighom sheep in 4 af 10 herds i and
around Hells Canyon. 'We repont em the spread of the
opidermic, summaroe predmamary virology, bacteriols
oy, 1d pariitalogy daa and nclude information oa
efforts 1o treat free-ranging bighoen sheep affected by
e cizease paibreak

STUDY AREA

Hells Cavon of the Snake River is located in
Oregon, [dabo, and Washingion (Fig. 1). Elevaiions
mape from approximaely 243 m (800 ) ncar Lowis-
ton, idaho to abave 2743m (N0 in the Seven Dev-

its Mountaina, ldaho and Wallowa Mountaing, Oregon.
Much of the arga i public ksd mansged by (he UL
{Bog raursr), but alio seme domestic sheep (Chis
avies) and domestic goat (Capra hircus), occurs on
pubilic and private lands.

Caryen wpograply i sicep and sharply dis-
nae the bsdscape inderspersed with decideous shrub
Dougles-fir (Preudorsuga mensies) and ponderosa
pinss (Fraer ponalerona]) sands occur on northerly
aspoces (Johnson and Simon 1987, Mascuso and
Moseley 1994}, Climate is charscterized by light pre-
emperature. Summers are bol and winters mild. An-
maal precipstabion averages kess than 25 em (10 i) in
the camyos with (he heaviesi precipitation occurring in
the winker manths and in May and Jupe {Johnson and
Simon 1987).



History of bighormn sheep in Hells Canyon

Bighom shoep (Chir comademits) wers oaoe
abwandant im Hells Canyon, but, ng cheewhere in the
west, popalations declined precipitoushy with (he ar-
rival of sctilers in the late 1800s, and bighoms were
compleicly extirpatod from the Hiells Camyon arca by
the 19404 The first reantrodaction of bighom shesp 1o
Hells Canyos pocwrred in 1971, Since thes, 157 sheep
have been relessed st approcimately 12 locations.
Refocated sheep originmed in and near BaniT and Jas-
River, Idahey, Wildhorss Isisnd and Thompson Falls,
Montana; Tarryall and Comonwood Creek, Colomdo
and Whiskey Basin, Wyoming. The mast recent rein-
troduction oooarred in Fehruary 15993 with ihe reloass
of 38 baghoms fram Cardanal River, Alberta iio the
Lapwer Hells Canyon, Cvegon beml (Fig. 1)

Bighem sbeep have persisiod al all the remieo-
doction sites. Orver 70O bighom sheep ccourred in and
mzar Hells Camyon by the wiser of |994-95 (Toble 1),
However, mi least 3 population dieoiTs have been re-
poriod simce reinooductions were indlised: in 1971-72,
1983-84, 1TB6-07, 1988, and 199). Theee of thess
dicalls (1972, |983-34, and 1991} cccured in the
Upper Hells Canyon, ldoho and Upper Hells Camon,
Oregon herds. The 1986-R7 dicofl occumed in the
Lentine herd (Cogging 198%) and the 1988 dicoll oc-
curred m ihe Moundain View hend (Foroyt o al. 1930
(Fig. 13, The epidemics in ihe upper Hells Camyon
and Losting herds were thowght io be related i contact
with domestic shesp, bt no definifive caues could be
idientified for previous disofly,

Diendl chronology

This epidemis occurred in the wimer of 1575
155 i tho nostbern end of Hells Canyon in Washing-
tom mnd Oregon, On J Novensber 1993, Washangton
Departrment of Fish and Wildkife (WDFW) personssl
obssrved a feral domestic goat with bighom sheep in
the Tenmile Creek area alony the Snske River south of
Asptin, Washingion ad the lower end of Hells Canyon.
During the same period, bocal residents ohserved big-
bom sheep coughing. On 18 and 19 November, 2 dead
rams wene discovered in 2 separsle locations 15-20
mikes upstream of Tesmilo Creck. Ong of the rams was
rewicved amnd micen 1o the Waskinglon Stme Universaty
min was desermined 1o be the canse of death. More
dead aheep were observad between Tenmile Creck and
the Grande Ronde River (Fig. 1) over the next several
dovi. Om 1% and 29 Noveniber, 18 dead sheep were
observed ma WDFW senal sarvey and a bighorn mm,
bigharm cwe, and the feral gost were collocted together,
The goai and bighom ram appeared healthy, bet the

gwe showed signs of preumonia including coupghing
and lack of mobility. By carky Docember 1995, 2 10tal
of 33 densd blghom were pbaerved north of ke
Crande Roode River. Fam, cwe, and lamh monalaty
were high mear Tenmile Crock where the oothreak
apparcotly starfed.  Ham mortality domanaicd as ke
Cpideniit progressad 10 the soulh.

