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Plague is a virulent zoonosis, vectored by fleas, posing danger to black-tailed prairie dogs (BTPDs) (Cynomys
ludovicianus), black-footed ferrets (Mustela nigripes), and humans in North America. During prior research, a
fipronil grain bait (0.005%) applied at rates of 1-% cup/burrow, reduced flea abundance by > 95-100% when

Fipronil . applied three times February—March in northern Colorado. The objective of the current study was to determine
Oropsylla hirsuta X . P, . . o !

Fleas the efficacy of fipronil bait against fleas in northern Colorado at reduced application rates (/4 cup/burrow) and
Plague frequencies (1-2 applications). The field study was conducted in Larimer county, Colorado USA between June-
Vector control November 2018. Three test plots were selected: two treatment plots (1 vs. 2 fipronil bait applications) and one
Yersinia pestis untreated control. Fipronil was applied at a rate of ;> cup (~95 g)/burrow. Fleas were collected from captured

BTPDs and swabs of active burrows prior to bait application and up to 134-days post-treatment. A total of 203
BTPDs and 210 active burrows were sampled. Within the treatment plots, no fleas were collected from BTPDs up
to 134-days post-treatment (100% efficacy). Five fleas were recovered from burrows within the one-application
plot (<40-days post-application) with efficacy ranging from 97.1 to 100%. No fleas were recovered from burrows
within the two-application plot. We caution that while fleas were present within the control plot throughout the
study, abundances were low. The efficacy results are supported by those of prior field research conducted in
South Dakota and suggest that fipronil bait may be applied at lower rates and frequencies than initially proposed,
with potential to sustain flea removal >4-months.

1. Introduction

Plague, caused by the bacterium Yersinia pestis, is a virulent vector
borne zoonosis, transmissible to humans, and maintained in nature by
fleas (pathogen vector) and rodents (pathogen host) (Gratz, 1999).
Although human plague incidence and mortality are minimized relative
to the pandemics of prior centuries (United States Centers for Disease
Control and Prevention, 2020), human instances of plague still occur in
the United States (US) with 16 cases and 4 deaths reported in 2015
(United States Centers for Disease Control and Prevention, 2019). In the
US, plague epizootics have severe negative impacts on black-tailed
prairie dog (BTPD) (Cynomys ludovicianus) populations and mortality
rates in colonies can reach 100% (Stapp et al., 2004; Pauli et al., 2006).
The prairie dog is considered a keystone species that significantly im-
pacts the structure, function, and composition of ecosystems (Miller
et al., 2000), and plague epizootics within BTPD populations negatively
impact grassland ecosystems and wildlife species dependent upon them
(Antolin et al., 2004; Eads and Biggins 2015). This is evidenced
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particularly by the fact that black-footed ferret (Mustela nigripes) resto-
ration efforts are often hindered by plague (Roelle et al., 2006; Matchett
et al., 2010). Thus, plague management should continue to focus on
reducing the occurrence and severity of plague within BTPD colonies
with the aim of preserving wild populations, protecting the wildlife
species that depend on them, and reducing risk of Y. pestis transmission
to humans.

Vector control through use of insecticides provides a promising so-
lution for reducing flea abundance. Oral baits formulated with low
concentrations of insecticide, can systemically control ectoparasites
such as ticks and fleas feeding on rodents (Borchert et al., 2009; Poché
et al., 2017, 2020; Pelletier et al., 2020; Poché et al., 2017, 2020),
meaning that the insecticide is absorbed by the ectoparasite during
blood feeding. Several insecticidal compounds have demonstrated
promise in controlling on-host fleas, systemically, when administered
orally to host rodents (Borchert et al., 2009; Davis et al., 1999; Slowik
et al., 2001; Jachowski et al., 2011). Fipronil, an insecticide (phenyl-
pyrozol) which blocks the GABA and glutamate-gated chloride channels
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of arthropods (Raymond-Delpech et al., 2005), is particularly promising,
and has controlled a variety of arthropod pest species including fleas
under field and laboratory conditions. Studies utilizing phlebotomine
sand flies (Ingenloff et al., 2013) reported fipronil to be more efficacious
than eprinomectin, imidacloprid, and diflubenzuron.

