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MUELLERIUS CAPILLARIS (MUELLER, 1889) (NEMATODA:

PROTOSTRONGYLIDAE): AN UNUSUAL FINDING IN ROCKY MOUNTAIN

BIGHORN SHEEP (OVIS CANADENSIS CANADENSIS SHAW)

IN SOUTH DAKOTA

M. J. Pybus and H. Shave2

ABSTRACT: Lungs and fecal samples from nine hunter-killed Rocky Mountain bighorn sheep
were examined for lungworms. Al! samples contained adults and/or larvae of Muellerius capillaris
(Mueller, 1889). Protostrongylus spp., the lungworms commonly reported from bighorn sheep,

were not present in any samples. Larvae of M. capillaris bear a spine on the dorsal side of the
posterior end and are shorter than dorsal-spined larvae of other lungworms recorded from North
American ungulates. Larvae similar in shape but longer than those of Muellerius were found in
free-ranging bighorn sheep in Alberta and British Columbia. In addition, dorsal-spined larvae
have been found in bighorn sheep in Montana, North Dakota, and Washington. The identity of
the dorsa!-spined larvae is known only from sheep in South Dakota. Thus, caution must be taken
when diagnosing lungworm infections in Rocky Mountain bighorn sheep.

INTRODUCTION

Three species of metastrongyloid lung-

worms (Nematoda: Protostrongylidae)

have been reported from Rocky Mountain

bighorn sheep. All are members of the ge-

n us Protost rongylus: Protostrongylus

frosti Honess, 1942, Protostrongylus rushi

Dik mans, 1937, and Protostrongylus

stilesi Dikmans, 1931. Protostrongylus

frosti was described from bighorn sheep

in Wyoming (Honess, 1942) but addition-

al specimens have not been collected and

its taxonomic position is uncertain (see

Dougherty and Goble, 1946; Dikmans,

1957). Protostrongylus rushi and P. stilesi

have been reported frequently and are

distributed widely throughout popula-

tions of Rocky Mountain bighorn sheep at

prevalences ranging from 90 to 100%.

An evaluation of lungworm infections

in Rocky Mountain bighorn sheep in Cus-

ter State Park, southwestern South Dakota

was undertaken. The lungs of all sheep
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examined contained M uellerius capillaris

(Mueller, 1889) in the parenchyma; none

was infected with Protostrongylus spp.

MATERIALS AND METHODS

During December 1980 and 1981, lungs and
fecal samples were collected from nine hunter-
killed bighorn sheep from Custer State Park,
South Dakota (lat. 44#{176}N,long. 103#{176}W). The
sheep were 5#{189}to 9 yr old. In 1981, the ventral

edge of the left diaphragmatic lobe was re-
moved and fixed in formalin for histologic study.
In 1981, samples taken from lesions in each of

six lungs were incubated on sterile agar with
5% bovine serum in an atmosphere of 10%

carbon dioxide at 37 C for 48 hr and then
scanned for identification of bacterial colonies.
The remaining material was frozen and sent to
the University of Alberta where it was thawed
and the gross lesions examined and removed.
Some lesions were teased apart and adult worms
removed. The remaining areas of tissue damage
were placed overnight in a pepsin/HCI digest
at 37 C. All bronchi and bronchioles in the rest
of the lung were opened and examined for he!-
minths. Fecal samples were weighed and placed
in a Baermann apparatus overnight. One
hundred ml from each funnel were centrifuged
for 10 mm. The supernatant was removed and
the remaining 10 ml were examined at 25 x

magnification. Results were expressed as the
number of larvae per gram of feces. Approxi-

mately 10 larvae collected from each sample
were heat-killed in water and then measured at
200x magnification. Larvae collected from the
feces of free-ranging Rocky Mountain bighorn
sheep in Banif, Alberta (lat. 51#{176}N, long. 1 16#{176}W)
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FIGURE 1. Total length of first-stagelarvae (=dorsal-spined larvae) of various metastrongyloid nematodes.

