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ABSTRACT—PIlague is an introduced bacterial disease whose primary vectors are fleas (Siphon-
aptera). Utah prairie dogs (Cynomys parvidens) are highly susceptible to plague, and entire colonies
usually disappear shortly after plague arrives. Infusion of burrows with Pyraperm (an insecticide-
dust) kills fleas and immediately halts the spread of plague within colonies. Thus, insecticide-dusts
might play an important role in the conservation of prairie dogs.

ResuUMEN—La plaga bubénica es una enfermedad bacterial introducida para quien las pulgas
(Siphonaptera) son los vectores principales. Los perros de la pradera de Utah (Cynomys parvidens)
son muy susceptibles a la plaga, y colonias enteras generalmente desaparecen poco después de la
llegada de la plaga. La inyeccion en las madrigueras con Pyraperm (un polvo insecticida) mata a
las pulgas y detiene inmediatamente la propagacion de la plaga en las colonias. Entonces, es
posible que los polvos de insecticidas puedan jugar un papel importante en la conservacion de
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los perros de la pradera.

The plague (“Black Death”) killed about
30% of the human population in Europe be-
tween 1347 and 1352 and was perhaps the
greatest epidemiological disaster in world his-
tory (Gottfried, 1983; Keeling and Gilligan,
2000; Cantor, 2001). Currently plague is having
a similar catastrophic effect on prairie dogs
(Cully and Williams, 2001).

Plague is caused by the bacterium Yersinia
(Pasteurella) pestis, and fleas (Siphonaptera) are
the most common vectors. Plague might have
arrived naturally in North America during the
Pleistocene via the Siberian-Alaskan land
bridge. More likely, however, plague arrived
about 100 years ago via flea-infested rats from
ships coming from Asia and Europe (Pollitzer,
1951; Barnes, 1993; Biggins and Kosoy, 2001).

Plague infects =73 genera and >200 species
of mammals and is widespread on every con-
tinent except Australia and Antarctica (Biggins
and Kosoy, 2001). Some species are highly or
moderately resistant to plague (Biggins and
Kosoy, 2001). Prairie dogs (Sciuridae: Cyno-
mys), however, are highly susceptible, probably
because they have not had sufficient time to
evolve a good defense against an introduced

disease (Cully and Williams, 2001). Outbreaks
of plague typically kill most, and commonly all,
residents within colonies of all 4 species of
prairie dogs in the United States: black-tailed
prairie dog (C. ludovicianus) (Miles et al., 1952;
Barnes et al., 1972; Cully et al., 2000), Gunni-
son’s prairie dog (C. gunnisoni) (Kartman et
al., 1962; Cully, 1997), Utah prairie dog (C. par-
videns) (Collier and Spillett, 1975; Hasenyager
et al., 1988; Turner, 2001), and white-tailed
prairie dog (C. leucurus) (Ubico et al., 1988;
Menkens and Anderson, 1991; Anderson and
Williams, 1997; Cully and Williams, 2001). Nu-
merous behavioral ecologists have lost colonies
of marked prairie dogs to plague (Lechleitner
et al., 1968; Fitzgerald and Lechleitner, 1974;
Clark, 1977; Rayor, 1985; Cully, 1997; Hoog-
land, 1999). Curiously, evidence of plague
among Mexican prairie dogs (C. mexicanus) is
scarce (Varela and Vasquez, 1954; Trevino-Vil-
larreal et al., 1998; D. E. Biggins, pers. comm.;
J. E. Cully, pers. comm.), probably because
studies of this species are few.

