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Absiract; Seventeen years have passed since bighomn sheep (Ovis canadensis canadenesis) n
Yellowstone National Park (YNP) experienced o massive Chfamydial-caused die-off. Currently,
o sign of Chlamyelie or pneumonia is evident in the population, thus other factors are
considered 1o be limiting the population. Populations directly outside YNP have also declined.
suggesting the problem is not isoluted to the Park, A suspected direct causal relationship
between increasing elk (Cervay elapdiny) and a decline in bighorn sheep has not been proven.
The winter of 1996-1997 was one of the most severe on record, yet moriality was not abnormally
hugh for bighomn sheep. The maonty of lamb mortality occurred in early summer, except for a
band on Mount Washbum that experienced no mortality until arrival on the winter mnge in
October. Further evidence of predation was found in populations that remained close to the
northern winter range during the summer. Large numbers of elk wintering along the northern
boundary may provide a source of camion for high densities of coyotes (Canis lairans) and
polden eagles (Aguila chrysaitos) in the winter, and serve as a prey base for lions (Puma
concelor). These predators may switch to bighom sheep in the summer.
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INTRODLUCTION

Bighorn sheep ((vis canadensis canadensis) populations on the northemn winter range of
Yellowstone National Park (YNFP) have ranged from a high count of 487 in 1981 to a low af 134
in 1998 (Meagher et al 1992, Caslick 1993, Lemke 1998, Unpublished Report, (Montana Fish,
Wildlife and Parks, MEWT'). Extensive aerial surveys (both fixed wing and helicopter) have
been conducted almost every year since 1958 {Barmore 1980, Caslick 1993, Lemke 1996,
Unpublished report, MEFWPL Prior to 1958, surveys were condueted in conjunction with other
aetivities, and are only useful for rough estimates of the population. The largest population of
wintering sheep are located on the Events winter range (EWR), comprised of approximately 480
bun a1 | S00-2000 m in elevation (Keating cial, 1985).

During the winter of 1981-1982, an outhrenk of infectious keratoconjunctivitis resulted in the
monality of approximately 60% of the total northem range population and up to 80% of the
EWR population (keating 1982, Meagher 1982, Legg 1996, Meagher et al. 1992, Caslick 1993)
Seventeen years later the population has not shown significant signs of recovery and may be
decreasing. In addition to declines on the EWR,, populations 1o the north and east have also
declined. Recent studies found that human disturbance, poaching. inbreeding suppression,
disease, and interspecific competition were unlikely to be imponant in limiting populations north
of the EWR (Irby et al. 1986, 1989, Legg 1996). Predation and weather are 2 faciors that have
not been fully examined (Legg et al. 1996).
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In response to the unknown factors limiting bighorn sheep population recovery on the EWR and
a proposed resiting of the Gardiner-Mammoth highway, a behavioral observation study was
begun in order o evaluate the potential impacts of the road realignment. This study focused on
thi impacts o humin related stress on the bighom sheep population. Our datz on movements
and mortality patterns allowed us 10 make a prelinnary assessment of the role of predation in
this population.
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METHODS

Fourieen ewes and 4 young rams (1-3 year olds) were radio collared, using helicopter net guns
and drug immaobilization fram the ground (Andryk et al. 1983, Bates et al. 1985, Kock ot al,
1987, Heimer et al. 1990). Serology, virology and bacteriology tests were performed on samples
collected during the capture process. Collared animals were used to track bighom sheep groups
on their migration from winter to summer ranges and also as focal animals for behavioml
observations. Focal animals were located daily duning the winter and several times a week
during the summer on random days and times. Individual and group behavior datn were
recorded, including information on group size, composition, distance moved, spread of the
group, distance Lo other species, habitat features and distance (o human activity. All locations
were plotted into o geographic information system (GIS) and used to evaluate potential impacts
of proposed road corndors. Monthly fecal samples were collected from known individuals for a
period of | year. These samples are being analyzed for lungworm and cortisol levels,

