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ellowstone National Park recently signed a Memorandum of

Understanding with Montana State University and the University of
California—Davis School of Veterinary Medicine Wildlife Health Center to
establish the Yellowstone Wildlife Health Program, focused on understand-
ing and addressing priority wildlife disease and ecosystem health problems
at Yellowstone National Park. Initial five-year funding is being provided by
the Yellowstone Park Foundation.

The Yellowstone Wildlife Health Program goal is to design and imple-
ment a long-term wildlife health assessment program to monitor and
evaluate wildlife diseases and health indicators as a subcomponent of the
Greater Yellowstone Network Vital Signs Monitoring Program. Specific
objectives of the program include:

* Facilitation of cooperation among scientists seeking competitive grant funds
to investigate wildlife health issues.

* Development of an outreach program, including educational materials for
field courses on wildlife health, that provides information for the public,

faculty, and federal and private funding agencies.

* Development of on-site wildlife veterinary services, including veterinary sup-
port for animal handling activities, disease surveillance,and disease outbreak

investigation, including field evaluation, necropsy, and specimen sampling.
* Establishment and coordination of on-site or cooperative wildlife disease

diagnostics and field and laboratory research capacity.

* Facilitation of wildlife health professional capacity development, as well as
research by veterinary students, graduate students, postdoctoral fellows,and

post-graduate researchers.

An Ounce of Prevention

Although there are many cutting-edge
research directions to pursue, a tremen-
dous amount of basic research remains
to be done in YNP. In 1995, Aguirre
et al. argued for the collection of base-
line data on wildlife diseases in national
parks. Over a decade later, we have yet to
reach that goal. Currently, only two full-
time wildlife veterinarians work for the
NPS across the national park system of
390 units covering more than 84 million
acres. Wildlife diseases have traditionally
been very difficult to eradicate in natu-
ral settings, and although any one par-
ticular disease may have minor effects
upon a host population, the cumulative
effects of many new parasite species may
threaten the resilience and persistence of
the many wildlife species we appreciate
in national parks.

The logistics and consequences of
disease control or eradication efforts in
INPS areas have been and will continue
to be challenging. Due to the difficul-
ties inherent in eradicating or control-
ling wildlife diseases in a field setting,
we call attention to the need for more
work on the prevention of disease. As
a prerequisite for this work, active sur-
veillance is needed on a multitude of
wildlife species, which would allow for
the detection of new parasites as well as
changes in the intensity or prevalence of
infection of pre-existing parasite species.
As Yellowstone National Park is home to
one of the most intact remaining wild-
life ecosystems, it is fitting that the park
should serve as a proving ground for the
problem-oriented, basic, and applied
disease research that will be necessary
to conserve these wildlife resources for
future generations.

Dr. Paul Cross is a disease ecologist with
the U.S. Geological Survey and a faculty
affiliate with Montana State University.
Previously, he worked on bovine tubercu-
losis in African buffalo and now works on
brucellosis and chronic wasting disease.
He holds a PhD in Environmental Science,
Policy, and Management from the University
of California—Berkeley, and a BA in
Environmental Science from the University
of Virginia—Charlottesville. Dr. Glenn
Plumb is the Branch Chief of Natural
Resources in the Yellowstone Center for
Resources, Yellowstone National Park.
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Chronic Wasting Disease
Planning for an Inevitable Dilemma

P J. White and Troy Davis

HE HIGH MOUNTAINS AND PLATEAUS
I of Yellowstone National Park (YNP)
provide summer range for an estimated
20,000-30,000 deer (Odocoileus sp.) and elk (Cer-
vus elaphus) from at least eight herds, most of which
winter at lower elevations outside the park. These
world-renowned herds provide significant visitor
enjoyment and revenue to local economies through
guiding and sport hunting. Elk are the most abun-
dant ungulate in the park and constitute a foun-
dation species that has strong, ramifying effects on
other species and processes in the ecosystem. For example, elk
comprise approximately 85% of kills made by wolves (Canis
lupus) during winter and are an important source of protein for
black and grizzly bears during spring and early summer (Smith
etal. 2004; Barber et al. 2005). They also provide an important
source of energy for mountain lions and at least 12 species
of scavengers, including bald eagles and coyotes (Wilmers et
al. 2003; Ruth 2004). In addition, elk browsing and nitrogen
deposition can have significant effects on vegetative produc-
tion, soil fertility, and plant diversity (Frank and McNaughton
1992). Thus, changes in elk abundance over space and time
can alter species abundance, community composition, nutri-
ent concentrations of plants, and the physical structure of veg-
etation in YNP.