(Horizontal bar = range; shaded area = 1 SD; thick vertical bar = mean; number above mean no. larvae

measured.) [Data for Elaphostrongylus cervi from Lankester and Northcott (1979); Parelaphostrongylus

andersoni and P. odocoilei from Pybus (unpubl. data); P. tennis from Anderson (1963); Unknowns 1-3 are

samples from bighorn sheep in Alberta (#1) and British Columbia (#2 and 3) (see text); Muellerius capiliaris

(this paper).]

and Premier Ridge, British Columbia (lat. 49#{176}N,
long. 115#{176}W)were also heat-killed and mea-
sured.

RESULTS

All fecal samples from sheep in South

Dakota contained nematode larvae bear-

ing a small spine on the dorsal side of the

posterior end. Intensities ranged from 1.4

to 2,604 larvae/gram (mean 507 ± 857).

The total length of these larvae was sig-

nificantly less than the dorsal-spined lar-

vae in the samples from sheep in Alberta

and British Columbia (F = 156, df = 3,196,

P < 0.001) (Fig. 1). No other nematode

larvae were found.

Gross examination of the lung samples

revealed firm, raised, pale yellow to trans-

lucent grey circumscribed or elongate

nodules in the parenchyma of all samples

examined. Lesions were restricted largely

to the subpleural surfaces of the dorsal and

dorso-lateral aspects of the diaphragmatic

lobes. One sample contained nodules along

the ventral edge of the cardiac lobe and

another had extensive diffuse pale areas

throughout the distal diaphragmatic lobes.

Adult nematodes were collected from
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each set of lungs examined. Based on de-

scriptions by Cameron (1927) and Ge-

richter (1951), the specimens were iden-

tified as Muellerius capillaris. Specimens

were deposited in the National Museum

of Canada Invertebrate Collection

(NMCICP1984-0323) and the United

States National Parasite Collection (78054).

Males and females were usually present in

each nodule and individual nodules often

contained 10 to 20 adults. Eggs and larvae

were also present in most nodules. All lar-

vae seen in the lungs had a dorsal spine

on the posterior end.

Lesions in histologic sections were in-

dicative of a granulomatous pneumonia

associated with adult worms, larvae, and

eggs. The major lesions were chronic

bronchitis, bronchiolitis, bronchiectasis,

smooth muscle hyperplasia, and a marked

perivascular and peribronchiolar lym-

phoid cell accumulation. No pathogenic

bacteria were isolated from the lungs of

the six animals examined.

DISCUSSION

Muellerius capillaris is a common and

ubiquitous lungworm in domestic ani-

mals, particularly sheep and goats (Souls-

by, 1968; Jubb and Kennedy, 1970). It has

not been identified previously in wild an-

imals in North America. The size of adult

Muellerius capillaris and Protostrongylus

stilesi is similar but the tightly-coiled tail

of the adult male distinguishes M. capil-

laris from all other lungworms.

Demartini and Davies (1977) reported

adult Muellerius sp. in Rocky Mountain

bighorn sheep collected in Custer State

Park but did not mention the tail of the

adult male nematodes. Other reports of

Muellerius sp. in bighorn sheep (see Hud-

son et al., 1971, 1972; Bandy, 1972; Foreyt

and Johnson, 1980), Dall’s sheep (Ovis

dalli Nelson) (Goble and Murie, 1942;

Neiland, 1972; Dau, 1981), reindeer

(Rangifer tarandus (Linnaeus)) and

muskox (Ovibos moschatus (Zimmer-

mann)) (Dau, 1981) were based on the

presence of dorsal-spined larvae in fecal

samples. Although a dorsal spine in the

first-stage larva readily distinguishes

Muellerius from Protostrongylus, the

feature is not unique to the genus.

