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Absiract: A dudy was conducted in 1992-93 o delermine the parasite foad of an esiablished highom shoep herd locaied
it the Highlasds asd Edst Prondstr mountiis ranges in soitiwesten Moelasa, in order 1o estumale e potential impact of
parasitizm oo the health of the berd. Post-moriem examination of 32 hunter-killed ansmals enabled determenations 1o be
ruscde af the numbers and typea of helminths and Proteess present al necropey. These datn were ased to evaluate relative
levels of nfection and year-io-year fuctuations i paresitism.  Foety-five fecal samples fhom these sheep, as well as 33
nmplﬂ&mlmﬂﬁn;ln.pﬂn‘ulfn’mh:ﬂiﬂ;linmtm win the Bscrmann el mexdifed Lase Dotnlson
tecknigues for additional evidence of the cceurrenes of parasites ol tse respiralony and gasiroimicstinal tracis fn @ bighom
population cemsidered o be relatively healiby, Sevenieen specics ol parawics belonging o cighl genem were [dentifiead
chiririg the enerse of the sudy, incloding len nemeEinde, two cesinde and five prolceoan spesies. Coocidia (Himeris ahimis,
£ fawrel, B imbrcok, £ ovire asd B ovimeidali) ocasmal commonly & mixe infoctions of ke inbensity, Averaje counla
af protostrongylel hmgworm larvees were 107 £ 1533 LPG in 1993 (u=19). The group of 15 sheep captured for
awplantng i 1972 had an everage lungworm cutpat of 21,8 £ 74,1 LMD, There weré po sigmaficant differemoss itwen
any of these langworm larval shodding rates bocause of the high standard deviations.  Ome xpecies of sdult cextode,
Wimanmimbar feford, Wis necovered Brom the livers of pine sheep, The lungs from 50 animals harbored mesn Profosiromdug
populatens ol 34 46 m 192 and 3.1 £ 5] = 1993, In sddition, mved gastroinicstine] nemsiode populations conxisting
of Oarertagia trifurcate, O sstertagi, Mematodirug abnormalis, N dovitand, Chabertta ovina and Trichuris spp. were
present ko mambra dhaning, both yesrs, with all infections conaisiing of fewsr than twenty adult wonmna per enfmal. The
abomasal nemaiods Warshallagio morghell] was the only gesiroiniestins] parssite thei ocourmed ai lkvels sugpestive of

pedsible claseal parssiism, with averzges of 234 and 114 worma per sheep o 1990 and 1993, reapsciively,

The eriginal Highlands bighorm sheep hend,
bocated in ithe and Easi Pionesr mountnin
ranges of southwestern Montana, disappeared in the
carly 1900's (Coucy and Schallenberger 1971), In the
late 1960, an effort was made to re-2stablish this herd
theough two tansplants of bighom sheep from the Sun
River herd. The first reintroduction, consisting of 27
animaly, ook place in 1967, This waa followed by a
second transplant of 31 chesp in 1962 (Couey and
Schallenberger 1971, Janson 1%74). Both groups were
reicased into the Camp Crock druinage of the High-
knnds mountain range.

Even though this re-cotablished herd has been in
existence for over 25 years, limited information iz
avalable about its current sioe, parasiic load and gen-
cral health stntus,  Further, no information is avadlabbe
on whetheér the parmsile load ks sable or incrcasing in
ihis population. Information on pamsiics coald be very
impowtand, a3 Thores of al. {1782) belicve that large
populations of bighom theep are mone likely 1o con-
tract discase and'or pasasites than small populations. Ti

has aleo been docyimentad that many bighom die-olfs
ooour in populstions that appear to be thriving or have
reached or excocded the canrying capacity of their
range. In addition, this herd may eventually be affecied
by the pocsibility of the BLM lssulng & permdt 1o allow
four sections of public land, in end around bighom
winler mange and rutting grounds in the westem porion
of the traditional mnge utilized by the berd, 10 be graz-
ed by domestic sheep, This would allow for the possi-
ble ransmission of discase and pamsitcs from these
domestic sheep to the bighoms. This acticn has been
delayed until an ongoing study of the Highlands big-
horm sheep hend's feading and migration halrits has
been comypleted.

