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fAbstract:
Three herds of HRocky Mountaln bighorn shesp (Ovisa canadensis

canadensis) in southeastern HBritish Columbia were evaluated for healch
status during 1983 and 1984. Each herd was of similar aize but varled in
dimease occurrence and herd dynamics, both historically and over the period
of study. Samples taken from six sheep In each herd were examined for
nutritional condition, microbiological, virological and serological atatus,
general and pulmomary parasite loads, blood chemistry and trace mineral
levals, as well as gross and histological pathology lesions. A low
wlevation wintering herd at high densicty eon poor quality range was
demonstrated to have high levels of lungworm Infection, low total serum
protein, fecal nitrogen and llver selenlum levels. Higher total serum
protein, fecal nitrogen, liver seleniuom levels and lowsr lungworm levels
were present in bighorns from a lover densicy high elevatlon wintering
herd. Adrenal glands were larger and clinical and mubelinical discases
were common in adults and lambs from a low elevation wintering herd 2 years
after an all-age dieoff. Parameters were dlscussed for relevance in
describing the herd status and usefulness to the wildlife sanager. The
first herd was treated with trace minerals and an anthelmintic after the
1983 collection. Lungworm larvae output was less In four sheep eéxamined in
the following year, but no change was seen In trace mineral levels.

The Rocky Mountain bighorn sheep populations of North America have
garkedly decreased In number and distribution since the human settlement of
their native habitat (Buechmer 1960). The factors responsible for the
decline are suggested to include heavy hunting pressures, the introduction
af domestic animal diseases and, especially in this century, the widespread
reduccion of available and sultable ranges (Buechner 1960, Stelfox 1971).

More recencly, bighorn sheep have suffered eplzootic dieoffs in
eaptive and wild sitwationsa 1n Canada and bthe D.5.A.. The sheep have
nearly always muccumbed to pneumonia caused by opportunistic bacteria with
varying degreea of lungworm involvement (Forrester 1971). HEeports of sheep
dieoffs have ocutlined a large number of environmental and animal related
faccors whiech have been present hefore diecffs and are believed Eo
predispose sheep to disease. For example, Spraker et al. (1984) described
a series of condiclons proceeding a dieoff at Waterton Canyon in Colorado.
They Aincluded Increased levels of vehicular ctraffie, nolse, human
harassment, high animal densicy and a redvction in forage qualicy and
quantity. Reports of other dieoffs have Included factors such as low trace
mineral levels, {nclement weather, habitat deterioration and 1loss, the
presence of domestic sheep, concurrent Infectious disesses and high
lungworm or other parasite levels {(Buechner 1960, Lange et al. 1980, Foreyr
and Jessup 1982, Thorme et al. 1982, Schwantie 19831, Onderka and Wishart
1964 ).

Such Ffactors are believed to Ffunctlion through direec and Indirect
mechanisms, their presence and effect varying with each situvacion. Chronle
exposure to some of Chese condlicions may aet cumelatively te {mpalr
protective Imsune Ffunctions. Tha collective influence is believed to
create a state of chronlc stress (Spraker et al. 1984). The physiological
responses of individual animals to chronic stress include adrenal gland
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enlargement and increased levela of adrenal eorticosterolds (Faldman 1983).
Long term maintenance of high levels of corticostecoids in other species ia
associated with an Inhibition of immune responses  and incraaged
sugceptibility to bhacterial infections, particularly of the reapiratory
tract (Hunningshake and Fauci 1977, Kelley 1980). Studies in man and
domestic animals have shown that concurrent viral respiratory infecticns
{Yaces 1982), malnuctrition (Scrimshaw ec al. 1968) and low tissue levels of
selenfum and copper (Chandra 1983) are associated with, and can directly
cause depressed immune responses .

The proper function of immune systems Is closely relaced co the
overall nutrition of an animal (Chandra and MNewberne 1977), Many of the
factors discussed as Influencing bighorn sheep herds play Important roles
in their outricional conditlon. Forage quality and quantity have obvious
direct influences. Other factors, such as intra and interspecific
compecition, harassment and high gpastrointestinal parasite burdens may
indirectly reduce the amount and type of feed consumed and utilized.
Indices of nutritional status have been exanined in controlled (Elrkpaccick
et al. 1975, Seal et al. 1978, Bahnak et al. 1979, Warren et al. 1982) and
free=ranglng studles of white=tailed deer, pronghorn and wild sheep
{Franrmann 1972, White and Cook 1974, Seal and Hogkinson 1978, Habarct at
al, 1984, Spraker et al, 1984), The levels of total serum protein (TPR),
blood urea nitrogen (BUN), Ffecal nitrogen (FN) and body condition scores
varied with season, habitat and physical condition in white=tailed deer and
bighorns (Franzmann 1972, Seal et al. 1978, Hebert et al. 1984). These
parametecs wers the most [requently vsed In these studies and were easily
available from live anilsals.

Depressed blood protelns have long been accepted as occurring with
proteln=ensrgy malnutrition in man (Savberlich 1983), and studies have
demonatrated reduouctionas in TP with ztarvation in wildlife spocios {Hahert
1973, Bahnak ot al. 1979, Warren et al. [1982), Blood urea nitrogen levels
were proportional te protein consumption in cattle (Biddle and Evans 1973},
domestic sheap (Freston et al. 1965), white=tailed deer (Seal et al. 1972,
Kirkpatrick st al. 1975) and pronghorn antelope (Seal and Hoskinson 1978),
Franzmann ([972) felt that the nutritional status of bighorn sheep was bast
astimated by BUN and suggested that wvalues below 15 mg/d]l indicated low
protein intakes.

The comparison of fecal nitrogen content with feed nitrogen content
has bkeen investigated to determine the protein startus of wildlife
populacions. Species examined include free-ranging elk (Gates and Hudson
1979), Emst African ungulates (Arman et al. 1975) and wild and captive
bighorns (Hebert 1973, Hebert et al. 1984). In most cases, studies have
followed seassonal trends im FN and related these to environmental changes
(Seip and Bunnell 1985), feed quality aod animal weight (Mould and Robbins
198}, Hebert ecr al. (1984) showed changes In animal condiclion between
seasons and vyears In  captive, supplementary fed, free-ranging and
non-migratery free-ranging Callfornia bighorn sheep., He advised the use of
FN determination over time to assess the effect of changes in population
deneity and grazing on sheep ranges and herds. Bahnak ot al. {1979)
suggested that periodic monitoring of all nutricional Iindices was more
valuable than econclusions drawn From sasples taken ar a single point In
Eime.

