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ABSTRACT

Background & objectives: Appreciating how Yersinia pestis, the etiological agent of plague, spreads among
black-tailed prairie dog (Cynomys ludovicianus) colonies (BTPD), is vital to wildlife conservation programs
in North American grasslands. A little-studied aspect of the system is the role of Y. pestis vectors, i.e. fleas,
play in the spreading of plague in natural settings. We investigated the genetic structure and variability of a
common prairie dog flea (Oropsylla hirsuta) in BTPD colonies in order to examine dispersal patterns. Given
that this research took place during a widespread plague epizootic, there was the added advantage of gaining
information on the dynamics of sylvatic plague.

Methods & Results: Oropsylla hirsuta were collected from BTPD burrows in nine colonies from May 2005 to
July 2005, and eight polymorphic microsatellite markers were used to generate genotypic data from them.
Gene flow estimates revealed low genetic differentiation among fleas sampled from different colonies. Nested-
PCR plague assays confirmed the presence of Y. pestis with the average Y. pestis prevalence across all nine
colonies at 12%. No significant correlations were found between the genetic variability and gene flow of O.
hirsuta and Y. pestis prevalence on a per-colony basis.

Conclusion: Oropsylla hirsuta dispersal among BTPD colonies was high, potentially explaining the rapid
spread of Y. pestis in our study area in 2005 and 2006.
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INTRODUCTION

Black-tailed prairie dogs (BTPD), Cynomys
ludovicianus (Rodentia: Sciuridae) have become a major
focus in wildlife conservation because they are consid-
ered a ‘keystone’ species in North American grasslands1.
Over 200 prairie species are supported by BTPDs includ-
ing the endangered black-footed ferret, Mustela nigripes
(Carnivora: Mustelidae)1. One of the most devastating dis-
eases currently impacting BTPDs is sylvatic plague2 mak-
ing an understanding of plague dynamics on the landscape
vital to the conservation of the prairie ecosystem.

Sylvatic plague, caused by Yersinia pestis (a gram-
negative bacterium), is mainly transmitted via bites from
infected fleas. More rarely, Y. pestis is transmitted by a
bite from an infected rodent or through inhalation of the
bacterium (pneumonic) itself from an infected host. These
various modes of transmission provide Y. pestis with the
ability to persist in the environment and infect multiple
hosts3. Of the several fleas that serve as vectors for Y.

pestis to BTPDs, the genus Oropsylla, particularly, O.
hirsuta (Siphonaptera: Ceratophyllidae) dominates the flea
fauna3-4.  Oropsylla hirsuta was selected as the focal spe-
cies for this study because of its common occurrence in
the BTPD colonies.

Many studies have used molecular techniques such as
microsatellite markers to elucidate how vectors of infec-
tious diseases disperse among wildlife populations4-7.
Hypervariable microsatellites are excellent for population
genetic studies of this type8-9. For example, studies that
made use of microsatellite variability in disease vectors
have uncovered patterns of genetic differentiation that have
given insight into how ectoparasitic vectors cause out-
breaks5,6, 10-13. Antonio-Nkondjio et al5 reported that the
mosquito Anopheles moucheti (Diptera : Culicidae), a ma-
larial vector, shows low genetic differentiation among
populations across large geographic ranges. This indicates
that the species has few ecological barriers to dispersal
which would limit its ability to carry malaria to new ar-
eas. Studies using molecular markers have also shown that
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humans have the potential to spread new disease vectors
into uninfected areas. For example, Bataille et al6 pro-
posed that mosquito movements between the Galápagos
Islands could not have occurred without the assistance of
the human settlers.  Other genetic studies elucidated how
vectors, such as the tsetse fly (Glossina palpalis), can
display the Wahlund effect while thriving in small popu-
lations11. This can create a situation in which the species
does not disperse over large distances and has a lower
potential to spread diseases like dengue over broad ar-
eas11. These examples illustrate the utility of studying ec-
toparasitic vector population genetic structures as a po-
tential means to understand how diseases appear in new
areas and may suggest ways to prevent, or at least limit
the spread of pathogens. The microsatellite markers for
O. hirsuta were recently developed13; therefore, this study
was one of the first that elucidated the population genetic
structure of this common BTPD flea.