Prairie dogs are herbivorous, colonial,
ground-dwelling squirrels that inhabit western
North America (Hollister, 1916; Pizzimenti,
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1975). Colonies are subdivided into territorial,
harem-polygynous family groups (King, 1955;
Fitzgerald and Lechleitner, 1974; Clark, 1977;
Wright-Smith, 1978; Rayor, 1988; Trevino-Vil-
larreal, 1990; Mellink and Madrigal, 1993;
Hoogland, 1995, 1999, 2001; Travis et al.,
1996). Because they have a disproportionate
effect relative to their abundance (Mills et al.,
1993; Power et al., 1996), prairie dogs are key-
stone species of the western grassland ecosys-
tem (Miller et al., 1994, 2000; Kotliar et al.,
1999). Their foraging, for example, decreases
the height of vegetation, changes the species
composition of vegetation, and increases land-
scape heterogeneity (Coppock et al., 1983;
Weltzin et al., 1997). Prairie dog excavations
increase the mixing of topsoil and subsoil and
also promote uptake of nitrogen by plants
(Holland and Detling, 1990). Further, colonies
increase biological diversity and species rich-
ness (Clark et al., 1982; Reading et al., 1989).
Animals, such as burrowing owls (Athene cuni-
cularia), tiger salamanders (Ambystoma tigrin-
um), and myriad insects, depend on prairie
dog burrows for shelter. Aerial predators, such
as ferruginous hawks (Buteo regalis), golden ea-
gles (Aquila chrysaetos), northern goshawks (Ac-
cipiter gentilis), and prairie falcons (Falco mexi-
canus), commonly prey on prairie dogs, as do
terrestrial predators, such as American badgers
(Taxidea taxus), black-footed ferrets (Mustela
nigripes, specialists that feed almost exclusively
on prairie dogs), bobcats (Lynx rufus), and coy-
otes (Canis latrans) (Knowles et al., 1982; Des-
mond and Savidge, 1996; Kotliar et al., 1999).

Mainly because ranchers view them as pests
that compete with livestock for forage (Jame-
son, 1973; Randall, 19764, 19765; Zinn and An-
delt, 1999), prairie dogs of all species have
been targets of intensive eradication programs
that involve shooting, poisoning, drowning,
and destruction of habitat (McNulty, 1971;
Marsh, 1984; Cincotta et al., 1987; Roemer and
Forrest, 1996; Vosburgh and Irby, 1998). Syl-
vatic plague also has killed millions of prairie
dogs (Biggins and Kosoy, 2001; Cully and Wil-
liams, 2001). Consequently, all 5 species are be-
coming increasingly rare and occupy <5% of
their former range. The Utah prairie dog and
Mexican prairie dog are listed as threatened
and endangered species, respectively, by the
United States Fish and Wildlife Service (1970,
1984), and listing of the black-tailed prairie

Hoogland et al.—Pyraperm Kkills fleas and halts plague among Utah prairie dogs

377

dog as a threatened species was considered
warranted but precluded (United States Fish
and Wildlife Service, 2000). The white-tailed
prairie dog and Gunnison’s prairie dog are
currently under consideration for listing as
threatened species (Center for Native Ecosys-
tems et al., 2002; Rosmarino, 2004).

For Utah prairie dogs at Bryce Canyon Na-
tional Park, emergence from hibernation oc-
curs in late February through mid April, cop-
ulations occur in mid March through early
April, and nearly-weaned juveniles first emerge
from natal burrows in late May and June. Ges-
tation is usually 29 or 30 days, and lactation
lasts about 5.5 weeks (Hoogland, 2001).

Unlike eradication programs, plague is not
under direct human control. Thus, plague
might pose the most formidable obstacle for
the long-term conservation of prairie dogs
(Cully and Williams, 2001). Because fleas are
the primary vectors, removal of fleas might
protect animals from plague (Barnes et al.,
1972). We tested this hypothesis for Utah prai-
rie dogs by using an insecticide-dust to kill fleas
within burrows. The incentive for our research
was an outbreak of plague at a colony contain-
ing eartagged, marked individuals for which
we have long-term information on age, repro-
ductive history, and behavioral ecology (Hoog-
land, 2001).