I 2 piteenpi in coninin (ke spresd of the dis-
ense, the T2 bighoim sheep remaining north of the
Cirande Ronde River were acrially nei. and
phacad m captivity at the ldabo Department of Fush and
Game (EDFG) Wildlife Health Lab at Caldwell, kdsho.
Fifty-eight were captured on 2 and 3 December, the
remaining 14 wene capoered on 12 December. On 7
December, o lethargic bighom ram was observed south
of the Grande Bonde River during an acrial survey and
on 18 December, 4 bighorns south ol the Grande
Ronde River in Washington were observed coughing
(Table 2). On 2| Decesnber, 3 desd rams were founsd
in Washingtoa. One of these, the ik ram observed on
T Detenber, had been dead approximately 10 days
Bighom shecp in Washingeon wers again ohaorved
coughing dunng an perial survey conducied on § Janse
ary, a5 were sheep ocross (he Snake River in Idabo,
where | dead ram was located snd collocted. Om 16
Jazuary, snother dead ram was found [n Washington,
Oa 20 Jameary, 8 coughing ram was colkected apstream
in Crvepon and a dead cwe was retrieved in kishe. On
30 Jamusry, 2% monthe afler the original outhreak, the
first dead bighoms (2 ewes) wers observed in Oregon,
nppraximadely 40 males Mrom the angina oalbyeak
(Fig. 1), Bighoms eantinued to die 21 o kigh rate
hrrrugh enid-Manch and some adull mortakity comtinoed
theveaph June: Low lamnbs survival was aleo appasent
thareaph July (Takle 7). Momality = (he Wenaba and
Mountain Yeew herds was not confirmed wnii] summer
and a1l af 1996,

Between mid-Movember |90 and July 1996,
sppeoxcimabely 120 dead bighoms were observed {in-
cluding those thai died in capiivity) and 207 morn wese
esiimaied to have died in the Hells Canyon srea (Table
13, Initisl morality was highest in the Black Buiie,
Washington herd and the kower Hells Casrvon, Oregon
berda, Laler montalily coecurred in the Mountain View
and Wenaha herds. Logses in other hends were light
(Tabile 1)

Bighorn shoep transfemed fo captivity survived
fior at Jeast 16 days, although masy exhibited sigas of
pocamonin (weakness and coughing) af capture. The
bighoms were orlginally separsted mo 4 pens, with
sheep capsured iogether penned together, On 14 De-
cember they were put 1ogether in o single pen. On 19
within 3.5 manihs, despiic subsequent separation into
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Tabie 1. Estimated Helis Canyon bighorn sheep nismbers, pre- and posi-disafl, 15§5-66.

il emmaE Hrg-hasd Boal-SoeT Mornigy %)
Bilnci Buse, VWA, 20 55 -]
Lovnr Heds Canyan, OR &b 25 ]
Upper Josegh Cresk, OR 50 b i i |
ME Virad, WA 51 18 [ 1]
WenohadLiost Praife ORAYA 120 &0 50
Lewwnr imanhe, OR 130 130 o
Uppar Hals Canyon, OR 20 0 o
Raedisrd, 1D &l LT 5
Lowai Hells Canyen, ID 5 24 i
\Usnor Helis Caanyan, I - 5 ]
TOTAL B 474 i

Table 2. Hells Camyon bighorn shaep survey information callecied during and after the 1095-68 apidemic,
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3 pens and nfensive ircatmeni with antibsotica, &4 of Washingtan bighors sbssep sel-punned and sehee-

the 72 captive shetp disd rom Meieunella mssiaated
phcEmonda.

METHODS

Bictween 22 Movember and 2 April, samgples
were collecled for discase and parssile evalustion from
niscty-seven free-rangang bighom sheep (Washinglon,
n=TT. Orepon, n = | &, Idaka, n = &), ncluding the 72

n

quently placed in captivity. Samples were also ob-
tained from 11 recemaly dead carcasses, 6 wick sheep
that were cuthanized, snd ¥ live sheep captured by
helicopeer pct-gunning ca dasting froem the ground
Swab samples for bacierial isolation were alio
collected from 6 domestic sheep, all on privale land in
Washinglon, Five penned domestsc shos oa & tribo-
Lary 10 the Grand Honds River were sampled on 3
December, and | demestic sheep penmed along he



Snake River, north of the Grands Ronde River was
on 22 December. Bacterial samples wene also
chiained from 3 fernl goats including the feral goat
engimally ohserved with the bighomn sheep ia Mevem-
b 1995, Two ferad female goats (remmants of § group
of domestic goats maging north of the Redhird bighom
shoep herd for sbowt 30 years, 5. McNall, pers.
comEmi ) were cepiared aed samplod on 13 December.