The definition of trace mineral daficiencies requires the association
of cliniecal signs of deficiency with low mineral concentrations in animal
tissues, diec and soll. Deficiency svodromes are often subelinical and may
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be difficule co i1dencify due to interactions and imbalances bhetwaen
individual minerals and the protein-energy content of the diet. Studies
ralated Eo Ewo of the more commonly recognized deficlencies, selenium and
coppar, are limited in [ree-ranging wild specles; however, hoth minerals
have been extensively reviewed for domestic cattle and sheep (Hidireglou
1979, Underwood 1977, Van Vlieet 1980).

Subtle or marked syndromes of mwuscle degeneration, 111 thrifi,
neonatal weakness and infertility are responsive to the addition of
gelentim and vitemin B (Se/E) ts the diets of ruminants [MacDonald et al.
1976, Maas 1983). 1In addicion, suppreased cell mediated immune functions
are restored (Sheffy 1979). An acute stress induced muscle degeneration
(eapture myopathy) has been well recognized in wild ungulates and 1is
assoclated with Se¢/E deficlency (Hebert and Cowan 1971). The other
livestock ayndromes are not well defined in wild species.

Copper deficlency in domestic sgheep is also often subelinical but can
reduce growth rate, reproductive peacformance and haircoat pigmentacion
(Ward 1978, Hidiroglow 1979} . GStudies in Alaskan soose and Idaho mule
deer suggested reductions in fertility and abnormal hoof keratinizatiom
(Flynm &t al. 1977, Dunbar and Foreyt 1985%). Low copper levela are also
asgoclaced with decreased {mmune responses and an increased susceptibility
to parasitism (Chandra 1983). A poesibility of interaction between copper
and selenium has been proposed because of a lack of response Co
supplementation until both elements were provided to domestic livestock
(Blood er al. 1983).

Investigations 1Iinto all=-age dieoffs of bighorm sheep in the East
Kootenay (E.K.) region of British Columbia in the 1960 and 1980
determined that these diecoffs were preceeded by high population densicies,
heavy Interspecifle competicion for forage, contact with domestic sheep,
gevere winter weather, high lungworm levels and low copper and selenium
levels in some sheep (Scelfox 1971, Davidson 1982, Schwantie 1983). It was
concluded that the herds in which dieoffs occurred were predisposed to
pneumonia by chronlc stress conditfons cawvsed and complicated by high
animal density, poor mutcition, parasitism and Erace mineral deficiencies.
The presence of concurreat or subelinical diseases was unknown (Schwantie
1983).

Sheep herds wintering at high elevations were not affected by eicher
E.K. dieoff. This suggested that the absence of some of the previcusly
mentioned Factors allowed the high elevation sheep herds to be maintained
in better owerall health than those which suffer from dieoffs; and thac
they have thus avolded health disease epizootics.

A definicive study was required to evaluate the presence of these
factors in E.K. herds with and without the hintory of dieoffs. The
following project surveyed three herds of similar size which differed in
herd dynamics and disease occurrence. Samples were compared and evaluated
to describe the presence and Influence of predisposing factors and to
describe the overall health of each herd.

STUDY HERDS

The three herds selected [or this project ares designated by Cheir
winter ranges; Columbia Lake (CL), Wigwam (WW) and Ewln Ridge (ER) (Figure
1)

CL and WV sheep graze summer pastures at elevations up to and over
2170 mectres. In the fall they migrate to low elevation, predominantly
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seral ranges along the eastern boundary of the Rocky Mountain Trench (Bandy
1968).  Arrival on winter range is followed by the rut in Movember to
December. Both of these herds have been affected by all age dieoffs

pravipusly.

Vehicular access o both winter ranges is possible until Decembar 1.
The roads tend to be heavily travelled for recreatfonal and hunting usa.
The CL range 1s adjacent to a small community and shares a partion of the
range with a growing residential subdivision. A lumbar mill and small
community are located across a river from a portion of the WW range, but
most of the range Is out of vieuwal and acousctie contact Erom thase
developments.

The CL range consists of alluvial fans, parkland areas and rocky
bluffs on the eastern shore of Columbia Lake. The quality of this range
has been considered poor since at least 1970 (Demarchi 1970, Davideon pers.
commin. J. Exelosureon srected inm 1983 showed obwious differonces in forage
growth by 1984, Forest succession ls very prominont arcund most meadows.
Livertock have been absent from the range for over 20 vears, however, sule
deer and particularly elk are abundanc.

The CL herd suffered a dieoff in 1966, reaching a low of 28 from
approximately 100 animals (Bandy 1968, Demarchi 1970). At present the hercd
nusbers approximecely 130 andsals., Annual lambiewe ratlos were considered
to be gradually decreasing (Davidson pers. comoun.) and were &40-30% in

19483.
The WW range is made up of fire formed grasslands, some natural

parkland and thickly foreated areas bhetween the Elk and Wigwam Rivers. The
range condition appears to improve following reductions in the wildlife
stocking rate; as was seen after a 1965 sheep dieoff and subsequent
increases in elk harvests (Demarchi 1970). It is presently conaidered to
ba Improving after a 1981 sheep dieoff. Livestock are not permitted on the
range but mule deer and elk are abundant,

An all-age dieoff in 1965 removed 40-50% of the WW herd. By 1981 the
150 animala remaining had increased to ar least 424, the highest density
ever raporced for the range. Ar this time elk and mule deer numbers were
consldered high, similar to levels prior to the 1965 dieoff.

