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Abstract: Fenbendazole, at a precalculated dosage of about 10 mglkyg
of body weight, was fed in pelleted feed each day for 3 consecutive
days to over 200 wild Rocky Mountain Bbighorn sheep in HWashington
{n=65), Idahgo (n=75), and Oregon (n=75) during winter, 1985-1986. A
second study In Hashington (n=G60 sheep) was conducted in 1986-1987.
Before treatment, lungworm larvaes were detected in feces from B4, 93,
and 97% of the sheep Ffrom Mashington, Idaho, and Oregon,
respectively. Mean pretreatment numbers of Protostrongylus spp.
larvaefg of feces (lpg) were 5.9 (WA}, 13.2 (ID), and 24.4 (OR).
Posttreatment samples had ©O.1, O, and &6.B lpg. respectively,
indicating high efficacy. Larvae were detected in 3% (WA)., O% (1D),
and 67% (OR) of the animals after treatment. Numbers of other
parasites were also reduced, and the reproductive rate C(ewe:lamb
ratios) improved after treatment. At Hashington State University, b
pregnant and & non-pregnant captive bighorns were fed fenbendazole at
30 or 50 mg/kg BH (3 or 5 times the field dosage} each day for 6
consecutive days and no toxic effects were observed. Six healthy
lambs were born to the pregnant ewes indicating the safety of the drug
in pregnant blghorn ewes.

Lungworms of the genus Pr rongyl are prevalent in bighorn
sheep populations (Forrester and Seénger 1964, Forrester 1971, Uhazy
@t al. 1973, Hibler et al. 1982). The lungworm-pneumonia complex 13
an important mortality factor for Rocky Mountain bighorm sheep (Ovis
canadensis canadensis) In MNorth America (Buechner 1960, Forrester
1971}, Mortallty results from bacterial invasion of lungs damaged by
lungworm fInfections (Hibler et al. 1982, Spraker and Hibler 1982).
The pneumonia preceding death generally results from a combination of
lungworms, bacteria (Corynebacteriym or Pasteurella spp.), and viruses
(parainfluenza 3 wirus, respiratory syncybial virus), HMortallty Ig
frequent in lambs because transplacental infection by lungworm larvae
occurs, and the maturing Ilungworms overwhelm the young Tambs,
predisposing them to pnesmonia before they are 3 months old. In
populations where lungworm infection produces high mortality, the loss
of the breeding stock may exceed the recrultment of lambs. resulting
In population extirpation (Forrester 1971, Hibler et al. 1982). By
eliminating or significantly reducing numbers of lungworms in bighorn
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sheap, recruitment rates may be increased because mortality due to the
lungworm complex may be reduced significantly.

This trial was to determine the safety and effectiveness of
fenbendazole 1In feed against Protostrongylus spp. In naturally
infected bighorn sheep. In the Pacific Morthwest, bighorns cam be fed
the drug in feed primarily fin winter when ewes are pregnant;
therefore, determining safety of the drug in preégnant bighorn sheep
was also a primary objective.

We thank personnel from the Idaho and Oregon Departments of Fish
and Game, the HWashington Department of Wildlife, and veterinary
ctudents from Hashington 5State University for assisting with fthis
project. 5. Zender and J. Andrews made the safety study possible by
gllowing use of the sheep at Washington State Unmiversity. Funding was
provided by the Western Region USDA Interregional Project 4, Minor Use
Animal Drug Clearance Program.

METHODS
Field Study

Wild Rocky Mountain bighorn sheep were studied in HWashington,
Idaho, and Oregon in winter 1985-1986., and in MWashington in winter
1986-1987. The Hall Mountain herd of about BO sheep was in northeast
Hashington (Pend Oreille County). These sheep had moderate lungworm
Infections, had been fed pelleted feed and hay in winter for several
years, and were acclimated to people and feeding practices. [ (WJIF)
had monitored lungworm numbers inm these sheep for several years. They
have never been hunted. Sheep were treated in winter 1985-1986 and
1986-1987. In Idaho, the Panther Creek herd In the Salmon River
Drainage consisted of about 140 sheep, and historically had a
moderately heavy infection of lungworms. Rams were hunted in fall.
Sheep were treated after the hunting season (winter 1985-1986) to
allow a 8-10 month drug withdrawal period. The Lostine herd of about
100 bighorns was in northeast Oregon (Wallowa County). These sheep
were also given supplemental fead in winter for several years. [
(WIF) had monitored lungworm levels in these sheep for about 5 years.
Rams were hunted on a limited basis in fall. Sheep were treated after
the hunting season (winter 1985-1986) to allow an 8-10 menth drug
withdrawal period. Treated sheep were observed dafly throughout the
experiment to determine any deleterious effects associated with
treatment. Animals weére not killed for tissue evaluation or drug
residue analysis becavse of thair value.

