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INTRODUCT 1 ON

Intensive research on bighorn sheep herds In Colorade was initiated
In 1970 to determine the nature and cause of excessive lamb mortality.
Research revealed that lambs were dying of pneumonia beglinning when they
were about & wesks old. Some herds, such as the Plke's Peak, Rampart,
and 4-Mile herds were suffering roughly 95 percent mortality. As a
result these herds stagnated and began to decline from old age dlie-off.
A collection of bighorn sheep lambs was initlated to determine the cause
of this pneumonla. Gross and histologle study, together with parasitologlie,
virologic, bacteriologic, and serologic examination revealed the pneumonia
was caused by Pasteurslla sp. However, further examination revealed that
lambs with pneumonia had extremely heavy burdens of the lungworm, Proto-
strongylus stllesi. Considering the age of these lambs, the only means
by which they could have become so heavily infected was either by means
of transplacental or transmammary infection. Subsegquently, Tntensive
research revealed that these lambs became infected wia the transplacental
route. In summary, ewes ingested Infected smalls from the range, stored
the third-stage larvee in their lungs until the last trimester of pregnancy,
and then transmitted these larvae to the fetus. Larvae remained stored
in the fetal liver until birth, at which time they entered the lungs and
began maturation. Lungworms matured in about 20 days and began to pro-
duce eggs. Shortly thereaftar, these eggs hatchaed inte larvae, and the
larvae began the journey towards the mouth, to be swallowed and passed
out with the Teces. Collection and examination of lambs revealed that
the animals were born with extremely heavy burdens; burdens of sufficlent
size to predispose the lambs to a fatal pneumonia by species of Pasteurella

We reasoned that control of the lungworm would offset the possibility
of pneumonia by Pasteurella and give the lambs a chance to 1lve. Observa-
tion indicated that adult ewes, once infected, were Immune to super=
imposed Infection. Therefore, we reasoned that |If the lamb had the
opportunity to acquire lungworm following birth (without overwhelming
burdens), they too would develop an acguired immunity. We were fully aware
that there were no medications on the market considered effective against
species of Protostrongylus. Obviously, we sought a medication which would
eliminate adult lungworm and third-stage larvae stored in the ewes' lungs
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as wall as flrst=stage larvae. In the event that this was unsuccessful,
wa had hopad to find a medication effective against the third-stage
larvae stored in the ewes' tissuves to give the Tambs a chance at life.

A number of compounds were evaluated on captive sheep prior to going
into the field. However, the true trial of an effective medication s
not in a captive situation, but In the fleld; therefore, the results
presented deal only with the fleld trials,

HATERIALS AND HETHODS

Although one of us (Schmidt) had developed and proven "Apple Mash"
was an extremely good vehlicle for balting, trapping, and treating big-
horn sheep, logistics dictated that In the early phases of the field
trials, we treat sheep Individually with each of the compounds under con-
sideration. Therefore, In the winter of 1974, the modified drop net
(modIfled by Schmidt) was set up on Plke's Peak for the purpose of capturing
bighorn sheep ewes. The approach was to capture bighorn sheep, place a
color=coded and numbered neck band on each one, and treat them with a
specific medication. They were then released into the environment. There-
after, collared sheep were to be observed as often as was Feasible to
determina if they did or did not have a lambwhich survived. Previous
observations revealed that patient observation would eventually resulr
in pairing of the ewes and lambs as the lambs nursed.

During the period of February through April, 1974 & total of 52
bighorn shesp ewes were treated with various drug combinations. These
drug treatments were evaluated during the 1974-75 segment by observing
and recording lamb natality and survival of collared treated ewes Versus
lamb natality and survival of collared and wuncollared untreated ewes.
Matality and survival of lambs was determined by pairing each lamb with
its dam every time population composition classifications were conducted.
These pairings were done by observing from a distance groups of bighorn
shesp containing ewes and lambs until every lamb in the group had nursed
a owe-

Based on previous experience and trials with captive bighorn sheep,
four drugs ware chiosen: Tramisol, Cambendazole, Thiabendarole, and
Dichlorvos.

The following year, the objective was to treat bighorn sheep ewas
with the medication of choice determined during 1974. However, durling
1975, the Pike's Peak bighorn shesp were treated with drugs administered
in apple mash bait without capturing the animals. The method of evaluation
was to determine the efficacy of treatment on the previously collared
ewes., We felt that most of the collared ewes (obviously nlong with the
uncol lared ewes) would “self-treat'" themselves through the apple mash.
Thereafter, the same procedure of pairing adults and lambs (see above
paragraph) would be employed.



RESULTS

The results of the 1974 treatment (evaluation of the best medication)
is presented In Tables | and 2. Untreated ewes on Pike's Peak during
1974 experienced a 95 percent lamb mortality, as opposed to the treated ewes
{Table 1) durlng that ysar. The major period of lamb mortality on Pike's
Peak occurred sometime between July and August. 1974.