Another all=age dileoff began iIin Decomber 1981 and reduced the
population te less than 150 bighorne. Animals in poor conditien and/or
goughing are still oceasionally reporced at this time. The herd now
mumberz approximately 100=130 gheep with lambiewe raclog of lesg than 5% Im
1983,

ER sheep winter on wirtually {inaccessible, windswept subalpine and
alpine ridges up to 2700 metres in elevation (Schuerholz 1984). The high
elevation allows an approximately onoe month earlier onset of the rut and
wincer condicions. This herd has never been reported to suffer large scale
mortality although, becausse of the location, we can only rely on evidence
chat afireraft classified counts have remaioed stable at 100=150 shesp since
1971 (Warkentin, Schuerholz pers. commun., 1984). Lambiewe ratios have
averaged 55% since 1971 and were VBT in 1984, An open plt coal mine is
prezent on ram sumser range but the winter range common te both sexes Is
undisturbed. Extensive range studies demonstrace excellent quality and a
lack of competition from elk or mule deer. The amount of avallable range
is reduced with heavy snowfalls or the late arrival of spring. With these
conditions intraspecific competition decreases the quantity of forage for
overvintering sheep (Schuerholz 1983).
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HATERIALS AND METHODS

In 1983 and 1984, the CL and WW herds were obsecrved and counted from

the ground (foot and automobile):. ER populatfon data were supplied by
Crowvenest Resources and Transaserica Envirommental Selence Consultankts
(TAESCO) as well as minimal direct observation during early winter. Fixed
wing or helicopter classified counts were performed routinely on all herds
in Jamuary or February by B.C. Wildlife Branch personnel.

From late October to early December 1983 obmervations of major CL amd
¥¥ groups were made, usually from a wehicle. The animals were observed for
0.5 ta 1 hour hefore an individual was collected for sampling. Disturbance
wasz considered minimal bkefore collection. ER animals were observed from
hallcopter and collected after hazing towards a ground based huater during
late October and early Fovember 1984,

2ix sheep were collected from each herd. Selaction criterlia werse
designed to select for those anisals which were of less than the average
bady condition or demonstrated aymptoms of disease so that they appeared
difforent from other sheep in the group. Criteria included body condition
grading and eclinical symptoms of disease or signa atated by wildlife
biologiste or experienced observers as indieative of poor condiciom or
rubelinical dissase. The signs ranged from imolation behaviour to pale or
rough haircoats, losa of muscle mass, contaglous ecthyma lesions and mild
to obvious respiratory eymptoms. Animals were also scolected from Chree age
elagaes; lamba of the year, yvearlings and adult ewes. The ER ecollections
used only these ericteria. Four additional sheep from CL wers examined in
1984, Three ware shot and a Fourth poached carcass was examined.

Sheep were shot in the caudal skull or ancerior cervical region.
Blood was ecollected immediately, chilled and harvested for serum on the
fallowing day. Each animal was wvelghed and a necropsy wvas performed.
Carcagges were evaluated subjectively for body condition on the basis of
body Eat deposits and museling foar a total bhody score of 100. Majar argan
systems were oxamined and representative portions were preserved in 10X
neutral buffered formalin. The lungs were removed intact and photographed.
Legions were drawn and 2 cm slices of each lobe were preserved. FPortions
of anterlor or grossly affected lobes, as well as a retropharyngeal lymph
node and main stem bronchial swabs, were obtained For bacterfal and viral
culture. These Elssues were frozen and chilled respectively and
transported to the Alberta Agriculture Laboratory, Edmonton, Alberta for
cultura.

Fidney, liver and sera were [rozen anmd assayed for Erace minerals at
the British Columbia Veterinary Pathology Laboratory, Abbotsford, B®.C..
Serum was frozen and analyzed later (or antibodies to infectlous bovine
rhinotracheitis (IER), parainfluenza 3 virus (PI}), bovine viruas diarrhea
(BVD) and bovine respiratory syncytial virus (RSV) and levels of hlood urea
nitrogen, glucose and Eotal serum protein at the Western College of
Veterinary Medicine, Saskatoon, Saskatchewan. GCortisel levels in serum and
urine were assayed by the T.R. Spraker laboratory at the College of
Veterinary Medicine, Fort Collins, Colorado. Serological evaluatione for
bovine lymphosarcoma virus (WwWd), hluetongue (BT), weplzootic-hemorrhagic
disease (EHD), maedi/visna wviruses and Johne“s disease (Mycobacterium
paeudotuberculosis) were performed by the Canadian Animal Disease Besearch
Institute; Nepean, Ontario.

Samples of feces were frozen and analysed for mitrogen content by the
G011, Feed and Tissue Testing Laboratery, Kelowna, B.C. Gastrointestinal
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parasite ova counts were done with fecal flotatiane by A. Gajadhar,
W.C.V.M., Feecal lungworm larvae counts were performed on alir dried Feces
by the W.M, Samuel laboratory, Universicy of Alberta, Edmonton, Albecta,
using a Basrmann technigque (Samual and Gray 1982).

Microscople Clssues were mounted Iin paraffin, sectioned at 5 um
thickness and stained with hematoxylin=eosin. Special stalns (Masson”s
trichrome, PTAH, PAS, Grocott, Brown and Brenn) were used as required,
Three microscopic sections were taken from each lung slice as well as any
addicional lesions. Histopathological findings were noted inm all organs.
Pulmonary changes were cntegorized on the basis of microscople changes.
The left kidney and adrenmal from each animal were presecved, weighed and
photographed., The thoracic thymes was collected where identifiable,
phatographed and sectioned.

RESULTS
1. CLINICAL EVALUATLON

Columbia Lake

The sheep in this herd were usvally seen In groups of 40 teo 65
animals. They could be approached to within 50 feet and remained in the
fmmediarte area during all procedures. On clinical inspection individual
shoep appeared in good to excellent body condicion. The pelage was
accasionally long andfor pale or yellow. ‘Three sheep (CL 1,4,5) were
selected for these haircoat changes. One ewe was selected because of a
mild dry cough (CL 6). This was the only regpiratory sign noted during all
observat Long . Some sheep had oronasal depigmented areas, suggestive of
healed contaglows ecchyma lesions. Body condition scores in collected
shesp averaged 86 of a possible 100,

Wigwam

This herd was wary and wam scatcered as pairs or small groups over Che
range. Approach was possible by vehicle but sheep dizpersed rapidly with
disturbance. Field inspection revealed mostly adults of moderate to good
body conditlion. Some groups were uniformly thin. Sheep selected had long
pale halrcoats and were thinner than average. The two lambs collected
(WWl, 3) wers wvery small, thin and lethargic. Both had nasal discharges
and obvious oral contagious ecthyma lesions. Oral contaglous ecthyma was
also severs in WWi, mild in WW5 with residual nasal scars in WWH. Diarrhea
with perineal staining was present In WW3I and 5. All bub WWS had Otobius
megnini and Dermacentor albipictus cicka in light teo heavy numbers. Ro
?EEPH of coughing were observed. Body condition scores averaged 57 out of