Maszl and pharyngeal swab ssmples were col-
lected For bacterial analysis from live animaly and from
carcasses, Swabs were mnalyeed of the University of
Idaho Caine Veterimary Teaching Center (CVTC) and
the Washingion Siajc University Animsl Discase
Dingnosis Lab (WADDL) Bacieria were classafoad by
baogroup al CVWTC and by serotvpe by WADDL using
standard tochaigues (Frask and Wessman 1978, Kilian
and Fredriksen 1981, Caner |984). Cyictoxizity ests
{ Silibow et al, 1990 were condocied on selected hacte-
rin smmples ai Washington State University, DNA
analysis of sclocted solases was condocied using res
sénctvon eneyme assay (Fadolph of al, in prep). Al
bacterial data repocted in this paper were collecied (s
the Meld.

Blood gerum from 72 bighorn sheep serially nei-
pened in Washingion was texied for anaplema
aniibodies. Samples from 20 madomly sclecied Wash-
imptom bigheres were snalvesd o the [dabe Stars Bu-
reau af Animal Health Labs ssd samples from 2 big-
Townes captared and treated in Oregon were analyned o
WADDL. Serobogic tesls wore conducted (br hie-
inepue, boving respiraiony sinsitial vines (BRSV) A
celia ondy, bondine viral diserhea (BYIY), epinoots:
hemorthagss discase (EHD), Leplospira spp., infec-
taous bovine thinotracheitis (TBRY, vibriosis, and pars-
infboceea -3 (PI-3) antibodics wsing standard toch-
nigques.

Masal gwabs (Vind Cultureiie, Becton Dickinson
Microbiology Syslema, Cockeyaville, MDY were col-
lected from 246 of the T2 net-ganned shoep for viral
evaduation (Cottenl 1978) at CVTC,

Mot bighom shaep wene inspested for external
parasites, including Mooraphes ovin (scabbes) and thcks,
Fioral exmples were eollocied and examined for imiesti-
nal pamsibes, including Eimerio spp. (coccedia), Mo
lodne spp., Montezia spp., snd Trichuwris spp. wbng
a sugar focal fMlotation technique (Foreyt |9%94).  Pres-
emie o bungwonm barvas (Profosfromgying Shilexd and
. rushi) was evaluated with 8 modified Bacrmann
iechnique (Beane and Hobbs 1983},

Bighom sheep transferred to captivity wers
treated with Sml axyterracyeline (LAZ00), Sml penicil-
lim {Flocillin}, and 2mi vermectin (fvomec) & capbarg,
Tieas highoen sheep will signs of respimiory discase (9
i Divegpesn and | in ldaha) were rested with antibaotics

and anthelmintics in the ficld 3 Febrasry - 27 March
1996, Scven of these (3 cwea, 2 young rasm) were ncd-
gumned from o helscopber, and 3 {1 fam and 1 ewed)
were dirted froas the ground. All were released at the
capiure siies.  Approyeniely §ion of medicaied feed
contaiming ieracycling, sk, race minerals, and molni-
acy was dropped from o helicopeer mear sick bighoms m
Hells Canyon Fanuary - March, Throe 23kg sl blocks
containing selenbum and 6-14kg proteln blocks oon-
[aiming ivermactin were also distribaied in Oregon

RESULTS

Becauss of the differoniaal mortalaty ol adull
s, 7% of the bighorn sheep sampled were femalbes,
and af the 93 dbsep whete age wikh tecorded, BO% were
under 4.3 years of age and 46%6 wre lambs and year-
lings.

Bacteriology
Paleiorella baclenia were fownd in 93 ol 97
bighom shoep samplod. Pastenrells was not detocsod
in 1 live gheep and 3 carcenses, possably dus to ficld

coniamination. Partewrella irehalos {also calied P
hacmalytica type T) was identified in 86 of 93 bighom
shoep wilh Pasivirelia (92%). Fosr bidgroups of P
Irehalosi were identifisd. A single biogroup (15) was
isolated in 91% (6%) of 75 bighomns where F. treholas
was classified to biogroup. . hoemalytéoa and
mmiliewicks were also molsted bul were less common (48
and 30 bighoms, respectively),