Recently, a fipronil grain bait (0.005%) was developed for flea
control on rodents (United States Environmental Protection Agency Reg.
No. 72500-28) with the aim of disrupting zoonotic plague transmission
(Poché et al., 2017). The field study, which led to federal registration of
the fipronil bait, was conducted in 2015 in northern Colorado (Larimer
County), where the bait was applied 3x over 3-weeks from Februar-
y-March. The fipronil application rates were 0.1345 mg/m? (Day-0:
1-cup/burrow), 0.069 mg/m? (Day-7: % cup/burrow), and 0.084 mg/m?
(Day-21: ' cup/burrow), respectively. The fipronil bait successfully
reduced the number of fleas parasitizing BTPDs by >95% for a minimum
of 52-days post-initial bait application.

Although the results of the above study were satisfactory based upon
US Environmental Protection Agency (EPA) regulatory guidelines
(United States Environmental Protection Agency, 1998), a lesser appli-
cation rate and application frequency would be economically and
environmentally advantageous. A more recent study conducted in the
northern subzone desert in southeastern Kazakhstan in 2016 (Poché
etal., 2018) indicated the EPA-registered fipronil bait formulation could
reduce Xenopsylla spp. fleas, parasitizing great gerbils (Rhombomys opi-
mus), by 100% for at least 80 days post-treatment, when performing two
baiting applications (2 cup/active burrow), each at a rate of 0.006
mg/m2 (Poché et al., 2018). These researchers indicated that the rate of
decline in bait efficacy was not calculable because 100% efficacy was
obtained for the study duration, and hence efficacy would have likely
been sustained for a longer duration. This hypothesis is supported by a
recent field study conducted in Buffalo Gap National Grassland, South
Dakota (Eads et al., 2019). The results suggested that a single applica-
tion (% cup/active burrow) of this fipronil bait formulation, performed
in July, could reduce fleas parasitizing BTPDs up to 3-months by
97-100% and could significantly suppress fleas up to 12-months (Eads
et al., 2019). These studies suggest that the number of applications
(1-2x) and application rates in northern Colorado can be reduced
markedly and that the efficacy of fipronil bait in reducing fleas should be
investigated several months post-exposure.

It would additionally be useful to monitor the off-host flea abun-
dance within colonies (Krasnov et al., 2004). The field studies conducted
by Pocheé et al. (2017), 2018) and Eads et al. (2019) did not explicitly
estimate the impact of fipronil treatment upon off-host flea abundance.
However, Poché et al. (2018) noted a complete absence of Xenopsylla
gerbili minax within examined burrow entrances post-treatment, sug-
gesting that control of on-host fleas with fipronil bait would subse-
quently reduce off-host fleas. Off-host abundance was not investigated
by Eads et al. (2019) because the primary BTPD flea species, (Oropsylla
hirsuta) is regarded as a “fur flea” spending most of its time on-host
(Krasnov, 2008) and has demonstrated high mortality in the absence
of available blood meals (Salkeld and Stapp, 2008; Wilder et al., 2008).
However, prairie dog fleas have been observed within burrows 3-months
to 1-year after active colonies have been removed by plague (Lechleitner
etal., 1968; Fitzgerald 1970; Cully et al., 1997), suggesting that they can
survive off-host for a considerable period. Fipronil bait acts systemically,
and thus most directly impacts on-host blood feeding fleas. Managers
might better confirm the complete removal of fleas from BTPD colonies
by monitoring post-treatment off-host flea abundance within
fipronil-treated localities.

The objective of this study was to determine the potential for 1-2
applications of fipronil grain bait (0.005%) to reduce fleas (Oropsylla
spp.) parasitizing BTPDs and active burrows >4-months post-
application in northern Colorado. Significant reductions >4-months
post-exposure will further support the usefulness of fipronil bait in
reducing infected flea bite risk to BTPDs, dependent wildlife species, and
humans. In addition to providing protection from infected flea bites,
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reducing the fipronil application rates and frequencies would prove
more feasible and cost effective for managers, as well as presenting
reduced risk of access by non-targets, potential for bioaccumulation, and
potential for insecticide resistance. This work serves as 1) a follow-up to
the work conducted by Poché et al. (2017) in northern Colorado; and 2)
a complimentary replication to the work conducted by Eads et al. (2019)
performed in a shortgrass ecosystem within a different North American
state. The results should provide insights into the usefulness of this
reduced fipronil application rate in controlling BTPD fleas in northern
Colorado.