Duning the present study, hunter-killed bighomn
sheep were examined in order 1o detemune the members
and types of pamsiles present in the Highlands popula-
pon.  The presiesi advantage in using hunier-killed
shecp in a stody of this type is that o large sample can
be obtained in a short time from widely distributed

arcas without arousing public animosity (Hunder and



Pillmurs 1954). These data were also aiod 1o deters
mibne il there is a relationship between population size
and parssise loads, The Lagter is based on a procedure
For uging parsgite levels 1o eatineale range wbilization,
herd densities, and other health-related factors in free-
maging ungulnte populations. This concept has been
izsedd 10 correlale parasite intensity wilh s bealth sin-
e of white-tailed deer herds in the somhwestem Lnit-
&d Staies (Demarals e al 1983, Eve and Kelloge
1977, nnd is wsed routinely to infer n relationship
between the sive of doer herds and available fompe
{Degter 1983), The concept of using parsite levels,
eepecially lungworm (Provostromgedus spp.) and stome-
aeh worm (Marshallagia) bundeans in bigham sheep as
indicators of the balance between herd size and avail-
abile renge has been propesed (Worley and Seeges
178, 1992

The asziztanes of Floyd Seeses in the sollsetion
and identifieation of spocimens and Mike Frizina and
Joi Welipand fior their conpermtion in ohiniming bighom
viscern is grabefully acknowledged. Thanks anc also
eyiended o the Montana Chapier of The Foundation
for Monh American Wild Sheep for thetr penenoas
fimansial suppoe

ORIJECTIVES

The chiectives of this shudy were fo 1) Identifi
lang and gaswoinicstinal parssiies presem in ithe High-
lands bighorn herd, T} Extimate the average level af
lung amd gastroniestmal parasite mfeciions present m
the herd; ) Identify potendinl trends in the level ol
parasise infection in Highlands sheep herd; 4) Deter-
mina if there is a comelation between sex, age, andior
level of precipitation and bevel of porasite infection in
the berd; 5) Identify potentinl relationships betwesn
bighom sheep popualation size and level of parasite
infection in the stady herd.

ETUDY AREA

The Highlands bighom sheep herd s located
primarily within Montann Humting Dristrict 340, This
district encompasses 235 km® with clevaion mrging
from 1593 m along the Big Hole River 1o 3108 m on
Table Mountain in the Highlands range (Weigand
1594). Land gwnershap 15 8 combination of priveie,
Buresu of Land Management (BLM), Forest Servace,
and state=owned pancels.

METHODS

Paraase snmpling of hunter-killed sheep in HD
340 was seconiplished in the following masner, Lists

ol permit balders for the 1992 and the 1993 hunting
peasons wene oblined from the Momtana Depanment
of Fish, Wildlife and Parks (MDFWP)L The MDFWP
Regional Supervisor for Region 3 sent a lefter request-
ing 1he coopemtion of sach permil holder in the collec-
tiom of mn incisor, lungs, Hiver, and gastromiestinal et
of cach hunier-killed sheep for use in this shudy and
that of ansiker Meoninna Seate Univessity pradante
studeni. A copy of this letter, along with a collecting
kit, was sent 1o each person on both the 1992 and the
15993 permit holder lists approximalely one (o two
wesks prior (o the heginning of the highorm Buntmg
scason (which beging om Seplemnber | and ends on
Movember 20, Each collsating kit zonsicted of one
coin envelope for the siomge of the incisor, one (1992)
or two (1993) large garbage bags for the starage of
requested organs, one pair of disposable gloves, and
ane tag for identification of hanier and other pertinent
infrmation such as date and lecation of kill and sex
and age of shoep, Manila identification tags wene aed
i 1992, bul, upon recespl ol specimens, if was discoy-
ered that maistire had obscured much ol the infome-
tion on some of the isgs. For this reason Tyvek tngs
were mead in 1993 and amy infsmation ineluded vas
writheni on the tag with a permancnt marker prios o the
inclusion of the tag in the collacing ki, This messurs
allowed for the collechion of sex and age information on
a greater number of sheep in 1993

Each bighom cacass ihal was received under-
weni a thorowgh posi-maonem examination. The fecal
samples obiamed dunng posi-moricm examinations
were annbyzed in the lob with the use of the Basrmann
men contemis wers removed and frozen for cmmination
in another project. Liver specimens were collocted and
froeen and are now being tested in o DNA analysia
study, Any porasites recoverod from these hunter-kalled
sheep were then counted and, when possible, their
ihen wsed 10 determime the intensity and Lypes of pars-
aite infections present in the resident Highlnnds shoep.