These magnificent herds may soon beinfected with chronic
wasting disease (CWD), which was detected approximately
130 miles from the park in the Bighorn Basin area of Wyoming
during 2003. Chronic wasting disease is a fatal neurologic dis-
ease of elk, moose (Alces alces), mule deer (O. hemionus), and
white-tailed deer (O. virginianus) from the family of diseases
known as transmissible spongiform encephalopathies or prion
diseases. Other diseases in this family include scrapie in sheep,
bovine spongiform encephalopathy (i.c., “mad-cow disease”)
in cattle, and Creutzfeldt-Jacob disease in humans. Chronic
wasting disease attacks the brains of infected animals, causing
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An infected elk showing exaggerated wide-legged posture, lowered
head, and bony frame typical of chronic wasting disease.

them to become emaciated, display abnormal behaviors (e.g.,
“zoned-out” appearance, aimless wandering), lose bodily func-
tions (i.e., excessive salivation, drinking, and urination), and
eventually die (Williams et al. 2002). Infections may occur at
any time of year and sexes appear to be equally susceptible.

Prevalence or susceptibility to CWD appears higher in
mule deer and white-tailed deer than in elk in endemic areas
of Colorado and Wyoming (Miller et al. 2000). Bighorn sheep
(Ovis canadensis canadensis), bison (Bison bison), mountain
goats (Oreamnos americanus), and pronghorn (Antilocapra
americana) appear to be resistant or at least much less sus-
ceptible to the disease than deer and elk. There is no evidence
that CWD is naturally transmissible to humans or domestic
livestock (Food and Drug Administration 2001). However,
a related animal disease, bovine spongiform encephalopathy
(BSE), has been causally linked to the human form of that dis-
ease known as variant Creutzfeldt-Jakob disease (vC]D). While
current evidence indicates thart the differences between BSE/
vC]D and CWD are significant, there is still ongoing research
to establish whether CWD can cross the human species barrier.
Thus, health experts (e.g., World Health Organization 2000)
warn that no part or product of any animal with evidence of
CWD should be fed to any species (human or any domestic
or captive animal).

Chronic wasting disease is contagious and transmissible
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Habitat degradation or loss, predation by alien species,
over-exploitation, climate change, pollution, emerging infec-
tious diseases, and complex interactions among two or more
factors are demonstrated or hypothesized causes of amphibian
declines. Here, I review the role disease may play in amphibian
declines in the GYE, but note that other causes have been iden-
tified (Table 1) and may be as important as or more important
than disease.

A variety of pathogens and their relationships to amphib-
ian declines have been studied in recent years (reviewed by
Daszak etal. 2003). These include viruses, fungi, protists (sin-
gle-celled or multi-cellular organisms that are neither plants
nor animals, but which may show characteristics of both), and
more complex parasites such as trematodes (Ribeiroia sp.).
Trematodes are now known to be the primary cause of the
occurrences of frogs with extra limbs and other deformities
that received considerable public and scientific attention in the
late 1990s (Souder 2000). Water molds are oomycete protists
that may infect and kill the embryos in amphibian egg masses.
Although water molds can kill large numbers of embryos at
some locations and populations afflicted with deformities may
have high mortality of young frogs after metamorphosis, nei-
ther water molds nor trematode parasites have been shown to
affect the persistence of populations and they are unlikely to
have caused widespread declines.