2. Materials and methods
2.1. Study area

The study was performed in 2018 (June 25-November 16) in a Lar-
imer County Colorado locality (~N 40° 42’ 28.8, W 105° 04’ 16.4) on
private land. Three test plots) were selected and randomly assigned to
one of three test groups: Treatment 1 (T1), Treatment 2 (T2), and un-
treated control (Control). Each plot was an individual BTPD colony. The
perimeter of each plot was mapped using a handheld GPS (Garmin Etrex
30, Garmin, Olathe, KS). The area of each interior plot was ~4.04 ha
(T1), ~4.04 ha (T2) and ~4.03 ha (Control). Treated buffer zones
(>100 m) encircled both treatment plots, resulting in total areas of
~13.68 ha (T1) and 13.07 ha (T2). The perimeters of each test plot were
separated by > 500 m and were each separated by paved roads and hills,
which served as natural boundaries to separate the BTPD colonies.
Permission was received from the property owners prior to study
initiation.

2.2. Collection of rodents and fleas

Over the course of the experiment, fleas were collected from BTPDs
and active burrows at ~2-4-week intervals. BTPDs were captured using
Tomahawk live traps (Tomahawk® Live Trap Company, Hazelhurst WI)
(7.6 x 7.6 x 25 cm). To maximize trapping success, traps were wired
open and baited with rolled oats and peanut butter for 2-3 days. After
BTPDs were properly conditioned to feed from traps, the wires were
removed from the traps, which continued to be baited. During each
trapping period, 6-10 BTPDs were captured within each study plot.

BTPDs were captured during 7 trapping periods, 1 Pre-treatment and
6 Post-treatment (Post-): Pre-treatment (June 25-27), 1st Post- (July
16-19), 2nd Post- (August 6-9), 3rd Post- (August 27-31), 4th Post-
(September 24-27), 5th Post- (October 22-24), and 6th Post- (November
13-15). Approximately 20-40 traps were activated within each plot
with the location of each trap identified using a handheld GPS (Garmin
Etrex 30, Garmin, Olathe, KS). Traps were opened at ~0700 h and were
checked at least hourly. Captured BTPDs were marked by numbered ear
tag. BTPDs recaptured within the same trapping period were immedi-
ately released at the point of capture.

Captured BTPDs were anesthetized using an isoflurane vaporizer
connected to an induction chamber (17” L x 8.5” W x 10.5” H) for
~6-10 min. After reaching an anesthetic plane, BTPDs were removed
from the chamber and fleas were collected using methods similar to
those described by Davis (1999). All fleas were removed from the fur of
BTPDs using a metallic flea comb and were collected using a handheld
electronic aspirator. Fleas were then transferred to 50 mL conical tubes.

Fleas were collected from active burrows, utilizing a burrow swab-
bing technique similar to that described by Ecke and Johnson (1952)
and Griffin et al. (2010), during 7 swabbing periods: Pre-treatment
(June 29), 1st Post- (July 19-20), 2nd Post- (August 8-9), 3rd Post-
(August 29-31), 4th Post- (September 24-27), 5th Post- (October
23-24), and 6th Post- (November 15-16). During each swabbing period,
fleas were obtained from 10 active burrows within each plot. Active
burrows are defined as those with fresh BTPD scat (greenish, black, dark
brown) in the opening or ~0.5 m of it (Biggins et al., 1993) and with
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obvious fresh digging and tracks. Burrows utilized for swabbing were 1)
burrows actively used by BTPDs, 2) burrows in which sunlight was able
to enter the tunnel, and 3) burrows in which swabbing could be per-
formed at sufficient burrow depths (Eads, 2017). Burrows were swabbed
using an ~3.5 m metal plumbing snake. A white flannel cloth (swab)
(15 cm x 15 cm) was connected to the plumbing snake using an alligator
clip and was inserted into an active burrow and into the burrow chamber
(>2 m depth). Once removed from the burrow, swabs were immediately
placed individually into sealable plastic bags.

All fleas collected during sampling were taken to the laboratory and
stored in a —20 °C freezer. Collected fleas were separated from dirt and
debris using fine-tipped forceps and the total number of fleas per BTPD
and per burrow were recorded. A subsample of fleas was retained (n =
50) which were identified to the species level using published taxonomic
keys (Hubbard, 1947).

2.3. Rodent grain bait (0.005% fipronil)

The fipronil grain bait evaluated during this study was manufactured
with a nominal fipronil concentration of 0.005% (50 ppm). The nominal
concentration in the bait was confirmed using a High-Performance
Liquid Chromatography (HPLC) reverse-phase method as was
described by Poché et al. (2017). The mean concentration of fipronil in
the bait was 50.9 + 2.0 ppm (n = 4, recovery = 102%, CV = 3.89%).
During fipronil bait application, similar to the methodology described
by Poché et al. (2017), (2018) and Eads et al. (2019), ¥ cup (~95 g)
fipronil bait was scattered within 1 m of each active burrow within each
treatment plot (+buffer zone). Similar to Eads et al. (2019), a single
fipronil bait application was conducted within T1 on July 2 (Day-0).
Fipronil bait application was conducted within T2 on July 2 and on
September 4 (Day-64). The ~60-day follow up application was per-
formed within T2 under the assumption that a vector population could
recover from initial treatment (Poché et al., 2016). The whole blood
half-life of a single oral dose of fipronil in laboratory rats (4 mg/kg, 150
mg/kg) can range from 8.3 to 2.1 days (United States Environmental
Protection Agency, 1996), suggesting that a follow up application could
be needed to eliminate any surviving fleas. The Control plot received no
fipronil bait application.