The age of cach bighom was determined in ons
of throe ways. Furst, some of the sheep wene aged in
the field through mandsbular toth replacement and
wear and through annulkar hom nngs by an M5U grado-
wic smadent ar a MDEWT emploves when the animal
wiik collecied fram the homer. Second, records of all
hunter-killed bighom mms are kept by the MDFWP.
Thvwese records include the age of the mm, as well as
other infarmation such ns date and locstion of kill,
Since the name of the humer was known for some af
the ram gpecinkng, the MDFWEP reconds wese con-
sulted to verify the age of those s Finally, the
original leter st to cach hamter requesiad the collec-



tion of an incigor, The inciksoes that were rceived were
senl 1o Matson's Laboratory, Milliown, Montana, for
#ge determunation utilinng the cementum age analysis
technigue. These age dais wer laoier anabyzod in dater-
mining the presence or absence of an age/parasite load
comelation for the Highlands bighorm sheep herd,
usang the ULS, Department of Agriculiare, Soil Conser-
villion Service's Centralingd Forccast System (CFS)
Crperational Daiabace bocabed af the Wiest Mational
Technical Conder in Portland, Oregon. Some of the
major data types containgd in the CFS include smow
course measwremenis, SHOTEL-iclemeicred sensor
valacs, Mational Weather Service (WWS), and NOAA
elimale station data. Theso data ivpes provide such
data as snow water equivalent (i, waber conlent of
snow pack), curment and histoncal precipitation, and
currenl and historical air tempertures. The SNOTEL
compuler polls remole telemelry siles, files site data
fe. g snow water equivalent. air temperafe, precipis.
tion, and soil lemperaturg), and produces special re-
ports of site conditions. [n sddition (o the peecipilation
data that are collocted at each SNOTEL site, the CFS
ks inchades monthly precipitation data that sre cols
lecied by the Mataonal Weather Service (NWS) and
Inaded imto the Operational Daiabase (ODB). All data
in ihe CFS arc formaiicd inio & wier year perind which
nuns from October to the following September (SCS,
1988). Specific site infarmation such as locatkon, ele-
v, oo, &t well as dinta which were down-loadad
from the CF5 computer are included in Table 1.

Post-Mortem Examination Procedure

The post-mortem protocol used was similar 1o
thait idescribed by Thome et al (19823 and Worlsy snd
Sepaee (19ER). Esch specinsen was (bret rinsed mnd
then scparated into its major parts (lungs, liver, aboma-
wum, small intestine and large inesting), afier which
cach organ of Lssias was examined for any abmormali-
ties and/or parazites.

Liver

The liver was examined for the peesence of tape-
wormes andar liver Mukes  [ndtially, ihe liver was ax-
amined exgemally for any nodules or lesions that meary
have been coused by n parsile, Any such deformitics
were removed and preserved in glveerin-specimen vials
in glyeerin-alcohol, Al a later date, these tapewomis
were cxamined with a dissecting microscope 1o deter-
mine their identity,

Lungs
The lungs were examined in detail for the pres-
e of langworms: (Profosfrongying spp.). First, they

»

werg examined exiemally for any nodules or lesions
which could have been cawsed by parasies. Any such
abnormalithes wone excised and preserved in glyoerine
alcabol for further examination. The lumgs were then
ihoroughly washed over an B0-mesh screen and all of
the mujor sir pnzsnges were opened with scissors,
Again, the lungs were washed thoroughly to remove
a1y lumgworms that may have been present in the nir
passages, These washings were ihen examined inoan
illuminated tray with an attached magnifving plass. All
suspicious matenial was tansferred 1o a petrl dish for
examination with a dissecting microscope 1o confirm
thedr identity. Al nematodes wene stored in glycerin-
alcohol until they could be examined in detail.

The washed lungs were then cul bivo one i bao
inch square sections, placed in & ane-gallon container
of tap water, and placed on a mechanical shakoer for
approximaiely 45 minuies to dislodpe any nematodes
which wene located in the lung parenchiyma, The ling
sectiong and washings then were tharoughly rinsed over
an B0-mesh screen. The lung tissue was discarded, and
the washings were examined in an tllaminated tray with
a magnifying glass pitachkment.  All suspicious maierial
was removed 10 a water-filled peini dish for examing-
tion with a dissecting mbcroscope 1o confirm their iden-
tity. All nemaindss were stored in glveerin-aleshol
until they could be cleansd in ghveerin and examised
microgcopically, Utilizing Honess and W inter ( 1956),
Theme et al. {1982, and Bocv (1984), the species and
sex af each nematade was determined whensyver the
parstite matenial required for identification was niace.