There are a variety of protostrongylid

nematodes known to have first-stage lar-

vae bearing a dorsal spine. The species

present in free-ranging ungulates in North

America include Parelaphostrongylus an-

dersoni Prestwood, 1972, Parelaphostron-

gylus tenuis (Dougherty, 1945), and Va-

restrongylus (=Leptostrongylus) alpenae

(Dikmans, 1935) in white-tailed deer

(Odocoileus virginianus (Zimmermann))

(see Prestwood, 1972; Anderson, 1963;

Prestwood and Pursglove, 1974; respec-

tively); Parelaphostrongylus odocoilei

(Hobmaier and Hobmaier, 1934) in black-

tailed deer (0. hemionus columbianus

(Richardson)), mule deer (0. hemionus

hemionus (Rafinesque)) (see Brunetti,

1969), and mountain goat (Oreamnos

americana (de Blainville)) (see Pybus et

al., 1984); and Elaphostrongylus cervi

Cameron, 1931 in caribou (Rangifer tar-

andus (Linnaeus)) (see Lankester and

Northcott, 1979). Larvae of Muellerius

capillaris were shorter than those of the

other species (F = 180, df = 5,300, P <

0.001) (Fig. 1). However, larval measure-

ments provide only a clue to the identity

of the infection; specific diagnosis must be

based on the examination of adult nema-

todes.

Demartini and Davies (1977) suggested

that larvae of Muellerius sp. could be dif-

ferentiated from those of Parelaphostron-

gylus sp. by width, shape of the tail, and

length of the dorsal spine. In our experi-

ence, the shape of the tail and the spine

are variable in Parelaphostrongylus an-

dersoni and P. odocoilei and should not

be used as a distinguishing feature.

Lankester et al. (1976) suggested similar

variation may occur in larvae of a worm

later identified as Elaphostrongylus cervi

(see Lankester and Northcott, 1979).

Muellerius infection is relatively non-
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pathogenic and rarely causes clinical dis-

ease in domestic sheep and goats, al-

though it has been implicated in a few

cases as a factor predisposing the lungs to

secondary bacterial and viral agents (Jubb

and Kennedy, 1970). The gross features of

the lesions seen in bighorn sheep were

similar to those described from domestic

sheep (Beresford-Jones, 1971). However,

nodules in the lungs of domestic sheep re-

portedly contain only one, or perhaps two,

adult worms while those seen in the big-

horn sheep contained numerous worms.

Thus, there is a potential for more exten-

sive granulomas and associated tissue

damage in bighorn sheep than in domestic

sheep. In addition, Demartini and Davies

(1977) reported Muellerius sp. as the ma-

jor pathologic agent present during a die-

off of captive bighorn sheep moved from

Custer State Park to Colorado.

It is significant that no larvae or adult

specimens of Protostrongylus spp. were

seen in any of the current samples. These

worms apparently were not present in the

sheep examined by Demartini and Davies

(1977) and a review of the literature in-

dicated that there is no report of P. stilesi

in bighorn sheep from South Dakota. This

finding is contrary to the general belief

that Protostrongylus spp. are present in

most populations and, indeed, most indi-

vidual Rocky Mountain bighorn sheep.

The reasons for their absence in South Da-

kota are unknown.

In addition to the reports mentioned

previously, dorsal-spined larvae have been

found in fecal samples from Rocky Moun-

tain bighorn sheep from Alberta and Brit-

ish Columbia (Pybus and Samuel, unpubl.

data), Montana (Forrester, pers. comm.),

and North Dakota (Alstad, pers. comm.).

The larvae from some populations in Al-

berta and British Columbia do not appear

to be those of Muellerius capillaris (see

Fig. 1). Further investigation is encour-

aged to determine what parasite or para-

sites are present in these bighorn sheep

populations.

The results in this study have three im-

portant implications for researchers and

managers of bighorn sheep. Firstly, infec-

tion with Muellerius capillaris was veri-

fied and the potential damage to the lungs

described. The possibility of cross trans-

mission of M. capillaris between wild and

domestic sheep should be investigated.

Secondly, the population of Rocky Moun-

tain bighorn sheep in Custer State Park

appears to be free of infection with Pro-

tostrongylus spp. Lastly, unidentified

nematode(s) which produce dorsal-spined

larvae are present in some sheep popula-

tions and should be considered during any

investigations of the lungworm parasites

of bighorn sheep.
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