All activities involving animals during this study adhered to Animal
Welfare Act (AWA) regulations and were approved by the Genesis
Laboratories, Inc. Institutional Animal Care and Use Committee (IACUC)
(USDA AWA, 9 CFR Parts 1-3) (May 4, 2018 edition). Colorado Parks
and Wildlife Scientific Collection License (18 TR206a) was obtained
prior to trapping BTPDs.

2.4. Data analyses

Parasitized BTPDs and parasitized burrows were defined as those
having a minimum of 1 flea. Flea prevalence was defined as the pro-
portion BTPDs or active burrows which were parasitized by fleas. Flea
abundance was defined as the mean number of fleas per BTPD/burrow
per plot per sampling period. Pre-treatment, 1st Post-, 2nd Post-, 3rd
Post-, 4th Post-, 5th Post-, and 6th Post-treatment flea abundances were
used to estimate the efficacy of fipronil bait. Efficacy was estimated
using an equation described by Henderson and Tilton (1955). The
equation is a modified form of Abbott’s formula (Abbott, 1925), which
adjusts for differences in flea abundance within the treatment and
control during pre-treatment. The equation is presented below:

Ta*Cbh
Tb*Ca

Efficacy (%) = 100* (1 -

where:

T = Treatment Group, C= Control Group, b = Mean number of fleas
parasitizing BTPDs or burrows during pre-treatment timepoint, a =
Mean number of fleas parasitizing BTPDs or burrows during post-
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treatment timepoint.

Differences in the number of fleas collected from BTPDs and active
burrows between each plot (T1, T2, Control) and within each plot during
Pre-treatment, 1st Post-, 2nd Post-, 3rd Post-, 4th Post-, 5th Post-, and
6th Post-treatment were analyzed using a non-parametric Kruskal-
Wallis test and Wilcoxon Rank-Sum test. Differences in the number of
fleas collected on BTPDs and within active burrows were analyzed using
a Wilcoxon Rank-Sum test. Differences in flea prevalence were analyzed
using a Pearson’s x? test for independence. Statistical analyses (p <
0.005) were performed using JMP statistical software (Version 15) (SAS,
Cary, NC, US).

3. Results
3.1. Fipronil bait application

A total of 18.7 kg of fipronil bait (0.005%) was used to treat ~197
active burrows within T1 (July 2). Within T2, a total of 29.6 kg (July 2)
and 29.4 kg (September 4) bait were used to treat ~312 and 309 active
burrows, respectively (total = 59.0 kg). The fipronil application rate
within T1 and T2 were 0.007 mg/m? (1x) and 0.011 mg/m? (2x),
respectively. Fipronil bait and fipronil application rates are presented in
Table 1.

3.2. Rodent and flea collection

A total of 203 BTPD captures occurred over the course of the study.
One hundred eleven (111) individual BTPDs were marked with ear tags
and 92 were recaptured at successive timepoints. BTPD captures are
summarized in Table 2. A total of 417 fleas were collected from 30
BTPDs captured pre-treatment. All plots exhibited flea prevalence (95%
CI) on BTPDs of 0.9 (0.60, 0.98) during pre-treatment (Fig. 1a). The flea
abundances (+SD) on captured BTPDs during Pre-treatment were 32.7
+ 44.3 (T1), 5.9 + 6.8 (T2) and 3.1 + 2.2 (Control). No fleas were
collected on 113 captured BTPDs within T1 or T2 during the 6 post-
treatment sampling periods. Seventy-eight (78) fleas were collected
from 60 captured BTPDs processed within the Control plot during the 6
post-treatment sampling periods with flea prevalence being: 1st Post-:
0.4 (0.17, 0.69), 2nd Post-: 0.4 (0.17, 0.69), 3rd Post-: 0.6 (0.31, 0.83),
4th Post-: 0.7 (0.40, 0.89), 5th Post-: 0.6 (0.31, 0.83), 6th Post-: 0.6
(0.31, 0.83) (Fig. 1a). The flea abundances within the Control (1st Post-:
0.8 + 1.5, 2nd Post-: 0.9 £ 1.3, 3rd Post-: 1.2 4 1.3, 4th Post-: 2.0 + 1.8,
5th Post-: 1.1 + 1.2, 6th Post-: 1.8 + 2.0) were low throughout the study.
Efficacy of fipronil bait in reducing fleas on wild-caught BTPDs within
T1 and T2 was estimated to be 100% during all 6 post-treatment
collection periods. All flea abundances data and efficacy estimates are
presented in Tables 3 and 4, respectively.

