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INTRODUCTIOM

A gradual decline In populations of Rocky Mountain highorn sheep In
western North America during the 20th century has often been attributed to
a lungworm pneumonia dlsesase complex (Buechner 1960, Forrester 1971). The
oceurrence of lungworms of the genus Protostrongylus has been dmm?ud
in all areas Inhablted by Ovis c. canadensis, grm British Columbia (Cowan
1951) and Albarta (Uhazy and Holmes 1971) south through ldaho (Quortrup and
Sudhaimer 1944, Smith 1958), Hontana (Marquardt and Senger 1956, Forrester
and Senger 1964), Wyoming (Honess 1942), and Colorado (Moser and Pillmore
1954). Although a direct relationship batwean lungworm infection and
fluctuations in bighorn numbers has not baen clearly established, Buechner
{1980) stated thatr thea lungworm=pneumonia complex appeared to act as a
regulating mechanism in situations whare the habitat favored increases In
density of bighorn populations. In Colorado, Pillmore (1857) concluded that
protostrongy ]l id lungworms can cause significant mortality in wild sheep
regardless of the condition of the rangs or the herd in question. Marsh
(1938) found that P. stilesi was the primary pathogen in a chronic pneumonia
syndrome oceurring In bighorns In Glacler Natlonal Park. In a related study
in western Montana, Couey (1950) attempted to correlate field mortality in
the Sun River herd with the presence of lungworms or other disease agents.
The first comprehensive evidence of Jung nematodes in Hontana sheep was
comp | led by Forrester and Senger (1964}, who used both fecal analysis and
postmortem data to assess the distribution and extent of protostrongylid
Infection In 10 geographically distinct populations, The present study was
designed to update these earller findings and reassess the prevalence of
ProtosLr lus specles In many of the same herds examined earller. A
second EEE“IH; was to estimate the effect of herd reduction programs
currently In use in Montana on the level of lungworm infection in both the
parent herd and transplanted animals.

HATERIALS AND HETHODS

The prevalence of Protostrongylus stilesi and/or P. rushi in the study
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herds was determined primarily by pericdic fecal examinations at Irregular
intervals between 1970 and 1975. Eight of the herds studied were also
Included in Forrester and Senger's 1964 survey. In a Few instances Feces
wore available from sheep of known age and sex. Pellets were collected at
random From bedgrounds and Feeding areas. Because of the method and Lime
af collection, samples were predominantly From ewes, lambs, and youpg rams
on wWinter or spring ranges. A modifled Baarmann technique was used bto
isalate First stage lungworm larvas From Feces. The mean number of animals
examined In each locality was 43, with samples taken an average of Ffour
times From each hard. Pellets usually were stored in paper or plastic
bags for | to b weeks at approximately 49 C. before they were processed.
Larval counts were expressed as larvae per gram of feces (LPG).

Supplementary Information on species occurrence and intensity of
protostrongylid nematodes was obtained by postmortem examination of lungs
from hunter-killed animals, road kills, and sheep necropsied Tor experimental
purposes. The pleural surfaces of the lung were examined for the pressnce
of plagues, nodules, or other surface lesions characteristie of the paren=
chymal lungworm, P. stlilesl. The trachea, bronchl, and major bronchloles
ware then opened with scissors and the mucosal surfaces and lumina were
searchad grossly for P. rushl adults. In most Instances, portions of lung
tissue from areas having parenchymal leslons were cut Into small pleces
and basrmannized or immarsed in warm sallne solutlon and aglitated on a
mechanical shaker in an attempt to conflrm the presence of P. stilasli.

Worms recoversd by elther technlique were counted and |dentifled to species
when possible, using the critaria of Honess and Winter (1956). A total of
610 fecal examinations and 36 lung necropsles form the basis for the presant
report.

RESULTS AND DISCUSSION

The occcurrence of lungworms in 12 westarn Montana bighorn herds
during the pariod 1970-1975 is summarized In Table 1. Overall, B8 percent
of 610 sheep were found infected, with herd incidence ranging from 100
parcant in the Gallatin, Mational Bison Ranga, and Wildhorse |sland hards
to bk percent in the Kootenai Falls area. Current infection rates were
highar in two herds, lower in five herds, and simllar in one Instance to
Forrestar and Senger's 1964 dara.

A major change in species distribution of lumgworms noted in the present
survey was a decrease of approximately 41 percent from the previous decade
in the proportion of sheep infected with P. scilesi. Although this may be
duee Tn part to minar differences in the Mrauhi: origin of the sheep
sampled In the two studies, one implication Is that parenchymal lesions
assoclated with this lungworm appeared to be much less freguent than those
reported by Forrester and Senger (1964). P. stilesi (synonym P. frosti)
was regarded as the principal agent of verminous pneumonia in mountaln
sheep by Honess (1942), who concluded that P. rushl alope Is relatively
nonpathogenic. Both the Incidence and Intensity of P. rushi infections
were essentially the same as in the previous survey: &4 percent infected,
with worm burdens averaging 10 in the present study vs. 40 percent with
eight worms per Infected host during the pericd from 1958 to 1963. We
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found pure Infections with P. rushi occasionally In both immature and adult
sheep, In contrast with the previous study in which P. rushi occurred only

In mixed infections with P. stilesi. This apparent shift in specles prevalence
no doubt Is biased somewhat Because the majerity of cur necropsies were per-
formed on sheep from recently Introduced herds. HNevertheless, these post-
mortem findings conflrmed evidence derived from fecal examinations that sheep
moved to new ranges tended to have fewar lungworms than animals in established

herds.