The aim of this study was to use the genetic structure
of O. hirsuta to understand its dispersal pattern among
BTPD colonies, in an approach similar to studies of
Bataille et al6 and Failloux et al7 for other ectoparasitic
disease vectors. These studies used molecular markers to
elucidate the population genetic structure of ectoparasites
of interest and to study how that population genetic struc-
ture might have contributed to the spread of disease. In
addition, we wanted to determine whether Y. pestis preva-
lence was related to O. hirsuta genetic structure and vari-
ability, and therefore, the flea’s ability to disperse among
BTPD colonies. Because this study took place during an
unexpected epizootic; we were able to investigate the land-
scape genetic patterns of this common plague vector dur-
ing an active outbreak potentially enhancing our under-
standing of the plague transmission.

MATERIAL &  METHODS

Study site, flea collections & genomic DNA extractions
The study was conducted from May–July 2005 on

nine BTPD colonies in north-central Montana (Fig. 1).
The colonies were delineated into two regions, six were
located on the Fort Belknap Indian Reservation (FBIR) in
Blaine County, Montana, and three were located at 46 km
south-east on land administered by the U.S. Bureau of
Land Management (BLM) in Phillips County, Montana.
Because the entire area experienced a widespread plague
epizootic that began in fall of 2005, planned resampling
efforts for 2006 were impossible.

Fleas were collected from BTPD burrows using meth-
ods described by Jones and Britten4. Fleas were identified
to species using light microscopy using criteria described

in Lewis14. All fleas swabbed from burrows were tested
for the presence of Y. pestis, but only those identified as
O. hirsuta were used in this genetic study. Genomic flea
DNA was extracted using the Easy-DNA kitTM (Invitrogen
Life Technologies, Carlsbad, California) following a modi-
fied mouse tail extraction procedure13,15.

Polymerase chain reactions & Yersinia pestis assays
Oropsylla hirsuta used for the genetic study were

genotyped using eight microsatellite markers: Orop12, 13,
84, 158, 369, 586 from Jones et al13 and Cga4, 14 from
Binz et al16. Polymerase chain reactions (PCR) and
genotyping were done using the methods described in Jones
et al13. The same fleas used in this genetic study were
used to confirm the presence of Y. pestis and to calculate
Y. pestis prevalence.

Hanson et al15 developed a nested-PCR based diag-
nostic test to confirm the presence of Y. pestis in burrow-
collected fleas. The nested-PCR protocol yields high sen-
sitivity for detecting Y. pestis allowing detection from small
volumes of sample15. The primers target a 110 bp seg-
ment of the plasminogen activator gene (pla) found only

Fig. 1: Black-tailed prairie dog colonies where Oropsylla hirsuta
were collected are labeled. Mean FIS estimates are in
parentheses near each identified sample site. Sample sizes
per colony are: FBIR 97S: 16; FBIR 94: 14; FBIR 95: 14;
FBIR 126: 14; FBIR 127: 9; FBIR 125: 15;  BLM 42: 11;
BLM 43: 19; and BLM 47: 17. Inset map is the State of
Montana with a box showing the location of the study area.



 127Jones et al: Plague vector gene flow

on the pPCP1 plasmid of Y. pestis17. PCR protocol and
gel electrophoresis procedures are described in Hanson et
al15. As with Hanson et al15,  a blank extraction used as a
negative control was included with each set of flea DNA
extractions. Negative extraction controls verified that the
extraction reagents were not contaminated with Y. pestis.
If the negative extraction controls yielded positive result
for Y. pestis, the entire flea DNA set extracted with that
negative extraction control was excluded from any plague
assay data analysis. A PCR-negative control consisting
of deionized water and a positive control consisting of an
avirulent Y. pestis strain (A1122 var. Orientalis, the
Centers for Disease Control and Prevention in Fort
Collins, Colorado) were used to control for false positive
and false negative results, respectively, for each PCR run
(Fig. 2).

Data analysis
CONVERT (ver. 1.2)18 was used to create input files.