Evin Ridge

Clinical évaluation of these sheep was not possible but the carcasses
were examined after collection. The only noticeable abnormality was that
the wvearling (ERE 4) had a pale but otherwise normal haircoar and was of
small size, The other sheep were In good bedy condition with an average
body condicion score of Bl.
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2. GROSS NECROPSY
Calumbia Lake

Five of the saix shesp were classified as having moderate to severe

verminous pneumonia. Animal CL | was elassified with mild lesions. One
third to one half of the caudal lung lobes were diffusely swollen and the
overlying pleura was pale and thickened., Individual nodules from 0.2 - 2
cm protcuded from the lung over the dorsal surface of the diaphragmatic
lobe and occasionally other lung lobes. Smaller nodules wWéereé more
transparent with yellow—grey mottling. On cut section the nodules were
firm. Alrways were surrounded by prominent white glistening cuffs. Tha
lung changes were consistent with Protostrongylus stilesi {nfection. P,
rushi adults were present in the airways of all six shesp. A small focus
Tn the cranial right lung of CL 6 was atelectatic with sultiple tiny white
foel. The kidney:adrenal weight ratios ranged from 24.6 to 37.3 with a
mean of 30.1 (Tabkle 1).

Wyominia tetoni tapeworma were found in four sheep. Heavy infections
wera accompanied by bile duct and gall bliadder dilation and [ibrosis, Cl &
hod two 1=2 cm green lamellaced abscesser adfacent to these sCrUcCures.,
Multiple 0.2 em nodules on che abomasal rugae and over cecal and colonic
gerosae  and wsucosae were common and were considered to Indicatbe
gastrointestinal parasitism due o various Ostercagia and Marshallagia
BPPss

Wigwam

Mild lesions of wverminous pneunonia were present in five sheep with

WW5 classified as moderately affected. Opagque white individual nodules
rather than diffuse swelling of caudal lobes were more common in cthese
animals, Sheep WW6 was the only animal in which P. rushi adults were
Ildentified.

Chronie bronchopneusenia and fibrous pleuritis were noted in four
gheep. These ranged from a small ares of cranial lobe consolidaction in WW3
to billateral ventral adheslon and focal consolidation In all lobes of WW4.
Consolidaclon was extensive In both lambs with sharp demarcatlon of
affected antecowentral and wventral middle and caundal lobes. The f£irm,
plum=coloured cissue had a cobblesctone cCexture with scattered whice focl
and a mucoid alrway exudate. Extensive flbrous pleuritis and pericardicis
was also present in the lambs.

Gastrointestinal parasitiss lesions were present in all sheep and were
more severe Iin those with chronic pulmonary lesions. WW4 and 5 had
generalized enlargement of lymphold organs and multifocal pale renal
cortical streaking. Contagious ecthyma was very severe Bhroughouwt the oral
cavity and tumen of WW& and mild in WW5. The lambs had lesions assoclated
with thymic atrophy, serous atrophy of fat, large numbers of
gastrointestinal parasites and oral contagious ecthyma. WW 3 was more
geverely affeected with [ibrinous pericenicis, serous polvarthricis,
decubitus ulcers and contagious ecthyma of the coronet bands. The
kidney:adrenal rvatic ranged from 9.4 to 29.2, with a mean of 21.8. The
lowest ratio, or largest adrenal size was In WW3.
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Table 1. Kidney and adrenal gland weight ratios in bighorn sheep collected
from the East Eootenays In 1983-84.

Sheep Age Sex Body Waelghc E:A
nunbar {¥r) (Eg)
CL 1 2.5 H 7.3 29,4
€L 2 0.5 M 40.9 37.3
cL 3 0.5 M 32.7 33.0
CcL & 4.5 F T72.7 24.6
CL § 1.5 M B4.5 26.5
CL & 3.5 F Th.4 30.9
X = 30.1
W 1 0.5 M 29.1 23.5
W 2 3.5 F TL.8 23.8
WW 3 0.5 F 14.5 9.4
W 4 6.5 F 64.5 29,2
WW 5 3.5 F 65,3 19.3
W6 1.5 M 53.2 25.5
A= 21.8
ER 1 0.5 F 23.6 34.2
ER 2 4.5 F 67.3 26.3
ER 3 3.5 F 68.2 26.1
ER & 1.5 H 41.8 27.8
ER § 1.5 F 8l.8 26.7
ER & 9.5 ¥ 72.7 26.7
K= 28,0

T%:A = kidney (g):adrenal (g)
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Ewin Ridge

Three sheap were classificd to have mild verminous pneumonia amd cthe

remainder had mild=moderate or moderate lesions. Nodules were mostly small
and transparent. The most caudal area of the diaphragmatic lobes was
frequently contracted wicth pleural fibosis, Two ewes (ER 5,6) had small
contracted arcas of middle lobes with occasional fibrous pleural adhesions.
P. rushl adults were presenc in ER 2 and 3.
i The lamb (ER 1) lacked the right ovary wich partial absence of the
right oviduct. No depigmented areas or active contaglous ecthyma lesions
were present. Gastrolntestinal parasicism lesions were rescricted to the
abomasum Iin ER 1,2 and & and were modecate Iin number and severity.
Kidney:adrenal ratios varied from 26.1 to 34.2 with a mean of 28.0.

3. HISTOPATHOLOGY

The most consiatent findinga in all sheep wers lesions due to liver
and gastrointestinal tapeworm and nematode parasitism. The major liver
changes were fibrosis, mononuclear ecell infiltracisn and hyperplasia of
bile ducta in portal reglons, as well as emall, cellular focl scattered
throughout liver lobules. These focl were often associated with portal
areas and were primarily mononuclear cells with oecasional eosinophils and
individual degencrative hepatocyten.