Gastroiniestinal Tract

The gastroimtestinal tract was separated it
sbonssgem, dmall intestine and large miestine. The
sontents wene removed from be ramen and Frocen, afler
which the remen was discarded. All fa1 and cxcess
tissues wene remaved from cach séction and examined
carcfully 1o detect the presence of any Larval tapeworm
cysls. Cysls recoverod wero then crashed i 2 waler-
filled petrd dish to relesse the larva for examination
with a dissecting microscope. A fsal sample was
taken routinely from the rectum or large intestine and
snalyzed using the Basrmann and modified Lane focal

An coterciome was used 10 incise, wash, and
scrape each section of the intestinal tract simuls
tancously over scroens (Biesell and Ciordia 1962,
Davis 1944). The ingesta were thorowghly rinsed over
these scroens io nnse away much of the exoess soluble
debris, The screen sizes used wene: 60-mesh for the
abomasal contents, and 24-mesh for the large intestinal
contents.  All washed ingesia were placed in jare and
mixed with tag waler, A small amount of 1084 forma-



lin was then added to cach jar to preserve the ingesta
prior o microscopic examination. For idemification,
viorms were placsd in a drop of ghycann on a mcno-
scope slide with o coverslip and examined with o ight
MAGTOSGoPE,

Basrmann Technigue

A modified Bacrmann procedure was used 1o
determing the number and relative concentration all
lungworm (Promstrompdur spp) larvee shod by cach
animal (Dinaburg 1942, Beane and Hobbs 1983),
When possible, a focal samplc was removed from the
roctum of cach sheep duning the posi-mortem cxaming-
tion I the roctum was nol collected, the fecal sample
was obiained from the most distal postson of the large
imtestine that was ovailnbie

Muodificd Lane Fecal Flotation Technlgue

The modified Lane fecal Notation procedure
dovelopad by Dowhirst and Hansen (1961 was msed
routinely to recover nemalode ova and protozoan
oocyss from raminant feces. This apparaiis consimned
ol n plass centrafispe tube into which fecal material was
mixed with & small amoant of A saturmded salt solution
This mixture was stirred for 1 to 3 minuzes to break up
the fiocal pellets. The mixture was then tunsfermed
through 8 amall seveen into o chean centrifugs ube.
This ube was then filled with a saturated sall solution
until & alight bulge se positive mendscus formed. A
cover-glass was then placed on top of the tube, and the
apparnius wat lefl alone for spproximately 10 mimstes
to allow ova bo rise and ndbere (o the underside of the
coverslip. The coverslip wae then Lifted fram the tube
and placed on & clean microscope shide and examined
under a light microscope 1o détermine the lype and
mumher of ovn and oocysis present (Thome e al
1983,

Buatigtical Tests

For the purpose of conducting statistical ests on
the data that were collectod, some basic assumptions
were madle. One, the samples were assumed to be
mandom samples, o that each individual bighorn sheep
in the Highlands herd had an cqual chance of being
imcluded in the sample. Sccond, it was assumed that
each sample was independent and nepresentative of the
whole herd.

Sutistical tests for equality of two population
msans were based on techniques for both normal popu-
lations with equal variances and large samples from
arhitrury populaisons (Meter ot al 1985). The comman
f=test was wsed for comparing nomal populntions with
equal variances. The Z-test was used for comparing
large samples from arbitrary populations. This test is

based on the assumption that the sample sizes are large
enough so Ut the estimaled standord deveations of the
sample means are roeghly cquivalent 1o the nespective
purameters. An F-{est for lesting tbe equality af vani-
ance was wsed 1o determine which of these two tesis,
fior the means, was appropriaie. The method descrilsad
by Meler el al. (198E) was wod for analyzang the differ-
ence betwesn (wo popualation proporions

A, stalistical tesl for determining the didlerence
between two populntion means osing maiched semples
was emploved for mnalyzing precipitation data. This
method simplifics to the analysis of a single population
MEAn using & commaon 1-test (Meter & al., 1988),

The statistical test employed for delermining the
relationsbup betwomn a dependent vanable (e g, LPG)
and oo or more independent variables (e.g , bighom
age) was based on & one-way analveis of variancs
{ANOVA) model, or P-est (Neter ot al. 19E8),

HRESULTS

Helminth Parasites

Worm parasites recovered from the Highlands
bighomn sheep hend included Woomiia fefomi, Prodo.
strongylus rushi, Profastrongydis siilesi, Marshal-
togia mureshalli, Osteriagia oxtertag, Oxferfagia
friflircata, Mematoding abnormalis, Nemalodirs
davtiond, Chaberifa oving, Trickeris spp., and cysts of
Taenla hydatigena, Duly M. morihalll eceurred in
significant numbers in the 32 sheep exnmined b this
wimdy, The average annual infection parasite intensitics
of all ather parasites were less than 20 worms per
sheep, Mean infection levels in 199293 e summa-
rized in Tables 2 and 3.