Ranaviruses

Viruses are another group of virulent pathogens thatso far
have had primarily local effects (Daszak et al. 2003). Ranavi-
ruses are a large complex of related viruses in the Family Irido-
viridae that infect reptiles, amphibians, and fish. Ranaviruses
are not novel pathogens for amphibians. Different strains have
coevolved with their amphibian host populations and typically
attack stressed individuals. Ranavirus infections are more likely
to occur when hosts are in dense aggregations that sometimes
occur as temporary ponds dry before metamorphosis can be
completed. Tiger salamander larvae may suffer catastrophic
mortality from ranavirus infection, and such episodes can recur
year after year in the same population. Ranaviruses do not sur-
vive outside their hosts and are transmitted via direct contact.
Some individuals survive the infection and may carry the virus
back to the breeding pond in subsequent years or serve as a
means of transmitting the pathogen to new sites (Brunner et
al. 2004).

Although ranaviruses are part of the natural life history of
amphibians, human activities may be disrupting this system
and creating situations where ranavirus should be considered as
the agent of emerging infectious disease. Specifically, the trans-
portation of tiger salamander larvae (Figure 1) around western
North America for use as fishing bait appears to have exposed

Species

Table I. Distribution and status of amphibians in the GYE.

Distribution

Status

Causes of decline

References

Tiger Salamander
(Ambystoma tigrinum)

Boreal Toad
(Bufo boreas)

Boreal Chorus Frog
(Pseudacris maculata)

Northern Leopard
Frog (Rana pipiens)

Columbia Spotted
Frog (R. luteiventris)

Occurs throughout
the GYE

Occurs throughout
the GYE!?

Occurs throughout
the GYE

A few sites south of
Jackson Lake

Occurs throughout
the GYE

Present at 18-24% of
potential breeding sites;
genetic evidence for
historic and recent declines
in the northern range

Present at 2—-5% of potential
breeding sites

Present at 32—43% of
potential breeding sites

Extirpated?

Present at 14-26% of
potential breeding sites;
declines of Lodge
Creek populations

Fish stocking (historic)

and disease (recent)

Disease?

Unknown

Development (road
building, employee
housing, spring
diversion)

Corn et al. 2005;
Spear et al. 2006

Corn et al. 2005

Corn et al. 2005

Koch and
Peterson 1995;
Patla and
Peterson 2004

Patla 1997;
Patla and
Peterson 2004;
Corn et al. 2005
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In 2006, 60 of 77 pups (78%) sur-
vived undl winter. Some believe that
high survival during non-outbreak years
compensates for cases of sporadic, dis-
case-induced mortality. However, only
long-term monitoring of disease and
survival will shed light on this ques-
tion. This will be an important area of
research in the future.

Although park policy dictates non-

intervention unless an organism s

Oxbow Creek pack yearling #588 with severe
tooth damage indicating possible distemper.

Nine-year-old male wolf and former alpha of
Mollie’s pack with severe case of mange.

This wolf, also from Mollie’s pack, has

only minor evidence of mange but appears

otherwise healthy.

deemed exotic or non-native to the park
ecosystem, in many cases it is difficult to
classify diseases as native or exotic. New
strains of virusand bacteria are constantly
evolving, and itis often difficult to know
whether a particular strain is of “native”
origin or introduced from domestic spe-
cies. Distemper is extremely old and
likely originated from the European
continent, yet it has been circulating
on the North American continent since
at least the early 1800s. Parvo-
virus appears to have mutated
from feline panleukopenia virus
and was first discovered in wild
and domestic canids in the mid-
1970s.

Regardless of the classifica-
tion, the practical consider-
ations for managing parvovi-
rus, hepatitis, or distemper are
extensive. Disease management
in Yellowstone wolves would
require a thorough understand-
ing of transmission dynamics,
environmental reservoirs, and
alternate hosts including coy-
otes, fox, weasels, badgers, and
perhaps even cougars and bears.
Vaccinations of pups at den sites
would be intrusive, and the mul-
tiple doses and visits required
would make it impractical.

Sarcoptic mange presents dif-
ferent considerations. Mange
is caused by a mite that bur-
rows into the skin and causes
uncontrolled itching that leads
to hair loss and secondary skin
infections. Beause mange was
intentionally  introduced in
the early twentieth century to
reduce wolf and coyote popu-
lations, the park may consider
future treatment for extreme
cases of infection. In January
2007, we documented mange in
a Yellowstone wolf pack for the
first time. Mange has existed in
many of the packs surrounding
Yellowstone, but has remained
outside of the park until recently.
We believe the reason for this

distribution pattern is that wolf move-
ment has primarily been from inside the
park to areas outside of the park; since
1995, we have documented 78 radio-
collared wolves permanently dispersing
from the park, but no radio-collared
wolves from outside the park moving
into and residing inside the park.