Feed And Drug Composition

Supplemental feed consisted of a pelleted ration {(alfalfa 69%,
barley 31%). Feeding began in December, 1985, and continued for about
30 days before drug administration. During the 30 days, average daily
consumption was determined. Mumbers of sheep eating the pellets were
counted each day and the average feed consumed per head per day was
calculated. The amount of drug (Ffenbendazole) mixed In feed and
pelieted at the Washington State University Feed Plant, was calculated
to approximate a dally intake of 10 mg/kg of body weight, The
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medicated feed was used for 3 consecutive days in January or early
February, Traditfonally, sheep ate the pellets within | hour. He
observed the sheep a: they ate to determine the number of sheep, the
identity of as many sheep as possible, and the amount of feed
consumed.

Sheep

1 had monitored parasite levels of these populations for several
years and determined that BS-100% of the sheep in all 3 herds were
infectad with lungworms (Protostrongylus spp.}. Many sheep in 2 of
the 3 populations (WA and OR} were ear-tagged over the last few years
for identification. Other sheep had specific horn growths, color
patterns, or physical deformities that identified them.

Twelve sheep used for the safety study were captured at Hall
Mountain in & corral trap on December 19, 1985, and transported to
Washington State University. Animals were marked with ear tags, and
releasad finto a 2-ha (5-acre) enclosure developed specifically for
bighorn sheep. Treatment was accomplished in January 19886.

Parasitology

During the pretreatment feeding period, fresh fecal samples were
collected from observed sheep and placed in whirl-pak bags that were
numbered with sheep tag numbers. Samples from non-tagged sheep were
collected randomly. About 30 pretreatment fecal samples were
collected From sach population on the day of treatment. Approximately
20 pellets were collected from each sheep and 10 g of feces were
evaluated for lungworm larvae with the Baermann technique (Beane and
Wobbs 1983). Mumbers of Protostrongylus larvae per g of feces were
recorded. Fecal flotation (sugar solution, sp. gr.=1.27) was used fto
determine the identities and numbers of other parasites.

About 4 weeks after treatment, 30 fecal samples were collected
from tagged and untagged sheep In each population, Feces wers
analyzed to determine numbers of Protostronqwvius larvag and other
parasites per q.

Percent efficacy was measured by mean number of larvae in the
pretreatment  samples, minus  mean  numbers of larvae in the
posttreatment samples, divided by mean number of larvae In the
pretreatment samples, times 100.

Penned Sheep Safety Study

Twelve sheep (6 mature ewes, J immature ewes, | ram lamb and 2 ewe
lambs) from the Hall Mountain population were maintained at HWashington
State University to determine the safety of fenbendazole. Six sheep
{Group 1) were treated dally with fenbendazole In feed for 6
consecutive days at 30 mg/kg of body welght (BW) which was 3x the
proposed field dose of 10 mg/kg. 5ix sheep (Group 2 were treated
dally for & days with fenbendazole In feed at 50 mg/kg BH, 5x the
proposed fleld dose. Sheep were assigned randomly to treatment groups
with 1 lamb in Group | and 2 lambs in Group 2. Sheep werse observed at
least twice dally to determine 1f any adverse signs were associated
with dryg treatment. 5ince treatment was after the breeding season,
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mature ewes (2 1/2 wears-old and older) were assumed to be pregnant.
Sheep were maintained at WSU for 30 days before treatment and for 6
months after treatment. Observations on lambs born tO treated ewes
were recorded.