A total of 210 active burrows were swabbed for fleas over the course
of the study. During Pre-treatment, 117 fleas were collected from within
30 active burrows. Flea prevalence in burrows during Pre-treatment was
0.7 (0.4, 0.89) (T1), 0.6 (0.31, 0.83) (T2) and 0.1 (0.02, 0.40) (Control)
(Fig. 1B) and flea abundances were 10.5 + 8.6 (T1); 1.1 + 1.1 (T2); and
0.1 £ 0.3 (Control). Flea prevalence within burrows within T1 during
post-treatment was 0.2 (0.06, 0.51) (1st Post-), 0.1 (0.02, 0.40) (2nd
Post-), and O for the remaining sampling periods (Fig. 1B), and flea

Table 1
Application rate of bait and fipronil by within T1 plot and buffer area 13.68 ha
(136,8 m?) and T2 plot and buffer area 13.07 ha (130,7 m?).

Plot Application Bait Bait Fipronil
Identification Date Applied Application Application
(kg) Rate (g/m?) Rate (mg/m?)
T1 July 2 18.7 0.14 0.007
T2 July 2 29.6 0.23 0.011
September 4 29.4 0.22 0.011
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Table 2
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Number of black-tailed prairie dogs (Cynomys ludovicianus) captured within the three test plots.

2nd Post-treatment
(8/6/18-8/9/18)

Pre-treatment
(6/25/18-6/27/

Sampling Period 1st Post-

treatment (7/

3rd Post-treatment
(8/27/18-8/31/18)

6th Post-treatment
(11/13/18-11/15/

5th Post-treatment
(10/22/18-10/24/

4th Post-treatment
(9/24/18-9/27/18)

18) 16/18-7/19/18) 18) 18)
Plot ID T1 T2 “C T1 T2 C T1 T2 C T1 T2 C T1 T2 C T1 T2 C T1 T2 C
Total Captured 10 10 10 10 7 10 10 10 10 10 10 10 10 10 10 10 10 10 10 6 10
Newly Marked 10 10 10 9 6 9 2 5 8 3 5 7 2 2 3 6 3 4 3 0 4
Recaptured ‘N N N 1 1 1 8 5 2 7 5 3 8 8 7 4 7 4 7 6 6

2 C = control plot, N = not applicable.

|

Pre-Treatment  1st Post-

aTl
oT2
8 Control

Flea Prevalence on

2nd Post- 3rd Post-

Sampling Period

4th Post- 5th Post- 6th Post-

(G

[ 33t
oT

BControl

®)

Fig. 1. Flea prevalence (0.0-1.0) during pre-treatment and post-treatment for
(A) captured black-tailed prairie dogs (Cynomys ludovicianus); and (B) active
burrows. Vertical bars indicate the 95% confidence intervals (95% CI).

abundances were 0.2 + 0.4 (1st Post-), 0.3 &= 0.9 (2nd Post-), and 0 for
the remaining sampling periods. No fleas were collected within burrows
during any of the post-treatment sampling periods within T2. Flea
abundances for active burrows within the Control during post-treatment
were low throughout post-treatment: 0.1 + 0.3 (1st Post-), 0.3 + 0.9
(2nd Post), 0.6 & 1.2 (3rd Post-), 0 (4th Post-), 0 (5th Post), and 0.1 +
0.3 (6th Post-). Efficacy of fipronil bait in reducing fleas collected from
active burrows within T1 was: 98.1% (1st Post-), 97.1% (2nd Post-),
100% (3rd Post-), and 100% (6th Post-). Efficacy of fipronil bait within
T2 was 100% at 1st Post-, 2nd Post-, 3rd Post-, and 6th Post. No fleas
were collected within the three test plots (Control included) at 4th Post-
and 5th Post-, and therefore efficacy could not be estimated. All flea
abundances and are presented in Table 3.