Mange has now been documented in
two wolves in the Mollie’s pack (see pho-
tos), a pack that lives in the interior of
the park. The wolf with the more severe
case is one of the oldest known animals
in the population (9 years old). Another
wolf exhibited only minor evidence of
mange (see photo) but otherwise looked
healthy (he’s one of the largest wolves
ever handled in the park). Researchers
have recorded severe and persistent out-
breaks of mange in the wolf population
in Sunlight Basin, an area east of the park
and not too distant from Pelican Valley.
An uncollared wolf from Sunlight Basin
could have moved into or spent time
with Mollies pack, or Mollie’s pack
could have contracted mange during a
territorial foray to the east.

We will continue to monitor the Yel-
lowstone wolf population with an aware-
ness of disease as a potentially important
factor in population dynamics. We hope
to identify, describe, and monitor the
diseases of importance for Yellowstone
wolves, understand long-term patterns
of disease as they relate to wolf survival
and reproduction, and begin to under-
stand the role of multiple hosts in the
spread and persistence of diseases in the
Yellowstone ecosystem.

Douglas W.SmithisYellowstone National
Park’s Wolf Project leader. He holds a PhD
in Ecology, Evolution, and Conservation
Biology from the University of Nevada at
Reno. Smith has been with the Yellowstone
Wolf Project from its beginning in 1994.
Emily Almberg, a long-time employee on
the Wolf Project, is a doctoral student at
the University of Minnesota where she is
exploring the role of diseases in wolf popu-
lation ecology.
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address the risk of brucellosis transmission to protect the eco-
nomic interests and viability of the livestock industry in the
state of Montana” (NPS 2000).

The objective of the IBMP is not to eradicate brucello-
sis, but to manage the risk of transmission of brucellosis from
bison to cattle. Controlling brucellosis transmission risk is
implemented in three successive steps involving management
at YNTP’s boundaries. Each step requires specific actions {expi-
ration of cattle grazing leases, development of vaccination pro-
grams, and brucellosis research) that ultimately will result in
allowing a limited number of untested bison outside YNP’s
boundaries. Boundary management is focused on prevent-
ing the commingling of bison and cattle. Under the IBMR,
bison outside the park that cannot be hazed back acrass YNP’s
boundaries may be captured and tested for brucellosis. Positive
reactions on blood tests result in those bison being shipped to
slaughter. Brucellosis vaccination was identified as a way to
control transmission risk by reducing infection within bison,
which would also result in fewer test-positive bison shipped
to slaughter.

Immunization is an attractive conservation approach for
addressing the brucellosis problem. Any vaccination program
for wild bison will require an understanding of the associations
between the disease pathogen and the host. A vaccination pro-
gram also requires an efficient delivery method for a safe and

effective vaccine, as well as accurate diagnostics for measuring
the program’s effectiveness. This paper summarizes the relevant
information on brucellosis in bison and how this information
may aid in implementing the IBMP.

Background: Brucellosis in YNP Bison

The disease brucellosis in YNP bison is caused by Bru-
cella abortus, a bacterial organism transmitted through inges-
tion of infected birth tissues or infected milk. B. abortus is
not native to North America and was most likely intro-
duced to YNP bison by European cattle. The disease was
first detected in YNP’s bison herd in 1917 and is not con-
sidered a major factor regulating bison abundance (Figure 1).
B. abortus is usually found in the reproductive system prior
to being shed into the environment. Both male and female
bison can become infected, but brucellosis transmission
appears to depend exclusively on females. The shedding of B.
abortus occurs during infectious births and abortions. These
events attract other bison in the herd, resulting in disease
transmission when they come in contact with infected tissues.