Liver

Examination of the gall bladder and Wile ducis of
51 sheep (30 in 1992 and 21 in 1993) led 1o the tecoy-
ery of only cox parasile; Wyomind felond, This ces-
bocde wan first described by 1.V, Scott in 1941 and has
only one known hast-Chis camadersis {Scott 1941,
Thome et al. 1982). This parasite was recovened in
very low numbers (1-2 per sheep) from 2 of the 31
Hvers cxamingd, In addilion, & common £-test showed
that there was no significant difference belween the
1992 and the 1993 infectson levels, T-lesis also show-
od that no commelaisen exisied botween inpeworm infec-
tion heved and sex off sheep in cither year. The identifi-
cation of a trend in cestodes lovels requined st o leass
ihree sets of data be compared, theselore, no such anal-
yin was alicmptod,

Ny evidencg of liver Mukes was seen during
post-monem examinations of any bighom sheep speci-
mens. Liver lesions recovened from two sheep speci-



mecns in 1992 were analyzed ai the Department of Live-
siock Diagneostio Laborntory in Bozeman, Momtana,
Lesions consisied of abundant fibrous connective tie-
suc. Ome of the specimens also contaimed dark pig-
msent, & reaction congictent with the presance of liver
Mukes. However, no adult or larval flukes wene found.

Lungs

The hengs from 30 sheep were received in 1992,
O these, 19 contained parasites in gither the air pas-
sages or lung tissue. In 1993, the langs from 17 shecp
were received, twelve of which contained pamsites. All
aof the recoverad lunpworms were identificd s cither
Frovssirongylios rushi, which lives i the air prssages,
ar P, sitlexs, whach inhabits lang tssue. The avernge
infection rate per sheep was 3.4 £ 4.6 (n = 30) in 1992
and 3,1 = 5.1 (n=17) in 1993, Worm counts probably
were nol &n accurale rellaction ol ol warm bardens
due to the difficalty m recovering intact specimens from
fung teesue

Infection bevels of both mums and ewes were
compared io determine i 3 conelation existed beaween
sex and lungworm infection level as indicaied by Festa-
Bianchet (198X, 1991). A t-test showed that no such
comclation exisicd in this herd. Statistical tests also
revealod thal hungworm infection levels in 1993 had
ned changed significantly from thoss in 1992, The
identification of o rend in Profesrosndes spp. levels
required that nt least three sets of dams be compared;
therefore, no such nnalyeis was stiempind.

Thrce b ghoma were diagnosed with verminous
pncumonis st the Department of Livestock Disgnostic
Labormbory in Boceman, Montana. The dingnosis was
mnda afer 8 thorowph examination of lunp aadule
sectiong roevered duiring posl-mofcm cxambnalion.
These nadules contained “innumerable adilt parasites
and large mmmbers of ova® of the genus Profastrongy-
Mz, Inaddition, the pulmonary parnchyma immedi-
ately sumounding the nodulcs contained areas of necro-
g and evidenée of inllammabory cell responss, both of
sams phenomenan was so20 in lung nodules removed
from one bighom sheep in 1993 which was akso diag-
e with verminous pnéamania,

Gastrointestinal Tract

The examiunalion ol portions of the gasinonlcati-
mal trocy in 1992 and 1993 revealed ihe presence of 8
epocies of parasites, Suwvtstical teszing was conducied
to determine if the avernge infection level of each of
these paragites differed significantly disring the tweo
vears of the study, In all cases no statistically signafi-
cant difference existed in panasite levels between yeirs.
These data were 1o be farther compared 1o the envimon-

mcntal conditions (&g, preciplistion amounts) during
those two years to deicomine i’ pamsite levels could be
correlated to levels ps suggested by Foe-
rester and Linell (1976). Since parasite levels did not
differ significantly between years, no comparison test-
ing v conducted with the emvironmenial data. In
nddition (o <between year' comparigons, all parasite
datn were also iested to delermine if & comelation ex-
estied habwesn hosl pex and infection level, In all cases,
nao such comelation coubd be detected. The identifica-
tion of o trend in gastroiniestinal nematode levels re-
guired dhat at leasy three st of data be compared;
thérefore, no such analveis was attempled.