MICRO-CHECKER (ver. 2.2.3)19 checked for allelic
dropout among the loci. Linkage disequilibrium and null
allele frequencies were calculated in GENEPOP (ver.
4.0.7)20, while Weir and Cockerham’s21 fixation (FST)
and inbreeding coefficients (FIS), the number of alleles
per locus, allelic richness (mean ± SE), and Nei’s22 gene
diversity indices were estimated using FSTAT (ver.
2.9.3)23. The means ± SE for FSTs were calculated by Jack-
knifing. Observed (HO) and expected (HE) heterozygosi-
ties, exact tests for Hardy-Weinberg Equilibrium (HWE),
and hierarchical Analysis of Molecular Variance
(AMOVA)24 were calculated using ARLEQUIN

(ver. 3.0)25. For the AMOVA, colonies were partitioned
into two areas (FBIR vs. BLM). P-value approximations
for FIS and FST were estimated with parameters consisting
of 100,000 dememorizations and 1,000,000 Markov chain
Monte Carlo (MCMC) steps. We delineated p < 0.01 for
our tests for deviations from HWE as described in Lauretto
et al26. We implemented BAYESASS+ (ver. 1.3)27 to es-
timate recent directional migration rates with 95% confi-
dence intervals among all nine colonies. This program uses
a Bayesian approach to estimate the likelihood of fleas
recently immigrating into each colony from each of the
other sampled colonies using multilocus genotypes27.
BAYESASS+ was implemented with 3,000,000 MCMC
iterations, a burn-in of 1,000,000 iterations, a sampling
frequency of 2,000 and a delta value of 0.15. Estimates of
historic effective number of migrants per generation (MPG)
between colonies were calculated using the private allele
method28 implemented in GENEPOP and hand calcula-
tions using FST values averaged across all colonies ac-
cording to Wright’s method29. These methods have gener-
ally proven equivalent in providing measures of the levels
of genetic differentiation among colonies30.

Yersinia pestis assay analysis
Following the nested-PCR assays, fleas were refer-

enced to their respective burrows to compute Y. pestis
prevalence per BTPD colony. Individual burrows were
designated positive when at least one flea tested positive
for Y. pestis. For each colony, Y. pestis prevalence was
estimated as the proportion of burrows containing O.
hirsuta positive for Y. pestis divided by the total number

Fig. 2: 1.5% agarose gel of a nested-PCR run showing flea DNA extract positive and negative for the
presence of Y. pestis together with positive control Y. pestis A1122 and negative controls (DNA
extraction reagents and deionized water)
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Table 1.  Genetic variability of Oropsylla hirsuta from nine black-tailed prairie dog colonies