MeTHODS—For the last 8 years (March through
June, 1995 to 2002), involving >20,000 person-hours
of research, we have studied the ecology and social
behavior of Utah prairie dogs at Bryce Canyon Na-
tional Park in south-central Utah (Hoogland, 2001).
Our study colony is the Horse Corral Colony at an
elevation of approximately 2,700 m. The colony oc-
cupies 5.75 ha and contains a mean of 118 (%£54.0
SD) adults that emerge from hibernation and 148
(£54.9 SD) juveniles in late June (1995 through
2002). The study colony contained 139 adults in
April 1998 and 137 adults in April 2001.

Methods for capturing, handling, eartagging,
marking, and observing Utah prairie dogs are the
same as those used in long-term research with black-
tailed prairie dogs and Gunnison’s prairie dogs
(Hoogland, 1998, 2001, 2003). Each year we capture
and uniquely mark all the adult and juvenile resi-
dents at the study colony. Using binoculars and a 60-
power telescope, we watch marked individuals from
4-m high observation towers.

While handling Utah prairie dogs, we comb the
sides and back of each individual 10 times and count
the number of ectoparasites that fall to the ground
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(see Hoogland, 1995). Ticks and mites (Acarina) are
rare, and we have never detected a louse (Anoplu-
ra). Fleas are common, however, and include the fol-
lowing species: Hoplosyllus anomalus, Oropsylla (Opi-
socrostis) hirsuta, O. labis, O. tuberculata, and Thrassis
Sfrancisi (Allred, 1952; Stark, 1958; Pizzimenti, 1975).
To preclude recounting the same flea or tick, we
killed each ectoparasite via submersion into ethanol.
Counted ectoparasites probably represented a small
but constant percentage of those actually present
(Hoogland, 1979).

To Kkill fleas within burrows of Utah prairie dogs,
we used a DR5 air-powered duster (Birchmeier, Ba-
den, Switzerland). We infused burrows with an in-
secticide-dust called Pyraperm (pyrenone, 4-0.05
permanone 0.5 dust, code 9440; Bayer Environmen-
tal Science, Montvale, New Jersey). Pyraperm was
formulated specifically to kill fleas within burrows of
prairie dogs and other ground-dwelling squirrels,
with minimal secondary consequences for other spe-
cies. We inserted the pointed nozzle of the air-pow-
ered duster into every burrow entrance at the study
colony and injected dust for approximately 1 s. We
detected no evidence that Pyraperm is harmful to
prairie dogs.

We found 5 aboveground carcasses that resulted,
we suspected, from plague (2 in 1998, 3 in 2001).
To verity the presence or absence of plague, we
shipped all carcasses to the Center for Disease Con-
trol (CDC) in Fort Collins, Colorado.

Gunnison’s prairie dogs and Utah prairie dogs
that survive infection with plague develop specific
antibodies (Cully et al., 1997; D. E. Biggins, pers.
comm.). To determine if Utah prairie dogs at the
study colony had developed antibodies against
plague in 1998, we collected blood samples in May
and June 1999 from 70 adults. We shipped all sam-
ples to CDC for analysis.

ResuLTsS—Nine marked Utah prairie dogs
from the same small area (<2 ha) of the study
colony died or disappeared in April or May
2001. Five of these 9 moved slowly and seemed
disoriented immediately before disappearance,
and we observed 3 of these 5 perish above-
ground (on 17, 28, and 29 May 2001). All 3
carcasses were plague-positive.