In order 1o increase our sample size 1o approximately 50% of the females and 23% of the males,
other individuals were sampled by using identifinble, unique physical features. Using these
methods, a total of over 400 feeal samples were collected during the period of | vear.
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RESULTS

The level of habituation and accessibility of the EWR bighom sheep allowed us to get an
accurate population estimate of 60 individuals, In the winter of 1996-1997 we estimated 32 adult
females, 2 yearling females, 20 adult males, and 6 yearling males associated with the EWE. Our
monitoring of summer migration revealed 3 bands of ewes from the EWR with separate lambing
sites. Migrations varied from partial short distance movements (5 km or less) to long distance
movements (45 km). Rams were found to move into the Gallatin Range or remain near the EWR
tor the summer.

Uhar serology, bacteriology and virology lab results were negative for all captured animals.
However, we did see some sick lambs in populations that remained around the EWR during the
summer months. The other stress related factors we ohserved near the EWR were helicopter
flights and the presence and activity of predators. Since the Yellowstone sheep are very
habituiated 10 humans, most recreational activity does not seem to disturb daily behavior, An
exception o this would be during the first couple months of lambing when ewes are extremely
skittish and will not tolerate human presence to the same degree as other times of the year.

Helicopter flights occur primarily between June and September around the EWR due to
topography and the heliponts in Gardiner and Mammoth. We totaled the number of contract
flights out of the Mammoth heliport during 1995 and 1997 and found 170 and 175 flights,
respectively. During the winter of 1997-98 an increase in flight activity oceurred during the
winter months, primarily related to research within Yellowstone National Park. On several
occasions flights aver the EWR caused sheep to abandon apen wind blown slopes at lower
elevations and move up imo steep terrain for up to 10 days.

Lamb mortality in 1997 occurred duning the carly months of summer in most populations. By
the end of August the semi-migratory bands had no lamb survival, while the migratory band that
moved to Mount Washburn still had lambs. When the Washburn band retumed 1o the winter
range in the fall they immediately lost two more lambs. This was consistent with the hypothesis
that predation was severely impacting lamb survival in all populations associated with the EWR
{6 lambs/] 00 ewes, fall 1907},

We conducted coyote howling surveys 1o determine rough pack densities around the winter
range and found approximately four packs of 2-3 individuals i the EWR area. Behavioral
observations recorded numerous covote sightings on the winter rmnge and only 2 on Mount
Washbum. In addition, we observed | attempted predation by a golden eagle, 4 altempts by
packs of coyotes, | attempt by n lion and 2 documented kills of adult ewes by lions. A lion study
that began during the winter of 1998 found an adult lion with 2 kittens frequenting an area near
the EWR. The density of predators near the EWR can be explained by the numbers of elk {1998
estimate] 1,736 Mack pers. commun., NPS) which may serve as both a prey base and carrion
supply.
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MSCUSSION

The EWR is located within 2 km of the northemn boundary of YNP. Elk hunting and harassment
on agricultural lands directly north of the park may cause elk w pool unnaturally along the
boundary in the winter (Houston 1982, Keating 1985). This may directly impact the bighom
population through interspecific competition with elk (Woolf 1968, Oldenmeyer et al. 1971,
Constan 1972, Barmore 1980, Kasworm et al. 1984, Picton 1984, Keating 1985, Smger 1991),
After the Chiamydia epizootic, Keating (1982) propased three hypotheses to explain the level off
interspecific competition between elk and bighom sheep. 1. The bighom sheep population
would recover rapidly to 150-200 individuals after several years (indicating minimal
interspecific competition). 2. The population would grow but stabilize at a lower median level
{indicating that sheep-elk inleractions may occur o some degree). 3. The population would
remain around 60 individunls similar to the pre-elk reduction program. (indicating elk numbers
have a negative influence on bighom sheep populations), Keating's third hypothesis is very
similar to what has accurred in the population. Kasworm et al. (1984) and Singer and Norland
(1991) also found that elk and bighoms had the greatest degree of winter diet overlap among
ungulates in north central Montana and Yellowstone National Park, which might suggest

interspecific competition.