Pre-treatment flea abundance in T1 was significantly greater relative
to T2 (Wilcoxon; p = 0.0062) and Control (Wilcoxon; p = 0.0003).
During all post-treatment periods, flea abundance was significantly
greater within Control relative to T1 (Kruskal-Wallis/Wilcoxon; p <
0.0001) and T2 (Kruskal-Wallis/Wilcoxon; p < 0.0001). In T1 and T2,
flea abundance at all post-treatment sampling periods was significantly
reduced relative to pre-treatment (Kruskal-Wallis/Wilcoxon; p <
0.0001). Flea abundance within pre-treatment Control was not signifi-
cantly different relative to any post-treatment sampling period but was
nearly significant when compared with 1st Post- (Wilcoxon; p = 0.0532).
During pre-treatment, flea abundance was significantly higher on BTPDs
relative to active burrows within Control (Wilcoxon; p = 0.0004) and T2
(Wilcoxon; p = 0.0257) but not T1 (Wilcoxon; p = 0.7043). The
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probability of flea prevalence was greater on BTPDs than in active
burrows (Pearson’s x% p < 0.0001) and was significantly reduced during
post-treatment relative to pre-treatment (Pearson’s x% p < 0.0001).

Fifty (50) fleas were morphologically identified by species: 49 were
identified as O. hirsuta (18 males, 31 females), and 1 was identified as
female Pulex spp.

4. Discussion

These results support those of Eads et al. (2019), suggesting that
fipronil bait, applied once in July at a rate of 0.007 mg fipronil/m? (1,/2
cup per active burrow) in northern Colorado, could potentially reduce
fleas (O. hirsuta) up to 100% for 134-days (>4-months) post-exposure.
Fleas parasitizing BTPDs were reduced by 100% in areas treated with
fipronil bait. When calculable, fleas were reduced by 97.1-100% within
the area treated with a single fipronil application (T1). The results ob-
tained from the T1 plot are considerably reinforced by the results of Eads
et al. (2019) who recorded 97-100% flea reductions up to 3-months
after a single application, suggesting that these two studies may serve
as complimentary investigations demonstrating the usefulness of fipro-
nil bait in controlling fleas of BTPDs in at least two locations in North
America. The current study suggested application rates ~13.7x and
~8.7x lower than the average application rate used over three appli-
cations performed by Poché et al. (2017) could affectively control fleas
parasitizing BTPDs. High frequency application of a single insecticide
can lead to resistant vector populations through the process of selection
pressure (Nauen, 2007). Therefore, reducing the fipronil application
rate (1/2 cup/active burrow) to ensure the bait is taken up quickly by
the BTPD population, and reducing the number and frequency of ap-
plications should reduce risk of potential insecticidal resistance.
Although research suggests that the potential for direct resistance of
fleas to fipronil is uncertain or improbable (Tingle et al., 2003; Rust
et al., 2015), treated flea populations should continue to be monitored
for potential resistance (Rust, 2016). Reduced application rates and
treatment frequency should minimize the probability of resistance
occurring and the results of the current study, in addition to those pre-
sented by Poché et al. (2018) and Eads et al. (2019), suggest low rates
and frequencies are achievable. The results of the current study, in
conjunction with the those of Poché et al. (2017) and Eads et al. (2019)
should provide wildlife managers and human health practitioners with
important insights concerning the usefulness and challenges associated
with utilizing fipronil bait to control fleas parasitizing BTPDs in short-
grass ecosystems within multiple North American States.

The EPA conducted a thorough risk assessment of this fipronil bait
prior to registering it (Reg. No. 72500-28) as a product for use against
BTPD fleas in parks, golf courses, non-crop rights-of-way, and other non-
crop areas. As previously reported by Poché et al. (2017), (2018) small
mammals would be required to eat more than their own body weight of
0.005% fipronil bait in one sitting to reach the oral LDsq reported for
mammals (97 mg/kg) (United States Environmental Protection Agency,
1996), an improbable feat. Additionally, the reduced amount of bait
applied (1/2 cup per active burrow) and the infrequent bait application
schedule (1 application per ~3-4 months) during the current study and
that of Eads et al. (2019), relative to the research of Poché et al. (2017),
should further prevent chronic exposure and fipronil bioaccumulation in
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Table 3

Black-tailed prairie dog (Cynomys ludovicianus) and burrow mean flea abundances (+SD) within each test plot, and estimated fipronil bait efficacy.