Abomasal inflassation consisted of nodular and diffuse mononuclear
call infiltrates. This lesion was less common in CL sheep. The small
intestinal changes were diffuse mononmuclear and eosinophilic infilcraclons

of the lamina propria. Tha more severely affected sections also
demonstrated mucosal hyperplasia. Occasional areas of superficial necrosis
were associated with Intracellular stages of Elmerls spp.. Large

intestinal lesions were less severe with less hyperplasia. Eosinophilic
granulomas and focal chronle inflammation, suggestive of parasite
migration, were present in the Intestines, liver, lymph podes and abomasum
in sheep from all herds. All cardiae and skeletal musecles contained cysts
of Sarcocystis spp., except In CL sheep.

Kidney changes primarily iovolved glomeruli or were intersticial with
gocondary gloserular and tubular effects. Clomerular basement membranes
vere Irregularly thickened and the mesangium was hypercellular. Severely
affected glomeruli had adheslons and werea shrunken. None of chese lesions
ware considered to be extensive or significant enough to cause clinical
signs. The most severe kidoey lesions were in WW sheep and were assoclated
with primary discases In other organs.

Lymphold tissue was gencrally hyperplastic Iin most animals. Systemic
11lness was accompanied by Llymphoid atrophy in WW3. The epithelium
uverlring the Fhlr}rnﬂlll Ir-phniﬂ tissue Iin most lht!p was alcered.
Changes ranged f[rom hyperplasia to necrosis, Invasive protozoa were found
in the pharynx subsucosa or retropharyngeal lymph nodes of ER &, 5 and b,
There did not appear to be any relatlonship of the nasopharynx changes to
other resplratory pathology. Trachea sucosal pathology was mostly mild
with hyperplasia, mononuclear cells andfor neccosis. Thia was
predominantly sesn In WW sheep. The generalized lymphadenopathies of WW&
and 5 were the result of a multisystemic Iymphoid tumor (lymphosarcoma) and
a wmultiorgan  infection of an intracellular parasite, I1kely
Encephalitozroon, respectively.
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Pulmonary changes were similar in all sheep, differing primarily in
the amount of lung affected by lungworm activiby, Eypesa of Elssué Tesponss

to inflammation and degree of bacterial bronchopneumonia invelvesent. The
predominant changes Iovolved alrways, vessels, Interscitial Cissoe,
alveolar spaces and locally diffusge inflammatory reactions te lungwors
reproduction. In summary, CL and ER lung histopatheleogy was similar. WW
sheep had markedly fewer lungworm stages and accompanying inflammation, as
wall as less chronie changes associated with the parasite (f.e.
fibromuscular hyperplasia). A mild foeal broachopneamonia was present in
CL 6, resolving bronchapneumonias were present inm ER S and 6 and mild to
revere chronic hronchopneumonias were present in WW 1,3,4 and 5.

4. LABORATORY ANALYSES

Mierablology

Ko respiratory pathagens wers culbtored from CL asheap. E. call was
found in the liver abscess from CL 4.

Pastenrella hasmolvtica biotype T was present in the bronchial swahs
and right cranial lung of WW | and the retropharyngeal lymph node of WW &.
A non T biotype of P, haluulqtica was cultured from the bronchial swahbs,
medfiastinal lymph node @ eft lung of WW 4. Staphylococcus aureus wWas
present in Joint swabs from WW 3 and the retropharyngeal Llymph nodes of WW
3 and W 5. All other lung cultures from WW sheep were negative or
produced insignificant contaminants.

P. haemolytica hiotype T was present in the lungs and retropharyngeal
Ilymph node of ER 5. No further significant pathogens were racovered from
ER sheap.

No virugses were cultuvred from any sheép tisgsues. ER 2,5,6 and WW 2
and & had titres to PI3 virus. ER & also had a positive titre to RSV
yirus. All sera were negative to Johne™s dizease, maedifviana, EHD and BT
virus. A titre to bovine lymphosarcoma virus was not present in WWi.

Parasitology

Facal flotations Iindicated wild to moderate levels of usually mixed

{ntesrinal parasitism in all sheep. Owva wvers recoversd in larger numbars

from lambs, particularly choses wich syatemie illness (WW1 and 3).
Protostrongylus spp. lungworm larvae levels were higher in feces from
CL sheep Chan I[fom WW or ER sheep, with average larvae per gram feces of

799 {CL), 162 (WW) and [&66 (ER)., Lambs and yearling bighorns from CL had
the higheat larval osubtputs while tEhe lashs from WW and the lamb and
yearling from ER had very low fecal larvae. The WW yearling had moderate
numbers of larvae {(Table 2).

Trace Minarals

Liver and kidney selenium levels in all CL sheep were consistent with
lavels considered to ba deficient In domesclc sheep. Marginal levels were
present In three sheep. Tissue copper levels were consldered macginal in
two CL, three WW and four ER bighorna (Table 2).
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Table 2. Fecal larvaes output, liver copper and selenium levels in bighorn
gheep collected from che East Eootenays In [983-84.

Sheep LPCA Livar lavels (ppm)
Coppar Selenium

CL 1 172 i 010
cL 2 (1.5 14 0.10
CL 3 1571 67 0. 06
CL & 543 43 0.07
CL 5 959 20 Ds 11
CL & L84 73 0. 06
Wi 1 4 31 .16
We 2 58 16 D0.32
W 3 3: 5 17 0.29
WW 4 167 6.6 0.23
WW 5 32l a7 0.19
W 6 414 63 0.61
ER | 13 ] 0,30
ER 2 347 B.3 0.27
ER 3 142 3z 0. 22
ER & 5l 24 0. 30
ER 5 109 Bs 5 .29
ER & 336 5.7 0.29
Normalsh deficient 0.5 = 5.0 0.005 = 0.1
marginal 5.0 — 20 0.15 — 0.25

i LPG = larvae per gram feces
liver levels of domestic sheep (R. Puls 1981)
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Chemistry

Blood urea was within normal domestic sheep levels in two CL and two
ER animals, Levels were less than nommal in all other sheep except for
increpsed levels in WW 1, 3 and 4. Serum glucose values were mildly to
moderately Incressed in Five CL, Four WW and four ER sheep. Two ER sheep
had extremely high glucose levels. Total serum protein levels were reduced
in foor CL, Ffour WW and Ewo ER sheep. Average valoues were the highese in
ER animals and lowesat in CL ahesp. Average fecal nitrogen levels were
similar in CL and WW sheep and considerably higher in ER sheep (Table 3).