LOCUS Black-tailed prairie dog colonies from which O. hirsuta were sampled

FBIR 97S FBIR 94 FBIR 95 FBIR 125 FBIR 126 FBIR 127 BLM 42 BLM 43 BLM 47

OH12 NA 2 5 2 4 4 2 4 3 4

HO 0 0.21 0.08 0.15 0.18 0 0.30 0.17 0.46

HE 0.15 0.75 0.08 0.50 0.57 0.36 0.36 0.41 0.43

FIS 1 0.72 – 0.70 0.69 1 0.18 0.60 –0.08

P-value (HWE) 0.04 0 1 0.002 0.002 0.11 0.11 0.01 0.05

OH13 NA 10 8 16 10 9 9 7 14 12

HO 0.18 0.55 0.36 0.27 0.29 0.43 0.71 0.46 0.45

HE 0.89 0.85 0.95 0.91 0.95 0.93 0.81 0.95 0.94

FIS 0.80 0.37 0.63 0.71 0.71 0.56 0.13 0.52 0.53

P-value (HWE) 0 0 0 0 0 0 0.07 0 0

OH84 NA 13 9 11 12 7 7 5 12 13

HO 0.75 0.57 0.79 0.86 0.54 0.25 0.64 0.71 0.33

HE 0.91 0.81 0.85 0.93 0.80 0.88 0.77 0.89 0.89

FIS 0.18 0.30 0.08 0.08 0.34 0.73 0.18 0.20 0.63

P-value (HWE) 0.03 0.03 0.68 0.25 0.02 0 0.48 0.004 0

OH158 NA 5 5 1 4 4 2 6 4 3

HO 0.71 0.21 – 0.30 0.50 0.25 0.55 0.17 0.12

HE 0.59 0.27 – 0.55 0.44 0.25 0.59 0.16 0.12

FIS –0.22 0.21 – 0.47 –0.14 – 0.08 –0.03 –0.02

P-value (HWE) 1 0.21 – 0.03 1 1 0.41 1 1

OH369 NA 6 6 6 7 5 6 6 6 6

HO 0.67 0.29 0.50 0.73 0.38 0.50 0.18 0.22 0.50

HE 0.79 0.84 0.80 0.85 0.81 0.78 0.76 0.77 0.73

FIS 0.16 0.67 0.39 0.14 0.55 0.38 0.77 0.72 0.32

P-value (HWE) 0.80 0 0.03 0.05 0.01 0.01 0 0 0.01

OH586 NA 3 6 9 7 4 4 4 4 3

HO 0.29 0.33 0.36 0.09 0 0 0 0.25 0

HE 0.47 0.76 0.71 0.80 0.60 0.86 0.86 0.44 0.39

FIS 0.41 0.58 0.50 0.89 1 1 1 0.45 1.00

P-value (HWE) 0.44 0.004 0.001 0 0 0.01 0.01 0.14 0.004

CGA4 NA 6 10 8 6 8 4 6 5 5

HO 0.56 0.42 0.85 0.33 0.33 0 0.29 0.60 0.80

HE 0.82 0.90 0.81 0.82 0.86 0.80 0.87 0.73 0.76

FIS 0.33 0.55 –0.04 0.61 0.63 1 0.69 0.19 –0.05

P-value (HWE) 0.17 0 0.004 0.002 0 0.003 0.01 0.01 0.003

CGA14 NA 5 6 5 7 6 3 3 7 9

HO 0.25 0.20 0.08 0.27 0.20 0.25 0.13 0.27 0.25

HE 0.81 0.76 0.64 0.77 0.84 0.61 0.49 0.81 0.86

FIS 0.70 0.75 0.88 0.66 0.77 0.63 0.76 0.67 0.72

P-value (HWE) 0 0 0 0 0 0.14 0.02 0 0

All loci NA 6 7 7 7 6 5 5 7 7

HO 0.43 0.35 0.43 0.38 0.30 0.21 0.35 0.36 0.36

HE 0.68 0.74 0.69 0.77 0.73 0.68 0.69 0.65 0.64

FIS 0.33 0.43 0.26 0.45 0.47 0.69 0.38 0.33 0.29

P-value (HWE) 0 0 0 0 0 0 0 0 0

NA= Number of alleles; HO = Observed heterozygosity; HE = Expected heterozygosity; FIS = Inbreeding coefficient; HWE = The probability of
rejecting Hardy-Weinberg equilibrium (significant p-values <0.01; Lauretto et al26).  Several HWEs were recorded up to three decimal places
when an integer was present.
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Table 2.  Means (95% confidence intervals) of the posterior distribution of the recent migration rates for Oropsylla hirsuta
derived from BAYESASS + across all black-tailed prairie dog colonies. Individuals migrating into colonies

listed in columns and those migrating from colonies in rows.  Bold values on the diagonal are
the proportions of derived (nonmigrants) O. hirsuta from their source colonies.

Colony FBIR 97S FBIR 94 FBIR 95 FBIR 126 FBIR 127 FBIR 125 BLM 42 BLM 43 BLM 47

FBIR 97S 0.69 0.01 0.01 0.01 0.009 0.01 0.009 0.01 0.23
(0.67-0.75) (0-0.06) (0-0.06) (0-0.07) (0-0.06) (0-0.05) (0-0.05) (0-0.06) (0.14-0.31)

FBIR 94 0.01 0.70 0.01 0.10 0.02 0.01 0.01 0.01 0.12
(0-0.05) (0.67-0.86) (0-0.05) (0-0.22) (0-0.13) (0-0.06) (0-0.06) (0-0.06) (0.04-0.21)

FBIR 95 0.009 0.008 0.69 0.01 0.01 0.009 0.009 0.009 0.24
(0-0.05) (0-0.05) (0.67-0.75) (0-0.07) (0-0.05) (0-0.06) (0-0.05) (0-0.05) (0.15-0.31)

FBIR 126 0.008 0.01 0.007 0.88 0.008 0.006 0.006 0.008 0.06
(0-0.05) (0-0.10) (0-0.05) (0.67-1.00) (0-0.05) (0-0.04) (0-0.05) (0-0.05) (0-0.23)