Pasteurella treholos scrotypes 4 (22 bighoms)
and 3 {3 highoma) were ddocted. The remaining M
frehalas] iolates agghutinated in sovernl aptiser in-
cluding 34,10, and 13, Fastenrelln haemalytica
baatype A, serabypes | (2 bighoms), 2 (1 Hnlml.!ﬂ
bighoms), and 11 (1 bighomm), were detected
remmadning unl.lulﬂhulnlmiin
severnd anfisers including 127811, and 15, Most
Pastewrella isalates agghatinated in mone than | anti-
3 or were untypable and may repeesent arganisma
uniqué to bighom sheep (Dusbar ot al. 1990). Durect
eros-referencing befween biogromps snd serofypes wa
not possible. [sobates classified as a singhe biogroap by
CVTC wore sometimes divided (mio different
by WADDL  Diber bacteria isolaied m the bighom
ihueep samples incloded Cloxtridinm perfrimpens, ©
sowdeiil, s Actimoomers ppogenes,

Pasteirela bicaype A was isalawed
from the & domestic sheep and the 3 feral goats.
Pesteureiln trehatosi biogroap 2 (a biogroup found in
5 bighom sheep) was isolaied from the 2 Iaho feal
oals and 3 of the domestic sheep. Fastenreila multo-
cidka wis esodated From the Waakington feral goat.



Cytotozkeity

Thiree off 24 bacicrin ssmples texsed were found
ko be cyletoase. These wers all P, harmaiidics bickype
A | was rom the bighom ews capiared with the feral
gou in Washingica 20 November, | was from a big-
bewm oz pouth of the Grands Ronde River,
Washingion 2 December, and the thind was froen (he
ingie domsestic shecp from the Snake River ssmpled
21 December,

DNA analysis

DMNA aradysis of selected Pasicuredls isolaies
indicated that P Amemolytica and . multocidkr
bacienin wore tasfirred betwoen ot least 4 bighom
shecp and 3 foral goats.  The Washinglon goal
observed of the ginrt of the cusbreak and a bighom cwe
colleciod with the goat shared genctically identical P
haemolytica and P multocido bacterin. Pastewrella
haemalytice biotype A in both Idabke prat masched P
haemiolytics in bighom shasp acmss e Snake River
in Washingion and bighom shesp over 45 miles 1o the
wenith and acroes the Saake River in Oregon. However,
everall, DWA typing did not identify & single comnsan
Pastenredio organism in the affecied bighom sheep
herds. To the contrary, in most cases Paslenrelia
bacteria tsodated from the bighom sheep exhibited a
high degree of genstic variation (Rudalph ot al in
prep b

Positive titers io 10 paibogens were identified
serologically indicating likely exposune (Table 3.
However, FI-} was the only vines deveciod (1 of 26
highoms evalusied). F1-3 and RSV titery increased in
captive snimals indicating continsed exposure (Humter
and Rudolph, unpubl, dats)

Insermal parnsiies detected are isted in Table 4.
Ticks (Dermocemior alfripichos and (Mo mepnial)
mmmmmhm

wire detwcted in BE% (50) of 74 sheep sampled and
lesiona wera abserved in G4% (58] of 88 sheg usamined

Treaimenis

Five ol 7 baghom aloep sei-gunned from a
belicopter and treated with antibbotics i the feld were
was not iollowed. Survival of bighom sheep net-
ganned, radin-collared, and treated was 83% (5 of &)
(Table 5). Overall sarvival me in the herd where
highcen sheep were treated {Lower Hells Camyon,
Orvegon) was estimaled at 31% (Table 1) and all 8
peevicasly radio-collared bighams ot treated in this
herd digd during the epidemic.

Thres bighoms darved froem the ground with
oytetmeycline died (Table 5), incloding 1 due oo
problems with dartmg. The effect of the medicaied
feed |5 unknown. Some bighoms apparcntly ats the
Feesd, bont proicin and sali blocks sppeared 1o be mor
palambde 1o bighom sheep than medicaied foed

DISCUSSION

Tt cause: ool this deeall appears io kave been
Pastrurell; - azsociated pncumonia. However, analysis
o the hactenolagy, viralogy, end pamsilology has not
vt revealed & pattern that would indicate how the
dieoll staried. Twpical stressors (Ward of al. 1596)
such & winler weathes, high lungworm levels, high
levels of human distarbance, of ovenpopulation were
net appasent ciors in this dicol. A wet fall had
produced betier than svermge forage coaditioes and

Tabie 3. Results of serologic tests for anfibodies o pathogens in selacted free-ranging Helis Canyon

bighom shaep samipled Docambaer 1085 - Mach 1098,
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Tabde 4, Irlemal
Movambar 19095 - 27 March 1995,

recorded in Rocky Mountain bighom sheop samped in Holls Caryon, 22

Far i Linis" n Topremance  Mean mbsmasy Poxsva fangs
Cocods ] 5 -] e lr;'lﬂ
Srongyes "y 51 Bl 18 1-74
Namatoding =] 5 43 4 194
Monmazia #pg 51 io a d-278
Tricherds =] 51 " i 1-3
Profoatrongyim ing & 50 & 1-28
B e e

* rpg = eggs per e of feces, lpg =~ ervee per gram of from

* e of bigharm aheenp hested.