Serum and urine cortiscl walues wvaried greatly within herds without a
consistent pattern. Kidney:adrenal ratlos were slmilacr in CL and ER
bighorns but lower on average Inm WW sheep Indicacting larger adrenal glands
ln the WW sheep (Table 1),

BISCUSSTON

The CL herd appeared to be in good health on the basis of field
observation., Anlmals were calm and In large groups. Clinical signs were
restricted Eo slight wvariations in the degree of bady musecling, Fat
deposlts and coat colour, and a single mildly coughing ewe. Body condition

scores were high. In spite of declining lamb ratlos and heavy lungworm
infectlions, individual lambs were large and ahowed no evidence of secondary
bacterial bronchopneumonia at 5-6 months.

The WW gheep were wary and were found scattered over the range in
small groups. Observers have found that these sheep grazed in lacrge
groups, such as seén on the CL range, when at higher population density
prior to the 1981-82 dieoff (Davidson pers. commun.). A larger proportion
of WW sheep were In obvious poor health. Clinical signs Included pale
coata, tlek Infestations, lower body condition acores and active contagilous
acthyma In all ages. Chronle reapiratory disease was stil]l present inm
both lambs and adults twa years after the acute dieoff. Lamb mortality was
vary signifleant hy 6 monthe of age.

The ER bighorns primarily utilize winter ranges where dispersal i=
Limiced by the surrounding snow pack (Schuerholz 1984). Animals are
therefore generally grouped on snow [ree slopes. The use of a hellcopter
prevented visualizatlon of groupings and cliniecal signs at the clae of
collection. Body condition scored of the ER herd ware high. The lamk and
vearling omamined were small but In pgood condicionm. Mild echronic
respiratory disease In adult ewes appesared well localized wichout
debllitating systemic effects. The lesions assoclated with P. stilesi
infections were extensive but contained and were surrounded by increased
amounts of Fibrous Eissue Indicating old, healing lung damage.

Gross patholeglecal Ffindings indicated the most severe lungworm
Infections occurred in CL sheep, followed by ER and WW. Microscoplc
pulmonary changes and fecal larvae numbers supported the gross estimations
of lungworm poeumonia severlicy and chronleicty. HMicroscopie hepatic and
Intestinal parasitic lesions were present to similar degrees In all sheep.
Gross and fecal examination frequently missed lesilone and parasite specles
and showed little correlation with severity of hlscologle lesions.

Tissue changes with bacterial pnesmonias were the most severe and
exteniive in WW lambx. The chronic pneumonias of adult sheep on all three
ranges varied inm eéextent. There was localization to single lobes inm CL and
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Table 3, Serum, fecal and urine chemistry values in bighorn sheep
callected from the East Kootenays in [1983-84.

Sheep RUN P FN Glucose Cortisol (ng/ml)
number (mg/d1) (g/L) (%) (mg/d1) Aerum urine
CL 1 2.8 50 0.9 7.4 3.6 18.2
oL 2 10.9 LT 1.0 77.4 7.2 B35
CL 3 1.5 46 1.0 59,4 < 1 66,5
CL & 3.9 bl L.0 70,2 L NE
CL 5 2.8 &2 1.1 G&.8 9.5 60.3
CL & bal B4 1.1 2.2 12:8 12.8
X (5.5%) (53.3) (1.0} (66.9)
WW 1 24,9 57 1.8 55.8 15:6 7.5
WW 2 Tl a0 0.8 T2 3.1 NE
W 3 19.3 6l 0.5 52.2 23.8 178. 8
We & 28.8 T L.% Al 0.3 9.9
W 5 3.4 58 | | 59,4 1.0 NE
W B 3: 8 38 0.9 108 [:2 £1.1
X (14.5) (56.7) (1.1) (71.4)
ER | 9.8 Fit: 2.0 59.4 5.9 NE
ER 2 3.6 11 1.8 108 22.4 NE
EE 3 2.0 B3 1.7 626 2.6 NE
ER & 3.1 Bl 1.4 93.86 27.7 31.2
ER 5 5.6 56 1.8 Lb.B 16.9 RE
ER & 10.6 57 1.8 iz27 32,1 NE
X (5.8) (63.53) (1.8) (210)
Normals® 8 - 20 &0 - 79 — 34 = 56

H'E = not examined
domestic sheep values
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ER ewea. These local reactions suggest an asaociation with focal injory
and inflamsition as would result from aspication of Protostrongylus larvae.

Fragments of larvae surrounded by focal granulomas are occasionally
present, usually in anterior lobes, in many sheep (Spraker 1979). This was
geen in this scudy, however, the facl were usually withour changes related
to aecondary bacterial infecrion. The Focal basterial pacumonia in CL 6
did contain larval remnants.

In econtrast, chronic pneumonia in WW sheep, when present, affected
more than one lobe, extended ifato the pleural cavicy amd appeared older.
Microscoplie changes in chronlc pnedmonias were simllar in all hecds and

only varled vith the age of the lesion,
P. haemalytica type T, a bacterium strongly associated with the recent

l,c,';nJ_Ifﬁgifi_ﬂiquFt (Onderka and Wishart 1984) waa present in a WW
lamb with active pneumonia and was cultured from Iymphoid and lung Eissues
of WW& and ER3, e¢wes with chronle pneusonias. The presence of the organism
in association with other pathogenic opportunistic bacteria in WW & may be
incidental as her immune system was undoubbtedly compromised by the lymphoid
tumor. The presence In the focal, mlld, resolving lesion In an otherwise
healthy ER ews supports the hypothesis that P. haemolytica type T is an
opportunistic pathogen (Onderka and Wishart ]ﬁﬁl}, and Ehat pneumonlas can
oceur and resolve in dndividual bighorn sheep without disease epidemica.
The high incidence of chronic discases; secondary infections and
continued presence of lesions from pathogenie pulmonary bacteria in adult
and juvenile WW sheep in 1983, strongly suggests reslidual effects of
stressors associated with the acute dieoff iIn 1982. Spraker et al. (1984&)
described the mortalicy of bighorn lambs i{n captive and free-ranging herds
during years following all-age dieoffs, Lambs less than & months of age
died with bhronchopneumonia caused by opportunistic bacteria and showed
marked atraphy af the thymus gland. The authora supggested that stressors
gimilar to those which precipitated the all-age diecff may continue Eo
af feet pregnant ewes. Contiouad high levels of glucocorticolds secreted by
the highly scimilaced adrenal gland can Inhibit cthe development of CcEhe
thyaus and Immune system of thea Fetus. In addition, the sateroids may
rescriet the production of colosctral antibodies. Wichout a Fully
functional Immune system and Che passive Immunity provided by the
calostrum, the neonatal lambh would be extremely wulnerable to normal
micraflora. Adulc shesp harbouring chronic respiratory infectionz could
easily tranamit large doses of pathogens to the susceptible lambs. The
pattern of lamh disease and mortality in the WW herd appears to fict this