The large numbers of elk on the EWR may resull in interspecific competition, especially during
severe winter conditions (Buechner 1960, Oldenmeyer ¢ al. 1971, Barmore 1980), However,
direet forage competition may be too simplistic 1o explain the interactions between elk and
bighom sheep, A sheep faced wilh starvation can decrease this nsk by increasing either the
amount of food obtained or the protein content in the vegetation consumed. The increased risks
taken to obtain food can increase Lthe probability of predation (McNamara and Houston 1987),
Sinclair (1985) examined the relationships of nine species of herbivores in the Serengeti and
determined that predation played as imporiani a role in siruciuring the community as
interspecific competition. Migratory ungulates may be less likely to be regulated by predators
than resident populations. Simulations run by Fryxell et al. (1988) found that predators could
regulate resident herhivores at low population densities. This could explain the disparity between
lamb survival in the different bands of bighom sheep that winter on the EWR.

The large numbers of elk and winter carcasses on the EWR may also result in high predator
densities that may be more limiting and detrimental 10 bighom sheep on the EWR than
interspecific competition. While population trends of predators are not well known, there is
t\rld::m:: that many predators such as golden eagles (Agquila chrysailos), covotes (Caniy latrans)
and lions (Puma concolor) have increased in the northern Yellowstons ecosystem during the past
10 years (Legg ¢t al, 1996, Murphy 1998, Stradley Pers. Commun.). Further supporting the
hypothesis that predation is limiting the recovery of this population is the decline of bighom
sheep outside YNF where interspecific competition with elk is lower, Legg (1996) and Murphy
(1998) found instances of lion predation on bighorn sheep both in and out of the park. Recent
studies have recorded selective predation by lions on bighorn sheep in British Columbia,
California, and Alberta (Harrison et al. 1988, Wehausen 1996, Ross et al. 1997), The
documentation of lion kills may be biased towards adult sheep since lambs can he rapidly
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consumed and are therefore difficult o confirm. An intensive study on lion-bighom interactions
revealed that Hons were selecting lambs over adult bighom sheep (Ross et al. 1997).
Unfortunately their study utilized lambs collared in August, leaving many questions about
mortality in the first two months after parturition. Scotton (1998 in press) and Haas (1988)
marked lambs within several days of birth and atiributed the majority of lamb mortality to covote
predation within the first few weeks of life.

There is a possibility that the EWR population of sheep exist in a multi-equilibrium system. The
fact that the population remained over 150 individuals for more than ten years and now seems
stuck in a “predator pit” at around sixty individuals (Seip 1992) is typical of a multi-equilibrium
system (Dublin et al. 1990) (Fig 1). An increase in alternate prey (in this case elk) can increase
predation by the resultant numenical increase of predators in the system. This has been described
with expanding moase (Alces alees) populations and the subsequent decline of woodland caribou
( Rangifer iarandus) due 1o wolf predation (Canis fupie) (Bergerud and Elliot 1986, Seip 1992),
Iin & similar case the increase of wood bison {Bisan bison athabascae) in the Mackenzie Bison
Sanctuary may have exacerbated predation on moose (CGates and Larter 1990).

CONCLUSION

It is obvious that we have not answered whether interspecific competition or predation may
regulate the population of highom sheep on the EWR. We hope that our final ficld s¢ason and
analysis of cortisol and behavioml observations will reveal factors related to the inability of the
population to recover from the epizootic. If bighom sheep are experiencing a “predator pit” than
one would expeet the situation to remain unchanged until the system experiences o large
perturbation. This could be an epidemic in the coyote population, n decling in the elk population
or some other unknown factor, [t is clear that if the poor lamb recruitment trend continues thene
will be eause for concem. Managers need to keep in mind the potential sccumulation of
detrimental factors impacting the population of bighom sheep on the EWR.
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