Brucellosis transmission usually follows two events:
1) B. abortus is shed via infectious births or abortions, and
2) susceptible individuals consume infectious material. A key
component of transmission is the number of exposures that

Figure I. Bison population estimates and management removals since 1901. The YNP bison population has steadily

increased despite brucellosis and management removals.
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were conducted by the Great Lakes Water Center, University
of Wisconsin-Milwaukee. Measurements of dissolved oxygen
concentration, percent oxygen saturation, and specific con-
ductance were collected at each sentinel cage site during the
exposure periods in 2001.

Results

Infection prevalence. Of the 453 juvenile and adult
Yellowstone cutthroat trout collected from within Yellow-
stone Lake by gillnetting in 1999-2001, 89 were infected
by M. cerebralis. In general, these infected fish showed no
significant external signs of discase and otherwise appeared
healthy.

Yellowstone cutthroat trout fry exposed in spawn-
ing tributaries that tested positive for the presence of M.
cerebralis were first obtained from the Yellowstone River
in August 1999 (Table 1). None of the other 12 exposure
streams examined that year showed evidence of the parasite.
In 2000, M. cerebralis was found in Pelican Creek (strong
infection) and Clear Creek (weak infection). Infection was
not found in fish in the Yellowstone River or the other four
streams tested that year, even though multiple exposure
periods were used in an attempt to span peak infection peri-
ods. The 2001 results provided further evidence of a severe

infection in Pelican Creek; infection was found during all
exposure periods and the fry showed clinical signs of the
disease. All of the fish exposed during the mid-July period
were infected; the mean histological ranking of severity was
4,00 (maximum of 5.00) on the MacConnell-Baldwin scale
(Table 1). A weak infection was found in the Yellowstone
River, but none of the other streams examined in 2001
showed evidence of the parasite.

Tub.ficid and actinosporean examination. A high num-
ber of tubificids was found in Beaverdam, Sewer, and Little
Thumb creeks and Creck 1167, especially in late August
and early September of 2001. Few of the 3,037 collected
tubificids were sexually mature, making morphological
identification difficult. The mature oligochactes with hair
chaetac were identified as 7. rubifex, Lyodrilus templetoni,
and individuals of the genus Rfyacodrilus. The 17 mature
1. tubifex were found in three geographically distant streams
(Pelican and Beaverdam creeks and Creck 1167; Figure 2).

Only 20 of the collected tubificids produced actino-
spores during the 7-day observation periods. Arnica Creek
exhibited the highest prevalence of infection: 7.50-9.43%
of the 93 observed tubificids (Table 2). Repeated nested
PCR assays did not detect M. cerebralisin any of the infected
or immature worms or any actinosporean preparations. (We
were able to detect M. cerebralis in actinosporean-producing

Stream Year Period Dates Prev (%) Severity
Pelican Creek 2000 I 09/12-09/23 94 2.76
2001 I 07/12-07/23 100 4.00

2 08/07-08/17 75 1.00

3 08/29-09/07 94 2.72

Clear Creek 1999 I 08/12-08/23 0 0.00
2000 I 09/12-09/23 2 0.02

2 09/25-10/05 0 0.00

3 10/09-10/19 0 0.00

2001 I 07/12-07/23 0 0.00

2 08/07-08/17 0 0.00

3 08/29-09/07 0 0.00

Yellowstone River 1999 I 08/12-08/23 14 0.20
2000 I 09/12-09/23 0 0.00

2 09/25-10/05 0 0.00

3 10/09-10/19 0 0.00

2001 I 07/14-07/23 20 0.40

2 08/07-08/17 7 0.07

3 08/29-09/07 0 0.00

Table I. Results of sentinal fry exposure studies from streams in which Yellowstone cutthroat trout fry

tested positive for Myxobolus cerebralis during 1999-2001. Prevalence (prev) is the proportion of individuals

examined that were infected. Severity is the average histological score from laboratory examination and

is based on a scale of 0-5 (5 = the most severe infection). Pelican Creek was not tested in 1999. A single
exposure period occurred on all tested streams in 1999 and on Pelican Creek in 2000.
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Number (%) of Tubificids