Feed Analysis

Replicate feed samples were analyzed for fenbendazole content by
Scientific Associates, Inc., 5t. Louis, MO 63123.

RESULTS

Feed assay results were 111-115% of thearetical, findicating
excellent mixing of drug. Mo toxicity of the drug was observed in any
herd of sheep.

Farasitology

In all studies, sheep ate the medicated pellets readily, vsvally
within one hour, indicating the palatability of Ffenbendazole. Based
on preatreatment analysis of fecal samples, Protostrongylus larvae were
detected in B4-100% of sheep 1in each populaticn €Table 1). Mean
numbers of larvae were 5.9-24.4 per gram of feces. After treatment,
Protostrongylus larvae were detected in 0-67% of the sheep, with 0.68
larvag per gram of feces (Table 1), Indicating a substantial reduction
In larvae. Gastrointestinal parasites such as Nematodlirus, Trichurls,
and Moniezia, also were adversely affected by treatment (Table 1).
Other parasites present in low numbers were trichostrongyles, Eimeria

spp., and Skrjabinema sp.
Lamb-Ewe Ratios

In Washington, the lamb-ewe ratios for 5 years before treatment
were 17-63:100. The year after Initial treatment, the ratio was
73:100 (Table 23.

Table 2. Ewe-lamb ratios in The Hall Mountain, Washington, bighorn
herd before and after treatment with fenbendazole in 1986,

Year Lambs/ 100 ewes
1981-82 17
1982-83 36
1983-84 59
1984=85 63
1985=-86 (Treatment) a1

1986-87 13
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Safety Study im Captive Bighorn Sheep

During the 30-day acclimation period in the 2Z-ha pen, the sheep
adjusted to the fences and to daily wvehicle traffic nearby. HNo
acclimation problems were apparent. Sheep in Group | that were fed
fenbendazole at 30 mg/kg BH for 6 consecutive days, and sheep in Group
2 that were fed fenbendazole at 50 mgfkqg BW Ffor 6 consecutive days ate
the feed readily. Mo adverse effects associated with treatment were
observed. Between May 19, and June 3, 1985, 6 lambs were born to the
f mature ewes and 5 of these were raised to weaning. The sixth lamb
was removed from the ewe on the day of birth because of severe weather
conditions, and 1t subsequently died of pneumonla at 5 days of age.

DISCUSSION

Based on the data, fenbendazole fs safe when incorporated into
feed and fed to wild bighorn sheep at approwimately 10 mg/kg BH.
Efficacy of fenbendazole against Protostrongyius spp. was excellent in
2 of the 4 studies, and moderate In the utEar 2, It is 1lkely that
some untreated animals mixed with treated animals during the post-
treatment period. Data from these sheep would bias evaluations of
treatment efficacies. Comparisons of pretreatment vs. posttreatment
samples within tagged sheep indicated higher efficacies. In the
Oregon  study, about 9 weeks lapsed between pretreatment and
posttreatment collections. Although this was not intended, sSnowstorms
delayed collections. New untreated sheep may have moved in during
this period, and some szomatic larvae in treated sheep may have
matured. Fenbendazole 15 effective agalnst adult Protostrongylus. but
may be less effective against somatic larvae (Schmidt et al. 1979).
In dogs, fenbendazole prevents transplacental migration of larval
Toxocara canis when fed during the time of larval migration {(Burke and
Roberson 1983). It 15 not known whether transplacental migration of
Protostrongylus 15 prevented if fenbendazole 15 fed dafly during the
period when larval migration occurs between and ewe and Fetus. It may
be necessary to feed fenbendazole for a long duration to eliminate
most transmission.

Ivermectin at a subcutanecus dosage of 0.2 mg/kg of body welght.
and albendazole at an oral dosage of 10 mg/kg of body weight have also
been effective in reducing Protostrongylus larvae in feces of infected
bighorns (Foreyt and Johnson 1980, MiTler et al. 19873, and may also
have application in the overall health care of bighorn populations.
Since the effects of parasites, especially lungworms, can be severe in
bighorn populations, a field deworming program may benefit the health,
retp;-uductlw status, and survival of a herd, as indlicated in this
study.
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