FBIR 127 0.02 0.02 0.01 0.05 0.74 0.02 0.02 0.02 0.10
(0-0.09) (0-0.09) (0-0.08) (0-0.17) (0.67-0.90) (0-0.08) (0-0.10) (0-0.10) (0.02-0.22)

FBIR 125 0.01 0.01 0.009 0.03 0.01 0.70 0.01 0.01 0.20
(0-0.06) (0-0.06) (0-0.05) (0-0.12) (0-0.09) (0.67-0.76) (0-0.07) (0-0.05) (0.10-0.30)

BLM 42 0.01 0.01 0.01 0.04 0.01 0.01 0.70 0.01 0.18
(0-0.06) (0-0.07) (0-0.07) (0-0.13) (0-0.07) (0-0.07) (0.67-0.79) (0-0.07) (0.08-0.29)

BLM 43 0.007 0.007 0.007 0.04 0.007 0.006 0.008 0.70 0.22
(0-0.04) (0-0.04) (0-0.04) (0-0.13) (0-0.04) (0-0.03) (0-0.05) (0.67-0.79) (0.12-0.31)

BLM 47 0.003 0.003 0.003 0.004 0.003 0.003 0.003 0.003 0.98
(0-0.03) (0-0.02) (0-0.02) (0-0.03) (0-0.02) (0-0.02) (0-0.02) (0-0.03) (0.91-1.00)

of burrows from which O. hirsuta were tested. To deter-
mine if any significant relationship between O. hirsuta
genetic structure per colony and the Y. pestis prevalence
existed, correlation analyses were conducted. The means
of Nei’s gene diversity and allelic richness were compared
to plague prevalence by individual colonies using Pearson
correlation coefficients. A test of significance (p = 0.05)
was performed using Bonferroni probabilities. The means
of the posterior probability distribution of migration rates
of the proportion of residents as inferred by BAYESASS+
(see diagonal values in Tables) were regressed against the
corresponding Y. pestis prevalence. The idea was that the
ratio of non-migrants represents the inverse of the number
of migrants into each respective colony. Our objective was
to test the assumption that colonies exposed to more im-
migrating fleas would have higher Y. pestis prevalence.
Colonies may display asymmetrical flea migration which
then may be proportional to the number of infected fleas
exhibited within the colonies. All correlation and regres-
sion analyses were conducted with MYSTAT™ software
(ver. 12.02.00; SYSTAT™).

RESULTS

Oropsylla hirsuta landscape genetics
A total of 129 O. hirsuta were used in the genetic

study. All eight loci used were unlinked and showed no
indications of allelic dropout. One colony was monomor-
phic for one locus (F95: locus OH158); otherwise, all loci
were polymorphic among the nine colonies (Table 1). Es-
timated frequencies of null alleles were from 0–0.55. Sig-
nificant heterozygote deficiencies from HWE were ob-
served in 34 of 71 tests (47.9%). Inbreeding coefficients
were high (mean FIS = 0.52 ± 0.07, Fig. 1), while FST

estimates showed a consistent pattern of low genetic het-
erogeneity across all loci (mean FST = 0.04 ± 0.01). This
finding was supported by the hierarchical AMOVA which
showed 92.8% of the variation in allele frequencies was
within the colonies and 5.7% variation was among the
colonies between both regions (FBIR and BLM).

Patterns of recent gene flow were asymmetrical (Table
2). Out of 72 pairwise comparisons (excluding residents),
58 had high migration rates (>0.05 ± SE). Historical gene
flow (NM) based on Slatkin’s method was 1.15 MPG. Mean
NM estimate from FST values was 8.13 MPG. Lastly, al-
lelic richness for all colonies ranged from 3.80–4.55 with
gene diversity varying from 0.62–0.79 (Table 3).

Yersinia pestis prevalence
 Yersinia pestis prevalence ranged from 0 (colonies

FBIR 94 and 125) to 44.4% (colony BLM 42) with a
mean ± SE of 12.06 ± 4.57% (Table 3). Results from the
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correlation analysis between the genetic structure of O.
hirsuta samples and Y. pestis prevalence indicated that
gene diversity (p = 0.13) and allelic richness (p = 0.62)
were not correlated with the number of Y. pestis positive
burrows on a per-colony basis. Regression analysis be-
tween the mean proportion of inferred residents from
BAYESASS+ and Y. pestis prevalence by colony was non-
significant (r2 = 0.02, p = 0.76).

