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Abstractt Betwoen 1976 and 1996 Rocky Momtaun highom sheep {(Chlr canadenas camsdemr) ol Hall Mourtsn in
eeribeasicrn Walsngion were exgilired snd specifle biolagical samples wene collociad for health evalualion of the henl
Sarmples fram 230 bighor shasp were colleciad doring the study and evalsaied for respiratony vineses, Pasieurelio spp.,
inieenal and svaeral parssites, mrsibdies o nespinsiony virnses, Amsgeleres spp. and Srverlls spp. Respriratony viruses were
ol dotocied during the study, although anfibodbes aguinsl parsanfluenza virus 3, bovine virs diarmbea virus and respirsiony
ayncvtinl vinm were deteciod sporadically, md four resciors to Brucenlla ovix wore deleciind. Pomiewnnlla hemodyvior wes
detected i all shoop ssmpled when semples ware codlected froen the phanyngeal anca, but was rese when sssegplod from nass]
snimes, All !, hormolynics polaies were bsotype T (sl called Postewrells treheload), and were prisarily seootypes T3,
T4, T34, end TIA 10 Inbernal parasite pumbers were low hised on fecal evaluation, Paoropies spp. mibes were pol
detectad on ey shoop, mnd tcks ware woommon. Rempiraiory distase was nol obsorved ¢linically duning the 20-vear study,
and enimals appenned clmcally healthy. Duning the shady period, 5 bughomn sheep were tanshocaied (o other aress &
Washingtom e Oregon, several bighorm sheep migrated into Canada and formed 8 new herd, and 14 montalitses were
confirmed.  Beghorn abeep i 15e Hall Momtsin population have nol had known conlact with domestic sheep of olher
Irvestodi, epe fiod ut a feod station in winler, snd are dewormed during most winiens wilh fenbendarobe or ivermestin in feed

Wie bebeve the noults of ihas long-tomm study represent herd health parameters charsctenstic of & proactively

SEplanois. _
managed herd of healthy bighom sheep.

B ghaowm shessp (O coamadienais) are suseeptible
1o rumerous disesres that can affect their well-being
and survival. Monitoring populatians of bighom sheep
fior specific health parsmeiers can provide a basis fior
determineng the healih status of (he population ia terms
of predicting population survival and growth, asd
suitability for wransplang sock. Between 1976 and
1995, we monitoend a bealthy herd of bigham sheep
an Hall Mountain (480500, 1 1701 5W) & nonhes-
ern Washimgion for specific diseass parametens. To
oar knowledge, this herd of bigham thoep hes never
had signs of infectious diseases and has mol experi-
entod excessive moralities, The purpose of these stud-
i3 was b0 document the presence and prevalence of
ppocilic discase agents in o herd of bighom sheep
dhrcugh ihe we of physical ohtervalons asd siab-
lisked Isbomiory iocknigues.

We thask the husdreds of entlssiastic velerinary
students wh have participased in this study ever the 20
years. 'We also thank the nsmercas personncl from the
Washington Departmsent of Fish od Wildlife, Unéted
States Fanstt Senvice, and waldiife groups who assisted
in the sudy.

History of ibe Hall Mountain Bigharn Sheep Herd
Iis 1972, 18 Rooeky Monntabn bighamn sheep
{Evix comadensis cancdenis), inclading five rms and
13 ewes, were transplanted 1o Hall Moantain in north-
eastern Washingion from Waterion Lakes Natsanal
Park, Alberta, Canada (Johnson [983). The onby addi-
tioe 1o the herd since the original transplant has heen
twa adubt ewes from Wildhore [ilend ca Flathead
Lake in Montama in 1981, A wister foeding sestion
wis exiabiisked ai Hall Mountsin from which the wheep
are fod alfalfs hay and alfalfs grain pellets. Mineml-
izpd block salt is svailabde =t all times, and anthelmin-
tic medicaied feed blocks or pellets are provided during
most winters. The bighom sheep at Hall Mountain
have never bocn hunted, and are gencrally accusioemad
I tha presence of humasd, The Hall Maountsin berd is
& tomrist aftraction, and husdreds of people visil the
coninies approximately 33 ankmals (Tabls 1)
Between 1977 and 1993 a toeal of 85 sheep
were translocsted from Hall Moustain io other arcas in
southeasiern Washingios and northeastern Oregoa in
instiats mow herds or supploment existing herds. Same



initintad m new herd near Salmo Pass, which curmesithy
oumbers approximalely 25 shecp. Although them i
some intzrchange of shesp between the Hall Mosniain
and Salmo Pass hend, the imterchange is minimal A
total of 14 known mortalities have been recorded in the
Hiall Momntain kerd during the 20 year persod. The
deaths huve boen sttriboted 16 cougar predation, illegal
bunting. caphure myvopatn and uknown causes. Fope-
Istion nambers, lansh-cwe mtios, and eramslocated
sheep are lisied in Table |.