Between 31 May 2001 and 2 June 2001, we
infused Pyraperm into every burrow entrance
(>1,200) within the colony. Fleas were com-
mon on prairie dogs before Pyraperm, but al-
most completely disappeared afterwards (Fig.
1). Also, no Utah prairie dog showed symp-
toms of plague or inexplicably disappeared af-
ter 31 May 2001. Females at the study colony
collectively weaned 163 juveniles in June 2001,
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F16. 1—Number of fleas per Utah prairie dog at
the study colony at Bryce Canyon National Park,
Utah (a) in March, April, and May 2001, before the
infusions of burrow entrances with Pyraperm; and
(b) in June and July 2001, after the infusions with
Pyraperm. Differences in flea infestation before and
after infusions were significant (P < 0.001, Mann-
Whitney U-test).

and healthy adults and juveniles were evident
throughout summer and early autumn 2001
(R. Wallen, Park Biologist, Bryce Canyon Na-
tional Park, pers. comm.). Further, the number
of healthy individuals that emerged from hi-
bernation in 2002 was 121, which is similar to
the usual number of emerging adults (mean =
118 = 54.0 SD).

Pyraperm also immediately halted an out-
break of plague at the study colony in 1998. In
June 1998, 3 adults and 2 juveniles showed
symptoms of plague. The 2 juveniles died
aboveground, and CDC confirmed that they
were both plague-positive. Immediately after
confirmation, one of us (JLH) infused all bur-
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row entrances at the study colony with Pyra-
perm. No more Utah prairie dogs showed
symptoms of plague or disappeared after the
infusions. Females at the study colony collec-
tively weaned 195 juveniles in June 1998.
Healthy adults and juveniles were evident
throughout summer and early autumn 1998
(D. Neighbors, Park Biologist, Bryce Canyon
National Park, pers. comm.), and 154 healthy
individuals emerged from hibernation in 1999.
Fleas were common on the Utah prairie dogs
before the infusions with Pyraperm in 1998
(mean = 11.0 £ 25.4 SD during March
through May, n = 227), but we did not count
fleas after the infusions because we had just
marked/remarked all colony residents and our
investigation of behavioral ecology was finished
for 1998.

All 1999 blood samples (n = 70) collected
in May and June 1999 from adult Utah prairie
dogs at the study colony were negative for
plague antibodies, even though many of the
samples were from individuals living in the
same clan territory, or in an adjacent territory,
where plague attacked in June 1998. Evidently,
the survivors never contracted plague, even
though many frequently interacted with live or
dead victims of plague, and several spent the
night in the same burrows with live or dead
victims.

In both years of plague when the colony was
treated with infusions (1998 and 2001), fe-
males collectively weaned (insignificantly)
more juveniles than in 6 years of no plague
and no infusions (mean = 179 * 22.6 SD ver-
sus 138 = 60.0 SD; NS, Mann-Whitney U-test).
Numbers of emerging adults in March and
April of 1999 and 2002 (i.e., 8 to 9 months
after plague and infusions) were (insignificant-
ly) higher than numbers in March and April
following years of no plague and no infusions
(mean = 138 = 23.3 SD versus 112 * 61.4 SD;
NS, Mann-Whitney U-test).

DiscussioN—Following outbreaks of plague
at the study colony in 1998 and 2001, the in-
fusion of Pyraperm into burrow entrances im-
mediately stopped new cases of plague. The
cessation was more convincing in 2001 than in
1998 for 2 reasons. First, we obtained estimates
of flea infestation of Utah prairie dogs both
before and after infusions with Pyraperm in
2001. In 1998, we did not examine individuals
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for fleas after the infusions, because plague did
not appear until the end of the field season.
Second, in 2001, we carefully watched marked
individuals for additional cases of plague for 6
weeks after the infusions with Pyraperm. In
1998, we watched for new cases of plague for
only 1 week after infusions.

Because Utah prairie dogs live in crowded
colonies where cannibalism and mouth-to-
mouth greetings are frequent (Wright-Smith,
1978; Hoogland, 2001, 2003), direct transmis-
sion of plague among individuals seems likely.
Our results suggest, however, that fleas are nec-
essary for the continued spread of plague with-
in colonies. If direct transfer of plague occurs
via cannibalism of infected carcasses, for ex-
ample, then additional cases should have ap-
peared in 1998 and 2001 after we killed fleas
with Pyraperm.