Abormasum

The abamasa from 25 choep were examined
1992, Of teese, 19 contokned parosites, Marshadlagio
ararshally wero recovered from 18 of these abomasa,
while spocimena of Oriertagla frifurcafo pnd O, oxfers
rfagi occemed in five shesp. In 1993, all 19 aboaasal
specimens that were examined contained parnsites.
Morshallagio morshelll was the most conumon para-
site found in bighorms during this sludy, with an aver=
age infection level per sheep of 235.5 2 287.7 (n = 25)
in 1992 mnd 114 32994 (6 = 19) in 1993, In addi-
ton, Marshallagio was the only parasite found in
si gnificant numbers during this smdy. A firet glanes
the 1992 averaps appears 19 be much higher than the
1993 average, but tecting showed that the difference
was only marginally significant. In addition, statistical
Eesting was conducted to determine il A marshalll
infection levels were sex related  Toating condiscied for
both 19492 and 1993 indicated no significant difference
between AMarshallapio bardens in rams versus ewes in
cither year. Statisiical tests indicated that infection
levels of Oistertagio spp. did not differ significantly
between the two years of this study, In addition, -icsts
hoat sox,

Small Intestine

The emall inestines from 27 sheep were exam-
ined im 1992, Of these, 1} tracts contamed parmsites.
One graall intesting contaimed 3 sogments of the lape-
worm Wiominia tefonf, a parstie normally found in
the liver or gallbladder of bighom shecp, In addition,
Marshallagia marshalli was also recovered from the
smiall inbestene al two sheep. Roundworms of the ge-
s AemaradaiFies wene also eoovered fioen the emall
intgsting duning the posi-morizm cammation. The
malke paragibes wers identificd as N, abwormalls and &
iderifare



Several of thess parsile species were recovercd
froen @ of the 20 small idestine specimens thal were
received in 1993 One small imtestine contained 7
sepgments of B, fetoms. Male and Female NMematodig
ahnarmalis and & derefian were aleo recovered from
ihe small intestine, Other studies of bighom pasasibes
(Becklund and Senpger 1967, Thorme & al. 1982, and
Worley and Secsor 1992 have reporied lopeworms of
ihe specics Monlesia hemedeni, Mondezio expamnsa,
and Thysanosonta aciimioides, bul None were recov-
efed during this study.

A Z-pest wnk wised 16 deteet any dilferenee i
Nematodirur spp. indection levels betwesn years. Mo
significant difference was found. Furthenmore, statish-
cal texis showed no cormelation between infechion level
and hodl sex for this parasile.

Large Intestine

The cecum, large micsting, and rectum were
cxnmined 15 @ unit. All or pant of the larpe indestinal
<unit’ of 26 sheep wens received in 1992, while those
of 20 sheep were examined in 1993, OF these, only six
Ll wnily contained parasies. Dne unif examingd in
19492 commined ong male specimen of the large-mouth-
ed bowel worm Chaberife oving, while another sheep
cxamingd in 1993 contained one female C ovima. In
both years & singlhe large inlesting was found 1o conlain
one fenale whipwoarm (Trickuris spp.). 10 addition,
two large intestinal sections cxamined in 1993 con-
tmined Wyominng fefond mpecimens. The mesenteries
yielded larval cysis of the tapeworm Tovna fdal-
igena in two instances in 1993,

Stakrstrcal tests showed that infection levels for
all three species did not differ significantly betfween
vears. Mor was any cornclation detecied between mfic-
thon level and hoet sex

DISCUSSION

The concept of utilizing parasite bevels as an
imsilex of hery healih in (his study vms based on a proce-
dure for using parasite kevels 10 esthmate mnge utiliza.
tinn, hend denasties, and other bealth-related fssiors in
been ueed to correlate parasite intensity with the health
status of white-tailed deer hends in the sowtheasiern
Uinited Sindes, nnd is weed routingly to infier a relation-
ship betwoen the size of decr herds and svailable forage
in this region (Demarais et al. 1903, Doster 1985, Eve
and Kellogg 1977). 'While a para=meter such ns the
Abomasal Paragite Count (APC) developed by Eve and
Kellogg (1977T) ix nat availabls for 3 comparable analy-
ls for bighoms, the concept af uiing parasite levels,

Tabla 1. Pracipitation date collected at the
HOAA woather stabion al Dhade, Montana los
1662 and 1883 .-

1882 1883
Manth Ppt D, Ppt D
v} Gn)  (n)  {in)
Dietabar 24 oe 15 0,00
Mevemnbar | LR e, 0.8
Chescimm b 1.1 .97 24 X3
Janiany 1.0 129 24 011
Febmaory £33 033 £ 0.3
March 1.0 -1.78 1.8 408
Aprl 18 084 .4 142
May 12 -1.83 2.4 .73
Juis 68 384 432 i
iy 18 021 a1 1.49
At 0.4 Bt 20 1.4
Seplembet 1.7 027 1.1 087
TOTAL 241 -2 dd 307 a.16