MATERIALS AND METHODS

Bighomn shaep ai Hall Mouniain have boon cap-
purcd by diferent methods. Imitszlly, sheep wore cap-
tared in groups with @ drop net afier haiting the anca
umder the net with alfalfs hay. A permanent cormal teap
vk constmeched in 15983 1o capeure the sheep on 8
yearly basis, Sheep were ateracted into the trap with
alfafa hay and alfalfa peflets, and when a sufficient
number were inside the trap, the door was pelied
chosed. Sheep were then forced through an small chule
whenz they were restramed phosically, To facliaie
handiing, some farge sams were given. 100200 myg of
xylarine wsing a jab stick, while other rmms were hazsd
inio 0 drive net and ihen restrained plnuically. Soms
very kg mms were relensed witkout being sampled
dug 1o human and asimall safety concerns. Following
bine a8 (he reversal drog.  Less than tes aheep ales
wene capiured By haxing them ingo a devve net, of by
immichilinng them with xylazise sdmimisiered from a
ennquilizzng rifle or pesiol. Afier sheep were restrain-
e physically, the fallowing medicaiions wee given:
ivermectin (lvomes, MSDAGVET, Rabway, Hew
Jerery) a1 0.2 mp/kg body weight, 5 oc of long adling
penizillin (Flo-Cillin, Fort Dodge Laboratories, Ine.,
Symacuse, Mew Youk), selenium ard vitamin E (B0
SE, Shering-Plough Animal Health, Kenitworth, Hew
Jersey) at 1 oo pex/25 kg body weight, and 2.5 ocofla
T-veny clostridium vaceineg (Fermicon T Sommsgen,
Missoari),

Between 1976 and 1996, bickogical samples for
evaluation were collected from 230 bighoem sheep
(Tables 2-4). While the sheep were physically or
chemically restradned, approxemaiely 5 grams of foces
was collected from the rectum, and 10 mis of blood
was obinised fremn the jugalar vein using an 18 gaape
peedhe and 10 of syrings, and then tranaferred o 8
Vacutsingr blood collection tube. Nadsl swab sampls
(Wiral Cubturee, Becion Dickinson Microbsology
Syatems, Cockeysville, Maryland) were collected for

vinu isolatica, and nesal or pharyngeal swab samples
{Trassette, Spectrum Labaradorics, Inc., Houston
Texas) with charcoal Amics modifiod modia, wene
eollecied for hacterial isalation. Cotton tipped svab
samplles were collected from cach car for detection ol
mises, and skin and hair wene examined grossly For lice
and ticks. Sex and ape were determined on cach sheep
while they were restrained.  Most gheep have boen
given large plastic car tags for identificaticn, and in the
L=si two yeam of the stady, sheep have bocn emplanicd
with a micoochip (AVID, Norco, Califtmia) in the
cartilape af the base of oo car, and a second microckip
in the subcutaneous tinsues of e nock.