Plague ravages colonies of all 4 species of
prairie dogs within the United States. Mortality
from plague is typically >95% and is common-
ly 100%. Two lines of evidence indicate that
prairie dogs occasionally survive exposure to
plague. First, white-tailed prairie dogs infected
with plague under laboratory conditions some-
times survive (Cully and Williams, 2001). Sec-
ond, antibodies indicate that small numbers of
wild Gunnison’s prairie dogs and wild Utah
prairie dogs sometimes overcome plague
(Lechleitner et al., 1968; Cully et al., 1997; D.
E. Biggins, pers. comm.).

It is possible that the stoppage of plague at
the study colony was unrelated to infusions
with Pyraperm. However, for a species that is
highly vulnerable, Pyraperm immediately pre-
vented new cases of plague in 2 years that fol-
lowed confirmed outbreaks of plague.

It is possible that infusions only temporarily
stopped plague and that deaths from plague
were common in the months after we stopped
studying Utah prairie dogs. However, in both
years of plague when the colony was treated
with infusions (1998 and 2001), the number of
juveniles collectively weaned was insignificantly
higher than the numbers weaned in 6 years of
no plague and no infusions. Further, through-
out the summer and early autumn of 1998 and
2001, park biologists at Bryce Canyon regularly
observed numerous aboveground, active prai-
rie dogs (D. Neighbors, pers. comm.; R. Wal-
len, pers. comm.). In addition, the numbers of
emerging adults in March and April of 1999
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and 2002 (i.e., 8 to 9 months after plague and
infusions) were insignificantly higher than the
numbers of emerging adults in March and
April following years of no plague and no in-
fusions.

Previous investigators have demonstrated
that infusions of insecticide-dust into burrows
kill fleas and have hypothesized that infusions
therefore protect prairie dogs against plague
(Barnes et al., 1972; Beard et al., 1992; Karhu
and Anderson, 2000). However, these research-
ers were unable to verify that prairie dogs in
treated colonies were unequivocally exposed to
plague. Our results offer clear evidence that
infusions protect Utah prairie dogs, and pre-
sumably other species of prairie dogs, against
plague. Working with black-tailed prairie dogs,
Seery et al. (2004) have provided the only oth-
er compelling evidence for protection against
plague via infusions with insecticide-dust.

Marked Utah prairie dogs were pivotal to
our demonstration that Pyraperm immediately
stopped the spread of plague in 1998 and
2001. Daily censuses allowed us to document
which marked individuals disappeared, the ex-
act dates of disappearances, and that no addi-
tional individuals disappeared after infusions.
Similar documentation would be difficult with-
out marked individuals.

The Pyraperm that we used in 1998 and
2001 remains active for about 6 weeks after ap-
plication. Newer insecticide-dusts designed to
kill fleas within burrows remain active for =24
weeks. Longer-acting insecticide-dusts (such as
Deltadust, Bayer Environmental Science,
Montvale, New Jersey) should provide better
protection against plague (Seery et al., 2004).
Probably for this reason, Pyraperm is no longer
commercially available.

One person can infuse about 100 burrow en-
trances per hour with an insecticide-dust such
as Pyraperm or Deltadust. Infusing burrows at
numerous small colonies or at a few large col-
onies is thus feasible for a single person or for
small teams. At this small scale, and perhaps at
larger scales as well, insecticide-dusts might
play an important role in the conservation of
prairie dogs and the grassland ecosystem.

Sick prairie dogs sometimes transmit plague
to humans (Levy and Gage, 1999). Even with
current antibiotics, plague among humans is
difficult to neutralize and can be lethal (Gott-
fried, 1983; Keeling and Gilligan, 2000). Pyra-
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perm and other insecticide-dusts help to pro-
tect humans against the transfer of plague
from prairie dogs and their fleas. This security
might be especially valuable when prairie dog
colonies occur within boundaries of cities, as
they frequently do (e.g., Denver, Colorado;
Flagstaff, Arizona; and Laramie, Wyoming).
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