6th Post-treatment (11/
13/18-11/15/18)

5th Post-treatment (10/
22/18-10/24/18)

4th Post-treatment (9/
24/18-9/27/18)

3rd Post-treatment (8/
27/18-8/31/18)

2nd Post-treatment (8/6/18-8/

9/18)

1st Post-treatment (7/16/

Pre-treatment (6/25/18-6/27/18)
18-7/19/18)

Sampling
Period

T2

T1

T2

T1

T2

T1

T2

T1

T2

T1

“C T1 T2
3.1

T2

T1

Plot ID
BTPDs

1.8

1.1

2.0

1.2

0.9

0.8

5.9

32.7

(+£2.0)
0.1

(+1.2)

(+1.8)

(+1.3)
0.6

(+1.3)
0.3

(£1.5)
0.1

(+£2.2)
0.1

(+6.8)
1.1

(+44.3)
10.5

0.3

0.2

Burrows®

(£0.3)

(+1.2)

(+0.6)

(+0.9)

(+0.3)

(£0.3) (+£0.4)

(£1.1)

(+8.6)

4 C = control plot, Fleas were collected from 10 active burrows within each plot during each sampling period.
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BTPDs. During the current study, no evidence of non-target animal death
or distress was observed. This finding is consistent with prior field
studies evaluating low dose fipronil and imidacloprid flea baits
(Borchert et al., 2009; Jachowski et al., 2011; Poché et al., (2017),
(2018). However, the above researchers acknowledge that an absence of
non-target collateral cannot be completely confirmed because observa-
tions were performed above ground during the day. The potential for
non-target collateral should continue to be investigated and proper
precautions should be taken. Additional fipronil bait research might
consider further evaluating any impact of application on non-target
species and strive to provide additional recommendations to further
minimize potential for non-target risk.

This study’s greatest limitations are likely low flea abundance and a
small BTPD sample size. Low flea abundance within the Control plot
(particularly within active burrows) may have weakened the baseline,
suggesting that additional testing may be needed in areas with greater
flea abundance. Throughout the study, we note that landowners would
periodically irrigate a considerable proportion of the Control plot. On
multiple occasions, the flannel swabs utilized during swabbing were
observed to be soaked with water upon retrieval from burrows, indi-
cating partial flooding of burrow systems. It is likely that recurring
irrigation had a negative impact on flea abundance within this locality.
Flea survivorship can decline in response to high temperature (Krasnov
et al.,, 2001), and given this study was initiated during the summer
months, it is possible that low numbers within the control plot were a
partial byproduct of temperature-related mortality. However, the mi-
croclimates within burrow systems should be more conducive to flea
survivorship relative to above ground, and the effects of temperature on
flea survivorship should be further studied (Tripp et al., 2009). The low
sample size of 6-10 BTPDs/burrows per plot was selected based on EPA
recommendation (United States Environmental Protection Agency,
1998). However, because on-host flea abundance typically follows a
negative binomial distribution within prairie dog colonies (Tripp et al.,
2009; Eads et al., 2016), as was the case during the current study, a
greater number of samples would be ideal to better insure that all
parasitized BTPDs would be included in the sample. The distribution of
the data led to the use of non-parametric statistical methods. Addi-
tionally, the continuous trapping conducted over the course of the study
resulted in the majority of BTPDs being recaptures during the latter
post-exposure timepoints. However, considering the only fleas we found
on any BTPDs following pre-treatment were collected within the control
plot, it is improbable that recaptures would have impacted the results
collected from the treatment plots. While a sizable number of control
group fleas and larger BTPD sample would have made these results more
robust, we still contend that the complete removal of fleas within the
treatment areas suggests fipronil bait significantly impacted flea abun-
dance within these areas. An average of 32.7 fleas per BTPD was
collected within T1 during pre-treatment, ~10.5x greater than the
average recorded within the Control plot during the same period. After a
single fipronil application, no fleas were collected from BTPDs for the
remainder of the study, including the months of August-October, during
which flea abundance would be expected to be high (Tripp et al., 2009).
Two applications also led to the complete removal of fleas within T2.
Although flea abundance was low within the Control plot, fleas were
collected from multiple captured BTPDs during each post-treatment
timepoint. Use of the equation described by Henderson and Tilton
(1955) allowed efficacy to be adjusted based upon changes in flea
abundance within the Control plot. Although only 6-10 BTPDs were
captured per plot at each sampling period, if we consider the entire
post-exposure period (zero fleas collected from 60 to 53 BTPDs collected
within T1 and T2, respectively), the study suggests that fipronil signif-
icantly impacted flea abundance. While future studies of greater sample
size (plots + BTPDs) and flea abundances would add confidence to the
reproducibility of these data, we argue that the results of this study are
still important and resulted in 97.1-100% reduction in flea abundance.
The current efficacy results replicate those of Eads et al. (2019)
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Table 4
Efficacy (%) reduction in flea abundance on BTPDs and within BTPD burrows.
Sampling Method Plot ID “Efficiancy
1st Post-treatment 2nd Post-treatment 3rd Post-treatment 4th Post-treatment 5th Post-treatment 6th Post-treatment
BTPDs T1 100% 100% 100% 100% 100% 100%
T2 100% 100% 100% 100% 100% 100%
Burrows T1 98.1% 97.1% 100% NC NC 100%
T2 100% 100% 100% NC NC 100%

NC = not calculable due to no fleas being collected within any of the three plots.