pathogenesis.
Titrer to the respiratery viruses FI3, TBR, RSV and other systemic

digsease wvwiruses which may cause resplratory or debilitating disease, such
ada BT, EHD and BVD, have beén present in all North American wlld sheep
gpecies exanined (Howe et al. 1966, Parks and England 1974, Zarmke 1983,
Clark w®t al. 1985, Dunbac et al. 1985), Isclations of PI3 (Parks =t al.
1972, Jessup |1985), ESV (Spraker et al. 1986) and BT (Hobinson =t al. 1967,
Fistner ot al. 1975) have boen made from bighorns with elinical disease.
Maedi/viana i & wviral disease of domestic sheep which causes a slowly
progressive interscitial pneumonia and has not wet been identified in
bighorn sheep. BSerclogical results in this study suggested little exposure
of the E:E: bighorns to these wiruses or to Johne®s discase.

Marginal copper levels ware present In all three herds, but not in all
gamples. Marginal selenivm levels in some WW sheep and levels consistent
with deficiency in all CL sheep suggest the presence of deficiency related
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disordern in these two herds. Similar levels of copper and melenium were
preseént in cissues From some WW bighorns which died inm the E.E: dieoff in
1981 {Davidsen 1982). Gince that time WH mineral liekas have beéen
supplemented with a liveatock trace mineral mix. It is posaible that chose
sheep collected [rom the WW range had artificially high trace mincral
levels and that deficlencles may have played a wore iwmportant role in the
herd prior Eo supplemsntation.

It is recognized that the soils of the E.K. area are generally
deficient in selenium and that domsstic animal syodromes ace diagnosed In
animals grazing on pasture in thisz area (Pols per. cosmmn.). Hehert and
Cowan (1971) examined mountaln goats, [orages and mineral licks froa the
E.K. area and suggested that myodystrophies seen in that species were
predisposed by selenium deficiency. Eastman et al. (1971) decermined chat
copper levels in forage plants common on low elevation winter ranges in the
E.K. were aspecially low.

The coneistently higher levels of selenium present in ER bighorns
supporta the findings of Haberc (1973) that alpine forages contain higher
levels of trace minerals and auggeata that thesre sheep do not suffer From
gelenium deflclency.

serum chemistry proflles for healthy captive and wild bighorn sheep
(Davies 1976, Franzmann 197la, Franzmann and Thorne 1970, Woolf and Kradel
1970), stone sheep (Franzmann 1971b), Dall sheep (Foreyt et al. 1983) and
Nelson desert sheep (McDonald et al. 1981), as well as for sick captive and
wild bighorn sheep (Woolf and Kradel 1973, Spraker et al. 1984) have been
examined. TIn this study healthy and sick sheep wers shot, uwsually withouot
prior disturbance. Samples were expected to reflect asctual physiologic
values in CL and WW sheep, while the use of a helicopter was expected Lo
increase paramcters affecced by acute stress, such as cortiscl and glucose
(Franzaann and Thorne [970), but not total serum proteins and blood urea
nitrogen. The study chemistry valuss wmre compated to the above reported

levels for wild sheep species as well as chose for domesclc sheep.
Ensit Kootenay bighorn glucose walues were aimilar to literature

reports as well as to domestic sheep levels, Mild to extreme incresses
were present with exéitement, the highest in helicopter herded ER shesp.
Clucose levels vary with excitement and habitat, however, without [urcher
forage evaluation no hablitat quality essumptions may be made from this data
(Franzmann 1972). Blood and urine cortisel walues varled too greatly for
accurate [nterpretation. In general, disturbed, clindcally 111 and chased
aheep merum cortisols were high, alchough cthese [indings were not
consiscent and there was ne relactionship with the size of individual
adrenal glands. Urlne cortisol levels should not have been allccced by
Bcute stresses, however, they were not corcrected for urine concentration
when analyzed. There was cthen a Coend towards higher corclsol values In
the order WW > CL > ER, however, the diagnosls of stress levels by this
method requlres wmore rigorous sampling technique and further rescacch
befare proper assessments can be made.

The TP of the study animals was within normal domestic and highorn
aheep limits in ER sheep, decreased in CL juveniles and low normal in CL
adulta. The alck WW lamba also had normal TP in spite of their poor body
condition. TP in these animals may have been artificially elevated due Eo
dehydration andf/eor high eireulating immunoglobulin levelas in responss to
svatemic infections. Other WW sheep had low normal TP except for low
levels In cthe ewe with lymphosarcoma.
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The levels of BUN were low In the majority of the study sheep., Mild
increases were prosent Iin sick WW sheep, likely due to body proceln
cataboliam. Levels similar to moderately low CL, WW and ER values were
reported in healthy and sick bighorna (Franzmann and Thorae 1970, Spraker
et al. 1984) and were suggested to reflect the low protein content of
forages. Many of the apparently healthy sheep in good condition from CL
and ER ranges had BUN values [ar below those reported.

The project bighorn F¥ values were comparable to Hebert et al. (1984)
values for sheep From October to December., The average ER values were
highest and corresponded with levels in migratory sheep seen in that scudy.
%W and €L values were equal and matched the loweat levels that wers found
durlng winter months in Hebert et al. (1984) evaluacions. Variations in FN
aof sick WW animals weres ilkely dues to nitrogen losses from aystemic
illness.