"Located on the norfem sdge of Fe FMighlands bighom mnge
ol elavation of 1640 m. Abbievialion Ppl. = Precipiation
Dy, = Daviztion from svemage preciptation recorded for the

especially lungworm (Prowostromgsius) and stomach
worm (Aarchailagia) burdens in highom sheep as
indicators of the balance between hend siee and avail-
abila hne heen propozed (Worley and Sesess
1988, 1992). They felt that there are two perameters
thof sppear to be most usefial for the parposs of deter-
mining parnsite impact on berd health, i 1) the total
number of parasite spacies in A particular herd, and 3)
ithe relative frequency of multiple infections. The cur-
el sudy has ahown that the bevel of porasite infee-
irond s another imporiant (o thet shoald be consbd-
ered when assessing herd health, Application of Wor-
ley and Secsee'’s health index alone bed to the assump-
tion ihat this herd was m moderals condition in 1992-
93, Eleven spocies of parasiles were scen and 62% off
the bighoms examined had multi-specics infections,
However, several of these infections consisted of only a
single parasite of twa differens species (2.5, one speci-
men cach of C. oviens and P rushy, The effect on the
host of the two nematodes in this example wos negligi-
hhhmhwmmﬁnnhmnﬂl%mﬂu
of this herd. For this reason, it se¢ms reasonable 1o
incorporate parasite infection level o such o healih
e

Severnl factor may have affected the validity of
the siatistical teats comductod during this shady, First,
the rules and regulations of bighom sheep hunting must
have mn equal probability of being included in dhe



Table 2. Worms Recoversd at Nacropsy of Highlands Bighom Sheep - 1592 (n =27),

Bighom Sampla % AeTBgD Slandard
Prrasto Gerdar Sizm Infected Infecticn Clniabian Range
Gioup {n) L1] i8]
PG a1 28 T3 10.7 a8 00 -1378
Ram T B3 213 513 40-1378
Ewa 17 52 46 a.A 00-324
Prafosfangdus By =0 [z} 14 48 0-18
LT Ram 9 T8 AR £3 0-15
Ewes 17 65 a5 d B 0=18
Frovminie A i ] &0 0.3 a.7 g-2
ionw Ram B 1 o1 0.3 0-1
Evws i 18 03 0T g=2
Marshailigna Al x5 78 pric- 2878 0 - 1030
marsholl IFarm A 100 X9, 1T 130 - agy
Eve 18 - Fra i) b e 4 0= 1038
Oatarmagim Al 5 20 L) BB 0-28
app Ram a a3 6.0 10.6 0=28
Ewn 18 19 4.0 AT 0= 25
Mematodins All 7 ar 30 B3 0-28
Hpp Ram T 43 =8 5.0 011
Ewa i7 Eh| i3 | 0= 28
Chabenia Al 26 4 0.04 0.2 o-1
owving Ham L} o i} o o
Ewa i7 -} 0.1 o2 0-1
Trchuris Al s & 0.04 {1 g=1
Bpp Ham a8 o u} o o
Ewn ir &8 0 o2 g-1
P o ) 2 4 ; 8 :
Evet 17 o g o a

Abbrmensticna.  Avarage Infection = svarage pamsiSc nfection pet indeidual shenp, A% = Al shisep - Mals, Famals and
Uninown gender, LPE = number of Profostrongyius Lanse Per Gram of fecal matersl

sample. Montana hunting regulations restrice huniers
to taking only adult cwes and 3/4+ carl rams in HD
340, This results in a sample that is not truly represcn-
takivie of the entine herd since lambs and small-hormed
rame hnd no chance of being included in any hunter-
killed saample. The 1992 transplant, on the other hand,
did sample rams and cwes from all age groups in the
Highlands herd, but it was not & random sample. The
sheep included in this tranrplant were taken from only
area were nol included. In addition, samples were
received from only those hunters for whom it was coa-
venient io collect and refurn the requesied organs. This
meand thai (hose sheep thal were far from a moad, or
shod during adverse weather condithons were probably
not collected. This woulbd herve affccted the distnbution
ol the sheep included in each sample set, The sheep
that were inclnded in this study were modt likely aot
naformly distribated over the entine study area. Bag-
homs located close 1 a mad had a higher chance of

being taken by o bunter than those located 7 mreas not
50 casily scdessible. We know thal the distnbution of
the sheep included in the 1992 transplani group was

restricled 1o ane specific site. These Macton musd be

taken into consideration when determindng the validity
of uxing hunter-killed samplings as 8 means to deter-

mine the lcalib of a highom sheep herd.