Tz bliood tubes were placed in o cooler comtiin-
ing boc for rmnsport io the laborsiory. Adber conirifiga-
ticn, the scrum was withdrawn, placed in 2 mi plastic
wials amd Frocen a2 <200 until it was cvalusted for
antibedies to paminlluenea 3 virus (P13), mfoctious
rhimotracheitts virus (1BR), bovine virus disrhes vine
(BVD) and respiratory symcytial virus (RSV). All
wemlogical anakyses were done at the Waskingion
Animal Disease Dizgnostic Laboeatory (WADDLY),
Pultman, Washington, by stendard biborioey testn. All
wanb samples collected price to |95 were tmnsporied
o the: [aborstory i ice; however, since |99, swab
samples for bacteria isolations have been placed in
phosphate buffered ghveeral (Forevt and Lagerquist,
1554} and transporicd o the laborsory on dry ice.
Within 24 hours of callecizon, swab samples for bacte-
rial isolstion were sinsaked onio sheep blood agar
platzs for tsolation of Pasteurells spp. Suspected
cobonies of Pasieurella spp. were identified based on
morphalogical charscieristics (Caner, 1990, Bio-
dieseribed by Foreyi and Lagerquist (1994), Swab
gaemplhes for vine molation were snoculated onto ovine
embryomic tracheal cells (Amencan Type Cublure Cal-
kection Mo, CCL 44) and bovine turbirase cells (Ameri-
san Type Cubture Collection Mo, CRL 1390) for two
pazsages af 10-dey inservals and were examined daily
for cytopathic effect {Castro, 1992). Additional speci-
mcha wiere teated e resperabony syncyiial vinos by nse
of solid [Abbott REY
EIA, Abboti Laboratories, South Pasadena, Califior-
nia). Esr swabs were tramsported in glass blood collec-
o tubes and examined in the laboraiory for males
using a dissecting microscope with 20 1o 40 magnifi-
cation. Ticks and lice were placed in glass hebes and
idenilicd laler in the labominny nsing a disseeting
microscope wilh 2010 40X magnification. Fecal mm-
ples were evalumed for pamsiie eggs and ooy by the
sugar flotaticn lech-migue (specific gravity of 1.27) &
described by Foreyt (19597), Feces also were evaluated
for lungworm larvae using the standard Baermann



ieehmigue (Beane and Hobbs, 1983). Mumbers of
eggs, 00cysls, and larvee per gram of feces were deter-
mimesd,

RESULTS

sheep in the Hall Meantain herd are listed in Table 1.
A total of 230 bighom sheep were capuned lor ssmple
ooflection befween 1976 and 19594, with mos! captures
oecuring in December ol each vear (Table 2-4). One
sheep died during capture, and fomr shecp dicd within
24 hours of capture. probably from capture myopathy.
Blorwoen 1576 and 1993, 23 bighom shoep were ne-
meaved from the herd as tramiplant stock 1o other ancas
im southeastern Washington and noribeassern Cregon,
Sorology results are lined in Table 2, Antibod-
ies b the vinzses PO, BYD, and RSV were detected
over ihe experiménial period.  Antibodics wens not
detected for the vinuses [BR and BT, Angibodies 10

Table 1, Bummary of snmual bghom sheep populiaban al Hall Mounlain.

Brucelly ovis were detected in 5 of 82 (6%) sheep
eamples, and mnitbodics to Aamplarma were detectad in
10l 17 (39%) of the sheep lested. Vinisss were nol
detecied in 6= of the chesp ssmplad.

A sumenary af FPasiewrella haemolptica moov-
ened [rom phanyngeal swaba between 1991 and 15946 is
in Table 3. Pasiewrella haemolytica biotpe T (=
Parewrella frehelon) were meovered from all shesp
gampled (Table 3} The most comsnon seTolypes 1ecoy-
ered were T34 (33% of the samphex), T 34,10 (19%),
T untypeable (16%) and T4 (11%) (Table 3), Eight
additional serotypes (21%) are hsted in Table 3. Pas-
fewrelia madtoeioks was rcoversd from phanmpeal
wanbs fom four sheep.

Parastie eggs. larvoe, and oocysts are lisied in
Table 4, Profastreagylur larvae were detecied m 124
afl 120 samyples (5636}, mean intensity of & larvae per
gram of feces, Coccidia (Eimeria spp.), Neratodirus
sp. mnd Trichwris sp. were rocovered (rom 2%, B6%,
and 66%, respoctively, of the sheep evalusiod. Other
parasite cggs detected imchuded pinwonm, Skrobimems
avid, in | of 192 sheep, tapeworm,
Mosieria sp. in 3 of 192 sheep,
stroagyles in 6 of |98 sheep, and
Capillaria gp. in 5 of 198 sheep.
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Dorsal spaned Larvae computible
with Farelaphostromgyiis sp. were
detecied in 4 of 220 fecal samples.
Althcagh gicks were nod
specifically searched for on all
sheep, ticks wene recovered from 14
of the sheep caphared. Dermoceniar
iL albipictus, adubts and mymphs, was
the emly tick recenersd. Esr swaba
for mises (Praropies 3p.) and ear
i® ticks (ot megami were negative
fow 103 sheep. Grosa observations
on all sheep capiured dad pot reveal
Tesions coenpatible with mange.
One: lomme, Linognotius sp., was
reeovered from one sheep.