@ The flea abundances reported in Table 3 were used to calculate efficacy. Calculations were performed using the equation described by Henderson and Tilton

(1955).

(97-100% efficacy), suggesting that fipronil bait application has po-
tential to efficaciously control fleas within another shortgrass ecosystem
in northern Colorado.

Overall, on-host flea abundance was significantly greater than off-
host abundance. Low flea abundance within burrows was particularly
obvious within the Control plot, where flea abundance was low in
general. In contrast, flea numbers within active burrows in T1, while
lower than BTPD numbers, did not differ significantly. This suggested
that burrow swabbing would be a more reliable measure in areas of
heavy on-host flea abundance, and hence, areas at risk of epizootic
plague outbreaks. Although numerous fleas were collected off-host
within the treatment plots (particularly T1) during pre-treatment,
100% (T2) and 98.1% (T1) efficacy were obtained at 1st Post-after a
single application. The fast-acting nature of fipronil on fleas actively
blood feeding on BTPDs is intuitive, however it is also encouraging that
>98.1-100% efficacy was achieved for off-host fleas within 2-weeks of
fipronil bait application. The potential for immediate efficacy against
off-host fleas may be a byproduct of the majority of fipronil being
excreted in feces (United States Environmental Protection Agency,
1996). Immature fleas feed on organic material such as feces within the
burrows (Krasnov, 2008). This is supported by previous findings indi-
cating that fipronil bait is highly efficacious against phlebotomine sand
fly larvae feeding on rodent and cattle feces (Ingenloff et al., 2013:
Mascari et al., 2013: Poché et al., 2013). Given the low flea abundance
within the Control plot burrows, we report these results with caution.
Additional research is needed before the impact of fipronil bait on flea
abundance within burrows can be fully understood.

In considering future studies, researchers should aim to evaluate how
seasonality of fipronil bait application might impact its efficacy against
fleas. During the study conducted by Poché et al. (2017), treatment was
performed 3x from February to March and resulted in 95-100% mor-
tality. Additional research conducted by Tripp et al. (2016) suggested
that deltamethrin treatment performed in autumn provided longer flea
control than did treatment performed in spring. The results of a single
fipronil bait application may vary dependent on timing and thus addi-
tional studies evaluating the impact of timing on fipronil bait efficacy
would be useful. Additionally, should flea abundance gradually recover,
studies should be designed in which spring or summer treatment is
followed by a subsequent autumn treatment (Poché et al., 2018),
perhaps ~4-6 months post-treatment. The long-term efficacy of fipronil
bait in reducing flea abundance should also be evaluated up to
12-months post-treatment in northern Colorado as was done previously
in South Dakota (Eads et al., 2019). Finally, while this study serves as
complimentary to the work conducted by Eads et al. (2019), researchers
should consider the potential for a study in the same area in Colorado
with an expanded sample size to include several control and treatment
plots.

The results suggest the potential for fipronil bait (0.005%), applied
one to two times at a rate of ' cup (95 g)/burrow, to efficaciously
control fleas (O. hirsuta) parasitizing BTPDs and occupying active bur-
rows up to 134-days (>4-months) post-treatment. These results are
supported by the results of Eads et al. (2019) and suggest that fipronil
bait may provide a means of controlling fleas of BTPDs in shortgrass
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ecosystems within at least two US states. Additional studies conducted in
areas known to have high flea density, in addition to studies evaluating
treatment efficacy up to 12-months post-exposure as was done by Eads
et al. (2019), would be useful to further estimate the impact of fipronil
baits on on-host and off-host flea abundance in northern Colorado.
Additionally, future studies might expand upon the current results and
those of Eads et al. (2019) by evaluating the use of a single fipronil bait
application implemented at different times throughout various seasons.
Through reducing on-host and off-host flea abundance, fipronil bait
application has potential to protect BTPDs from epizootic plague for
several months and subsequently reduce negative impacts on dependent
wildlife species and risk of plague infection in humans.
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