The Highlands bighom shesp herd was found 1o
bharbor ten nemasods, two cestode, and five prodoeosn
species of parnsites. OF these, oaly Marshallagia
marshalli wak found in gignificant numbers.  Since
heavy infsitions of this parasite can cause decressed
wigor in bighorms (Thome ot al 1982, g level shoald
be closely monatorod i survesllance studies designed 1o
evalunte parnsile effects in fee-mnging sheep.

Although the concept of utilizing parasits loads
in inferning herd hesbith and ramge qualing in bighom
sheeg is feasible, more ressarch 18 necded before it can
b whiliwed wilkh any relinbility. More shadies soch as
this one need to be conducted, and the data pooled, to



Tabls 3, Worme Recovarad at Macropsy of Highlands Bigham Ehaop - 1893 (n = 20).

Bigharn Sample % Avarage Standard
Parasie Sendoer Eirg (S Infecion Dhadanon Range
Giroup {nj {x] {s}
LPGE Al i3 104 1164 153.4 0d-5348
Ram =] 100 1278 153 2 0.4 - 34432
Ewn 10 100 1475 182.8 BER-5MA
Prodosirongyisg AR 17 L] 31 51 0=47
g Ham B A3 a0 58 -7
Ewo 8 58 i 47 0-14
Wirominda A&l 21 18 0z 0.5 0=2
fatani Ham 10 ki 04 0.7 0.2
Emp " 9 01 03 0-=1
Marahmiapis Ad 18 104 114.5 i 5-d4i2
marshal Fam @ 100 124.1 1223 5412
Ewa 10 100 1058 e 11 =212
Ozlariagia AN 10 1= 1.0 29 012
500, Ram ] B 21 40 o-12
Ewe 10 ] 1] 1] 0
Mmmalooria ad 20 s 1.8 e o G=11
pp. Rmm 10 ] 232 432 0=11
Evwa 1w 30 [ ¥ 34 =11
Chabarfia A 20 5 o1 0.2 0=1
ovng Ram 10 10 0.1 0.3 -1
Ewn 10 1] a a o
Triciiyrs Al 20 5 (1K 02 01
5o Fam 10 1] 1] a o
Ewe 10 10 (1] 3 o-1
Tanns Al 20 id (18] 0.3 -1
hydialipona Ram 10 & 02 ad 0-1
Ewe 10 D o o 0

Abbrevdotons. Average infecton = mvarage pamsss nfecton per indridunl sheep; LPG = number of Profasirongyles

Liarvas Per Gram of fecal msltaral

determine bascline pprameters an which (o base hend
heealih conclusiona. In additon, kevel of parasise infee-
tion should be considered as an imponant panumeier
when making such conclusions abowt herd boalth.

Any futune focal analvess performed an this herd
should Include a guantingiye Lane fecal Noation sest
Since some of the coccidian specles eoovered doring
this study (mamely, ¥ ahrado amd £ ovimoddalis) arc
considerod highly pathopenic in bighorns, analysis af
infection level could prove 1o be beneficinl for the
Tutire manspenend of this heed,

MANAGEMENT CONSIDERATIONS

This study Instad only teo vears: therefom, na
valid hypotheses could be formulated reganding the
jpresence of potential tends in parasiie lopds pnd the
effect of weather conditions on these infections in the
Highlands bigharn sheep herd.  Therefisre, a lang-term
manitoring program should be devised for this herd.

As discussed earlier, this study shovwed tat neither
posi-meniem cxamination oy Fecal testing alons could
accurniely proedice Fromostromrplus infoction levels in
this herd. Festn-Baanchel (1991 siabed that "larval
counts ane affected by infection intensity and body
condition, do noi predic pneumonis epizoctics, and
Tave Hmdied rediability as an index of hend healih.®
hunter kills and/or field mortalities, combined with the
testing of focal material through the Bacrmann tech-
nigus, is the bes way o fully sscess the lungworm
burden of bighom sheep, Thereforo, hunter-killed
sheep should continue to be collectad for the purpose aff
monitoning parasite levels. In 1992, 75% of hunter=
killad sheep were received for testing. [n 1993, this
retum rate dropped (0 53%.  Even so, il return bevels
remnin pf Uis level, on adequote sansple sie could be
oheained for valid sinbistical analysis. However, other
herds alss are availabbe for such long-term stadics as
are required o determine the true relationship between



herd bealsh and parnsstc loads in bighor sheep. Rou-
tine health monitonng cver a penod of years is the best
way o determine if current management methods are,

mndeed, workang on bigham sheep herds.
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