The resules of the 1974 treatment (Table 1) revealed thar Cambendazole,
Thiabendazole, or Dichlorves were all potentially good compounds for the
removal of third-stage larvae, mither from tha ewes' lungs or the fatal
llver, Fecal samples obtained from lambs born to treated ewss indicated
a very low level of infection (0~100 larvae/gram of feces). A1l lambs
were extremely healthy, grew faster, and wera much larger than any lamb
sean praviously on most sheap ranges in Colorado.

The 1974 results indicated that Cambendazole was the drug of choice.
Several reasons prompted this decision: 1) the drug was relatively non=
toxic, 2) the drug was palatable, and 3) the drug showed high efflcacy
against third=-svage larvae. Therefore, in 1975, Cambendazole was dellivered
in apple mash. The goal was to deliver B.4 cc of Cambendazole and 3200
milligrams of Diethylecarbamazine to each adult bighorn sheep utilizing
the bait stations. Drugs were mixed with apple mash baits on 5 dates:
March 14, April 10, April 12, April 16, and April 17. Seven drug dellivery
stations were Salected within the winter habitat freguented by wvarious
segments of the Pike's Peak bighorn population. Balting with apple mash
{without drugs) was Tnictlated the first week in January. Balt was
dellivered twice dally and observations were kept on the amount of balt,
the number of sheep using each balt site after balt placement, and the
amount of balt consumed. These data were used to compute the average dally
consumption per Individual bighorn per day. From these data it was
estimated by one of us (Schmidt) that each adult sheep consumed about 5
pounds of apple mash per day during those days they visited the bait station.
Therefore, medication (at a therapeutic level) was mixed within the apple
mash on the assumption that an adult sheep would consume 5 pounds per day,
lambs would eat about 2 pounds, while yearlings would consume about 4 pounds.
The results of the 1975 treatment with Cambendazole revealed that treated
ewas had an 85 percent lamb survival, whereas untreated ewes had a 15
percent lamb survival.

DISCUSSION

The medication applied to the bighorn sheep on Pike's Peak (and In
other herds) does not eliminate the adult Tupgworm, but it does sSupress
larval production (the First-stage larvas) for periods of up to 6 weeks.
However, it has been observed that the larvaefgram output posttreatment
is considerably lower than the pretreatment output, indicating that Some
of the adult lungworms are eliminated. MHost important, the results of
medication in captive as well as free-ranging bighorn sheep indicate
that the third-stage larva Is practically eliminated from the ewe (or the
fetal liver). Fecal collections and examination from lambs born of ewes
durlng 1974 and agaln during 1975 revealed very low numbers of first-
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Table 1. Summary of 1974-75 Plke's Peak bighorn shesp lamb survival
compar ing various drug treatments.

Ho. of ewas
individually Lambs positively

Ho. identiflied fdentified with a Percent
ewes at least once treated ewe from Tamb

Drug treated after Sept. 1974  Oct.1974-Har.1975  survival
Tramisol 1/ q ] 4 50
Cambandazole l.f 13 7 7 | [l
Thiabendazole 10 & 5 B3
bichlorvos 20 14 12 1

l? Treatment contained diethylcarbamazine.

Table 2. Comparisons of 1974-75 Plke's Peak bighorn shesp lamb survival
from ewes treated with drugs in 1974 and ewss not treated
(treated ewes include all drug treatments).

Ho . Lambs : Ho. Lambs :

untreated  Ho. 160 treated Ho. 100

Perlod ewes)l/  lambs  ewes opwes  lambs ewes
June-Aug. 1974 53 38 72:100 &) b0 98:100
Sept.-Dec. 197h Bo & &:100 &7 1 65:100

Jan.-April 15, 1975 122 6 5:100 93 62 67:100
1/ Some of the ewes llsted as untreated were treated In 1573 but did not

receive treatment in 1974,



stage larvae in the fecas. Moreover, all of the lambs were much

larger and healthier than previously observed on Pike's Peak or in
other herds throughout the state. These lambs did not have paroxysms
of coughing, rough hair coat, nor did they lag behind when the herd

was frightenad and caused to run. Additionally, we obssrved that
treatment of large numbers of sheep on Plke's Peak (over the 2-year
perlod), accompanied by a die-off of the older mare heavily Infectad
animals, resulted In a major reduction In the numbar of larvaefgram

of feces among Indlviduals In tha herd. Larval levels averaged about
3000/gram of feces among adult sheap on Pike's Peak prior to treatment,
and larval levels of 7-9000 per gram of faces were prasant among the
lambs. Follewing the 1 years of medication on Pike's Peak, the average
dropped to about 500 larvae/gram of fecas among adult sheep and
approximately 50 larvaefgram among lambs.

Howaver, since the medication doas not aliminata adult lungworm,
lungworm levels will develop onca again to the burdens obsarved in
1970 through 1974 unless treatment is applied on an annual basis.
Hopefully, the future will bring a medicacion which will eliminate tha
adule lungworm at wall as the Tirst and third-stage larvaa.
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