DISCUSSION

Results from this survey
establish heabth paremetor data for
this hend of healthy bighom sheep.
Easced on sl observations, andmals
numbers and composition, and

Firt released Dic2lih dlaia collected, it appears the

"E=mm, E = cwe, L. = Lanh
* Bl peconded

Hall Mountain berd of bighom
sheep bas romained healthy gince the
instiad transplast in 1972 Bo



Table 2. Sumemary of semlogy results froem Hall Mountain bighom sheap (1878-1586),
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viruses kave boen isolated fom this herd, although &
Tow astibody prevalence egains three of the respiralony

viruses, P (12%), BVD(I%), and RSV (<1%)

indicace thai exposure to b virses has oocumed.

The sagnificames of the high prevalence of Aae-
plasma wp, in this kerd of bighom shoep is unknovwn.
Alibough snaplesmosis in wildlife penerally produoes
oaly amild discase (Thome ot al. 1982), experimental
enficteons of two captive bighom sheep with A, owvix
have renalted in severe clinical dissase, indscated thal
free rangeng bighorm shoep muy be sdverscly alfecied il
exposed 10 the organism in natwe (Tibbiis &2 al. 1992).
Recoverod animaly can become latent carriers, and may
serve 3 naturnl rescrvoiny for amaplasmosis.

Five of B2 (6%) of the sheep had & Brucelle
ovis tiber of >1:10. 1t is not known at this tme if these
ey indicate actual exponse of infaction, or e coss
reaciing with other organisma, Alithough repeoduction
does not appear affected i the Hall Momntain herd,
Brucello serology, isolstion attempts for Mrucele sp.
froem tisswes, end chservanions of lenb sumbers thould
be continsed in the future io determine whether 8. oviy
is present withis the herd, or whether these four
reaciors ane false positive reactions.

Prior to 1991, only masal swabs were calbecied

for thelothon of Paxteureile spp., and Patewrells
ipp.wore ool isolated. Smoe 1991, phanmpes] ywabs
have been collected from each aninal and /. Aarmo-
ivtiva has boen isolated from every snimal sampled.
Partenreila havmolytiog liotype T b commonly
isnlated (rrem healiby bighom sheep; whereas biotype A
izalabcs are ehccimman m healthy bighom shesp and
are more frequently sofased fioen moribund or dead
bighoms (Foreyt 1994, Silllow et al. 1994).

The relsiively high prevalence ol coccidia,
Nematoadinug gp., Trichurir sp., and Proforirengdic
&p., which has been cossisient (heoaghomt the study,
sppears b have no detrimental impact upon imdivideal
arimady and fherefbre the herd as 8 whole, Fenben-
darole or ivermectin medicated foed blocks ar pellos
bane: been available at the feoding station dening most
winiers, and have boen consumed by most of the sheep
present, Al amimaly which are capsured anc given an
injection of ivermectin, which is cifective against most
gastroeniestinal and external parasites, but nol proto-
zoan pamsites, inchuding coccidin. The goal of de-
wenmmning shoep through use of anthelmintics on o yearly
bl s this berd ks 10 prevent an incroasce in parasiaes
thast could resull im climical ceces of infisctwon.



Table 3. Sumemary of Pesteurslla haemalybica recovery fram pharyngeal swabs collocted from Hall Mountain
bighorn sheep (1991-1998).
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There have boon o observed discase opisodes The membser of animals a1 Hall Mowsinis has dachined
amaong this hend of Rocky Moumtsin bighom shesp s the past several years bocanse some sheep have
Hall Mousvinin since the initiation of (he berd in 1972 emigrabed north into British Colusnbas, and a tots] of
Clinical discase has not been observed im existing herds 85 shoep, espocially nature swes, have been removed
that have received bighome from Hall Mountain as firom the herd as iranspland stock. Therefore, additional
watrsplant stock, o i rocemily indiated herds that remaval of bealthy theep from the Hall Mowntain herd,
originated from Hall Moustain. The continsed good ~ based oa documensed herd health hisiory, is likely
health of the current herd of bighorns & Hall Mounsain -~ when the berd buikds 10 an scceptbly higher number of
woald support their wse as healthy transplant stock, Enimaly



Table 4. Semmary of fecal evaluation far parasies of Hall Maunisn bighoem sheap [ 1876-1558).
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