The low TP, BUN and FN values of CL aheep suggest wvery Iinadequate
winter range protein coantent. This substantiates estimate of poor gqualicy
winter range quality for this herd. Sipilar findings in w sheep should be
further investigated dues to Ehe varlations secen in chronfcally 111 anisals.
In contrast, low BUN wvalues of ER sheap were presont with nocmal TF and
higher FN content than wither of the other herds. Hebact (1972) compared
high and low altitude forages in the E.K, and found those Erom high
altitude pasturns to be of higher outrilent quality. Stelfox (1976) and
Schuetholz (1983} assessed the mountaln grasalands of national park and
E.%. bighorn habitats and found them to be of high productivity. They were
also easily avallable due to the preference of sheep for south Facing, snow
free slopes., Schuerholz (1983) also noted a lack of Intecspecific
competition for forage at this altitude., The low BUN values and marginal
tissue copper levels do not completely support the praence of higher
quality of feed on the ER winter range, howver, sample numbers were low
without actual feed analvsis of these animals, Larger numbacs of
coordinated samples of forages; solils and animals over time would be
required to fully understand these results,

Columbia Lake Treatment

The B.C. Wildlife Branch vas advised to atcempt treatment of CL sheesp
for the high levels of lungworm infection and mineral deficiencies. A
reduction of animal densicy was considered Eo be a necessary part of Ehis
remedial action.

Shgﬂp on Columbia Lake winter range were conditioned ta eat fermented
apple mash during the spring of 1984. Fenbendazole anthelmintiec was added
to treat each sheep three tiees at weekly incervals. Mineral lieks had
been supplemented with livestock Etrace mineral mix since rthe fall
colleecion. A group of 25 sheep of mixed agea and sexes were live captured
afcer treatment and moved to a sultable unoccupied winter range at some
distance From ClL.

An additional three CL sheep were collected and a poached animal
exanined in the fall of 1984. Similar procedures were parformed as
described for project sheep. Facal samples wers taken from Cransplanted
gheep and the €L range for lungworm analysis.

Three of the sheep collected in 1984 had deficlent and one had
parginal selenium levels. One of the four had marginal copper values.
Lungworm larvae were very low in an adult ewe and a yearling, moderate in
one lanb and high in a second (Figure 2). Fecal larvae levels In range

collected or trapped sheep were zero Eollowing spring anthelmintic
creatment but ceturned to mear provicus levelz In some ani=als by the fall.
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It I8 believed that the committment to intensive management of this
herd has allowed a reduction in parasite load of CL bighorns. Therapy and
research sust contimie, however, in the Face of constant relnfectlion From
the range and lack of significant changes in selenium and capper levels.
Range improvement and reduction of sheesp mumbers through tranaplantation
must be considered extremely important and integral remedfal elements Ffor
the successful treatment of this herd.

CONCLUSION

The low sample size of this study prevents any conclumive atatemeénts,
however, the results do suggest that there are differences betwesn the low
and high elevation winterioag bighorn herds of the East Kootenay rteglon of
Bricish Columbia. The differences were primarily related to the factors
which were suggested to predispose E.K. bighorns to an all-age dieoff In
1981, high animal density, poor outrition, parasitism and trace mineral
deficiencies. High lungworm levels, reduced nutritional indices and lower
selenium levels occurred In the CL herd at high animal density. Sheep
wintering at high elevation on the ER range, at lower density, appeared to
have access EBo better quality mutrition and maintalned lower lewels of
lungworm infection. The effects of a previous pneumonia outhreak appeared
to have a longterm Influence on the WW herd and resulted In residual
chronie disease in adult bhighorns and & marked reduction In the viabllity
of young lambs for at least 3 years poat—-dieoff, in spite of lower levels
of lungworm infectlon and reduced animal density on winter range.

Although thera may be a background level of some or many of the
previously discussed factors in all sheep herde, at a certain populatcion
density, addicional or inereased lovels of preexisting stressors appear to
overvhelm tha Ffunctional immune system and precipitace the occurrence of
epidemic disease. Bighorn sheep management and research must continue to
emphasize the identiflcation of density and stressor levels where outhreasks
occur. The status of a population appearx to be best determined by the use
of a group of indices. Hanks (1981) advises the characterizatlon of
populacion condition by the assessment of physiological parameters together
with reproductive capacity,; habitac condiclon and crend. Comparison of
population mutritional condition and parazite levela becwesen herds over
time may then fndicace and predict vhen stress conditions and sheep densicy
move Iinto the crictical range before dicoffs occur and allow remedlal
actions to malntaln and Ingcrease wild sheep populactions,

HECOMMENDATTONS

The method of sampling used in thia atedy may not be practical or
indicated for many management or monitoring schemes. The results, however,
undetline the Importance of fnvasive and noninvasive monitoring technigues.
Of these, we believe the collection of fecal samples from individual sheep
over successive seasons and years remainse che method of cholce,
economically and practically. Feces may be examined for lungworm larvae
per gram, (Uhazy et al. 197]) to determine parameters such as mean LPG, LPG
annual trends and the propertion of heavily Infected (> 1400) sheep per
herd (Holmes and Samuel 1974). Fecal nitrogen levels have proved u=seful
but require Ffuorther studies In Fileld sicvaclons, again, over time.
Although blood and urine cortisol levels were not useful In this scudy,
further studies with these and a potentlal method For Fecal cortisol
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metabolites (Spraker pers commun.) may allow the determinacion of sheep
baseline cortisol secreclon and allow the evaluacion of levels Indicative
of overall herd stress. The submimaion of freshly dead animals or hunter
kills for necropsy and liver tissue for trace mineral analysis ia also
advised whenever possible.

Thass sampling procedures must be considered only as corollaries Eo
the observation and study of ptable and fluctuating sheep herda, their
dynamices and range conditions for trends over time.
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Jim Bailey, Colorade — You said your blood and urine cortisol levels were
highly variable.

Schwant je == Yes, they were generally high in animals that [ could predict
would be high, like those hazed by helicapter. Some of the levels
from those sheep were low., In the other herds other animals 1
expected to be high were not.

Bailey == I guess that answers my question. I was going to ask vou if You
Attempted Eo correlate cortisel levels with any other factors, In
particular, the thymus and adrenal glands.

Schwantie =— The blood and urine cortisol lewels for those animals with
small thymuses and large adrenals were higher than other sheap in the
same herd but were similar to sheep with normally sized glands Ln
other herds.
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