Attempts were made to estimate the severity of Protostrongylus Infections
in five major Montana herds with the use of guantitative Tecal examinations
{(Table 2). Oue to problems associated with interpretation of fecal larval
counts, no effort was made to correlate our fecal analysis data with that
from previous studies. The two eriteria used to compare herd infection levels
wera the average rata of larval cutput in the feces and the percentage of
counts which exceeded 100 LPG. On the basls of both these indices, the Sun
River herd ranked highest and the Ural-Tweed herd lowest in terms of lungworm
burdens. Intemstingly, the Incldence of Infection In the Sun River population
also was among the highest In the state, whereas In the Ural-Tweed sample it
was well below the statewide mean. These results suggest that a lungworm
survelllance program based on both Incldence and Intensity data might be a
wseful method of monitering the relative level of herd infection on & routine
basis. Possible appllications Include determining when over=intensive range
use has resulted In an excessive bulldup of parasitism. Management programs
which could be implemented in response to such findings such as trapping/
transplanting, elther sex hunting, or acquisition of additional grazing areas
might avoid serious disease problems as well as deterioration of available
ranges -

The only extensive bighorn mortality which occurred in Montana during
the current study was the death of approximately 58 sheep on Wildhorse lsland
during the winter of 1972. Although malnutrition was bellieved to be &
major cause of this die-off (Egan 1975) thorough examination of the digestive
tracts and lungs of four adult sheep found dead revealed severs pneumonis
In a1l instances, with major areas of consolidation and scattered pulmonary
abscesses and adhesions. Specimens of P. stilesi were recovered from three
of the four animals examined. Massive concurrent Infections with four or
more stomach and intestinal nematode species and ovine coccidia in all animals
indicated that severe clinlcal parasitism of the gastrointestinal tract also
was a predisposing Factor in the death of these sheep. The significant
level of parasitiss encountered in the Wildharse lsland sheép suggests that
the concurrent effects of verminbus preumonia and gastrolntestinal parasitism
can be fatal, even in adult rams.

A comparison of infection rates In native and Introduced herds Suggests
that the prevalence of Protostrongylus spp. was higher In established groups
whlech have occupied defined ranges continuously for many years such as the
Sun River, Stillwater, and Gallatin herds (Table 3). Mew herds created by
transplanting sheep to ranges which have not supported bighorns In recent
years showed a consistent pattarn of lower Infection rates, accompanied in
most Instances by reduced prevalence of P, stilesi. The Thompson River hard,
which was resstablished In 1959 with sheep moved from the Sun Rivar and
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Wildhorse Island, had & level of protostrongylid infection slightly lower
than either source herd (B6 percent vs. 90-100 percent, respectively). The
other Introduced herds which we studled showed a more pronounced tendency
toward a decrease In Infection. The Kootenal Falls herd, a transplant
derived from the Sun River, had a &b percent incidence of Protostro Tus
spp. Sheep recently introduced on the sast fork of the Bitterroot Ei'ﬂ'll‘
showed a 10 percent reduction in lungworm incidence in comparison with
thelir source herd. Based on very limited postmortem data Trom sheep moved
to the Gates of the Mountains area from the Sun River, we found only 50
percent to be positive for lungworms. Although the loag-term effects of
relocating sheep from ancestral ranges are difficult to predict, our data
suggest that at least temporary benefits can be expected in introduced herds
‘from a reduction in the stresses assoclated with chronie lungwoerm infectlon.

Periodic removal of surplus sheep from an expanding mative populatlion
in the Sun River area has had little apparent affect on the prevalence of
lungworms in the herd. In 1950 Couey found that B5 percent of 160 sheep
were positive for Protostrongylus. In 1964 Forrester and Senger reported
that all of 95 bighorns were inhcmd. Our data Indlicated that 90 percent
of 104 animals from this area were posltive for lungworms during the pariod
from 1971 through 1973. Thus, the percentage of parasitized sheep remalnsd
essentially the same in spite of the removal of 497 animals from the hard
for transplanting durlng the perliod from 1941 to 1974 (Egan 1975).
Substantial numbers also have been removed by hunting since the early
1950's. It seems possible that reduction programs developed for the Sun
River herd may have helped to minimize parasite problems by reducing the
intensity of lungworm infections acquired by sheep rather than by prevent-
ing exposure to the parasite per se.

On the basis of the reduced lungworm prevalence rates noted in adult
sheep which were moved to new ranges, It seems |lkely that the consistently
high rates of infection found in established herds grazing on ancestral
ranges are the result of constant reexposure to heavlly contaminated ranges
rather than the persistence of primary Infections acquired as lambs. This
could be one explanation for the reduction In lungworm incidence obsarved
in the Thompson River, Kootenal Falls, and Cates of the Mountains herds,
all of which were originally established with sheep from sources consistently
infected with lungworms. Current Hontana herd reduction programs which
utilize both transplanting and regulated hunting thus appear te have a
sound biological basis for parasite control as well as range management
purposes. Untll more direct measures can be developed For control of sheep
lungworms such as medication or eradication of snail intermedlate hosts,
hard reduction remalns the most practical methed for minimizing morbidity
and mortality resulting from the lungworm-pneumonia complex In the Rocky
Mountain blghorn.
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