Table 5, Hells Canyon bighorn shaop traated in tha fisdd, Fabruary and March 1998,

Dattrested  Sex  Age(ym) Capluretype Oxyetracycine Tylosin
(LA~}

Floolin  Wermactin  Sunéval
{Tylan)
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bighom sheep were m excellent condition af the sian of
the diecfT. The only potentially predisposing lacives
detecied were the: prevabenos of scabses and pousibly
the peesence ol Pl-3. However, the role of thess
Exctors, was hikely sccondary to pasicurcllose. The -
3 infection rale appeared o be bow and scabies bas
apparently been present in Hells Canyon bighom sheep
gince 1584 (Fonsyt e, ol 19940),

Circumstamtial evidence would immplicase the
fernd goat from Washingion, The timing of the
observatian of the gool ingether with bighom sheep in
the aren whene the epidemic stared jast prior 1o the
dasall suggedts caust and elfect 11 was demomitraled
that Pastrurello spp, wers iransfered betwesn bighom
eheep and feral goars i the wild A highom ewe asd
fernl ipoat shared genctically identical Pastenre/ at the
beginning of the cuibreak and ondy the bighem
showad sigms of pocumonia, suggesting possible
diMerential suscoptibility 1o the same bacteria. Oneg of
the shared bacteria was cytoloxic in e bighom and sol
in the goat. However, the directice of bacierial tramsfer
{bigham 1o goat or goat 1o highom| coukl nol be deter-
mined, nor were these bacterin common among the
bighoms sampled dening the opidemc, Therefone,

nlthough demesiic goais may pose o threat (o bighom
gheep, their mie in this disall eould sl be extablished

Removal of sick bighom sheep did not sop the
epademic, although it may have slowed the spread of
discase, Whiks bandling langs numibers of animals
allowed collection of moee disease-celated data than
wold have otherwise bocn possible, it has not yot
pravidad the infemation neadad (o detemine the chamn
of events leading 1o the cpademic. Removing bighom
did mot prevent the cventaal spread of the discase nor
dud of prevent the boss of the captured baghoen shesp.
Ratheer, the stress of capiivity and bandling may have
of groups with elinical siges of illncss from apparenly
healthy indivaduale maght have imcressed bighom
survival, however there would still have bem
reluciance 1o retem ey of these bighoms 1o the wild
bocsuse of [he potential thal they would be carming &
pathogensc Pasieurelli transdered in captivity.

Cwer g 4-month perice, the cpidemsic spread
approximsiely 40 miles from the initial outheeak,
despite & relatively paschy distnbution of bighom sheep
bn the area. The Snake, and posaibly the Imnsha Rivers
soemed b0 not s barmiens to the sproad of discase, even



theogh highormns mre known o crost bath e and
ficen both widey of the Snakes River, Although bighom
sheep across the Seake River in Idabo exhibited sign
of respiratory discase, inchoding coughing. no large
scale dseofToccurmed. Perbaps reluctance of highom
sbeep o cross the rivers diss ho high water kevels dusing
ke wnier of [995-96% protectied the [dabo and lmnahs
herds. A person hered 1o hame bighom iheep awary
from the Imnsha River may have also helped roduce
brghom movements in and out of the Lower Imnaha

herd,

Treamment of bighom sheep i the wild appearmd
12 be succsssful when shesp were net-gunned scrially,
Sheep thai were darted froem (e gromnd mey have heen
o wick io respond 1o trestment or drug defivery may
nist have been soccessful. This comroboraiss experience
in o previows dieoll i Ovegon where treatment with
aalibicdics increased bighom survival (Coggins 1988,
The 16 day warvival of bighoms net-gunned, treaied,
aned transfirmed io captivity ot the stan of the epidemic
lso sugpests trestment was cifoctive, although
epparcaily nol adequaie fo offsd problems encounicred
in captivity, Additional kesting of dnsg treatments is
warrnnicd. Treatmenis wene reganded positively by ihe
public, but capturing and treating individunl shoep was
difficult and expenzive.

Although relatively lanpe sumbery of highoms
were sampled duning ihe course of this epidemdc,
dade we harve bocm unable to trace the causative
agenbis) We bope that further analysis will provide
additzonal information and answer some of the
guestions raised during thas experience.
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