Orientation Tubificids Producing Mc positive
Stream to cage per hour Observed Actinospores by PCR
Pelican Creek upstream 94.5 189 0 I
downstream 28.0 28 0 0
Clear Creek upstream 0.0 0 0 0
downstream 0.3 I 0 0
Beaverdam Creek upstream 259.0 777 I (0.13) 0
downstream ns ns ns ns
Creek I111 upstream 13.3 40 0 0
downstream ns ns ns ns
Creek 1138 upstream 84.3 253 0 0
downstream ns ns ns ns
Creek 1158 upstream 47.0 141 0 0
downstream ns ns ns ns
Sewer Creek upstream 0.0 0 0 0
downstream 200.0 200 | (0.50) 0
Creek 1167 upstream 139.0 278 | (0.36) 0
downstream 132.0 264 0 0
Little Thumb Creek upstream 40.0 80 I (1.25) 0
downstream 196.0 392 | (0.26) 0
Arnica Creek upstream 7.7 53 5(943) 0
downstream 40.0 40 3 (7.50) 0
Bridge Creek upstream 61.3 184 6 (3.26) 0
downstream 51.0 51 0 0
Hatchery Creek upstream 0.0 0 0 0
downstream 10.0 10 0 0
Yellowstone River upstream 17.0 34 I (2.94) 0
downstream 220 22 0 0
Total 3,037 20 |
Mean 64.6 38 I 0

Table 2. Numbers of tubificids with hair chaetae selected from bulk live oligochaete samples taken near Yellowstone cutthroat
trout cage sites over three time periods and observed for actinospore production for seven days. Areas not sampled are
indicated “ns”. Triactinomyxon-type actinospores were produced by all infected tubificids except those isolated from
Beaverdam Creek, which produced synactinomyxon-type actinospores. The diagnostic Myxobolus cerebralis (Mc) nested
polymerase chain reaction test was used to assay for Mc infection.

tubificids collected from other M. cerebralis endemic areas
and in our positive plasmid controls.) However, one sexu-
ally mature 7. subifex collected from Pelican Creek in carly
July that was not shedding triactinomyxons tested positive
for M. cerebralis by PCR analysis, indicating the presence of
infected worms in that stream. The mature 7. rubifex were
most abundant in early summer and genetically homoge-
nous, belonging to an mtDNA lineage that has been associ-
ated with high levels of whirling disease (Beauchamp et al.
2002).

Discussion

Biological aspects f Myxobolus cerebralis i fection risk.
The Yellowstone cutthroat trout fry in exposure cages in Peli-
can and Clear creeks and the Yellowstone River were infected
by M. cerebralis during at least one exposure period. Whereas
the infections at the Yellowstone River site (1999 and 2001)
and Clear Creek (2000) were relatively light, the fish exposed
at Pelican Creek were severely infected and showed clinical
signs of whirling disease in laboratory aquaria. These streams
are located along the north and east-central shores of Yellow-
stone Lake; the other exposure streams tested negative for M.
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presence of M. cerebralis in the Yellow-
stone River proper in its Hayden Valley
reach, and in the lower reaches of several
tributaries there. What remains uncer-
tain are the mechanisms responsible for
1) dissemination of M. cerebralis among
waters, and 2) allowing M. cerebralis to
persist in these habitats and proliferate,
causing losses of cutthroat trout. The
highly variable patterns of oligocheates
and abundance of infected 77 rub:fex
relative to habitat types warrants fur-
ther research. Potential vectors of whirl-
ing disease dissemination are also being
investigated, particularly the role of
avian piscivores such as American white
pelican (Pelicanus erythrorkynchos), great
blue heron (Ardea herodius), and dou-
ble-crested cormorant (Phalacrocorax
auritus). In the pristine environment
of Yellowstone National Park, improv-
ing our understanding of M. cerebralis
ecology and life history strategies should
increase our ability to mitigate for this
harmful disease in the future.

This article has been adapred with
permission from the American Fisher-
ies Socieiy. It was originally published as
“Myxobolus cerebralis in Native Cutthroar
Trout ¢f the Yellowstone Lake Ecosystemn”
ty Todd M. Koel, Daniel L. Mahony,
Kendra L. Kinnan, Charlotte Rasmussen,
Crystal . Hudson, Silvia Murcia, and
Billie L. Kerans in the Journal (f Aquatic
Animal Health 18(3):157-175 (Sepiem-
ber 2006).
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