DISCUSSION

We estimated genetic variability and gene flow among
O. hirsuta on nine BTPD colonies at the onset of a wide-
spread plague outbreak. We also investigated whether O.
hirsuta landscape genetic structure influenced Y. pestis
prevalence within the study colonies. We found that low
levels of genetic differentiation among fleas on BTPD
colonies were consistent with studies of other ectopara-
sitic vectors of infectious zoonotic diseases12. Addition-
ally, high gene flow estimates and little genetic differen-
tiation among fleas from different colonies suggest that
fleas readily move between neighboring colonies4. The lack
of correlation between per-colony Y. pestis prevalence and
O. hirsuta genetic variability is consistent with a scenario
of readily dispersing fleas4. At this spatial scale, move-
ments of hosts other than BTPDs were likely providing
dispersal opportunities for these vectors allowing the po-
tential for fleas to move between colonies4. Gene flow es-
timates and results from AMOVA and BAYESASS+
(64.2% of the pairwise estimates had > 5% immigration
[95% CI] into colonies) suggest that O. hirsuta were mov-
ing between colonies, but high inbreeding estimates (FIS)
indicated the possibility that intra-colony gene flow might
have been somewhat restricted. These results were con-
sistent with several studies which investigated vector ge-

netic variability5, 12,13, 16, 31-34  that found vectors like O.
hirsuta are highly polymorphic across all loci and popu-
lations.

 These results have strong implications for our under-
standing of how Y. pestis disperses across the prairie land-
scape. Consistent with our results, Tripp et al35 found an
increase in the number of fleas on BTPD colonies and an
increase in the number of Y. pestis-infected fleas on indi-
vidual prairie dogs during outbreaks in north-central Colo-
rado. Oropsylla hirsuta was the most common flea on
these colonies35. These findings suggest that flea vagility
and/or fecundity may increase just prior to, or during, epi-
zootics. We have no data on flea fecundity from the study
colonies, but if increased flea vagility drives the increase
in flea abundance, we would expect the high gene flow
and genetic variability estimates indicative of flea dispersal
that we observed in our study colonies. Additionally, if
flea vagility increases during plague epizootics, we ex-
pect to find a positive correlation between flea gene flow
and Y. pestis prevalence. In order to test this hypothesis,
we estimated the correlation between the percent of Y.
pestis-positive burrows and the genetic structure of O.
hirsuta on a per-colony basis. Significant positive corre-
lations would suggest that increased flea vagility influ-
ences the spread of Y. pestis among BTPD colonies. We
found that 12% of burrows (range 0–44.4%) harboring
infected O. hirsuta before the epizootic became apparent
on individual colonies and that the landscape genetic vari-
ability and structure of O. hirsuta were not correlated with
Y. pestis prevalence. The enzootic nature of Y. pestis on
these colonies15 and the high vagility of O. hirsuta4 may
have swamped out our ability to detect this hypothesized
correlation.

Mollison and Levin36 described circumstances under
which diseases like sylvatic plague could be maintained in
a colony. Plague outbreaks would persist on colonies, if:
(i) a number of ‘infected’ vectors (in this case, fleas) dis-
persed to the colonies; (ii) those infected fleas were main-
tained on the colony until a ‘threshold’ number was
reached; and (iii) not all of the hosts (i.e. BTPDs, bad-
gers, coyotes, etc.) succumbed to plague36. Thus, prairie
dog colonies could maintain low levels of infected fleas as
‘reservoirs’ without an epizootic transpiring. This would
allow infected fleas to be dispersed during enzootic phases
between plague outbreaks. Hanson et al15 further supported
this hypothesis finding no apparent epizootic even with up
to 20% of sampled fleas Y. pestis-positive. Our study
showed colonies succumbing to the plague outbreak near
colonies showing no signs of a pending outbreak. How-
ever, by the following season, all the colonies were extir-
pated, which appeared to follow the pattern suggested by

Table 3.  Mean (S.E.) Yersinia pestis prevalence, allelic richness,
and gene diversity per colony. Standard errors are included with

the gene diversity and allelic richness for O. hirsuta from the
black-tailed prairie dog colonies.  The mean ± (SE) of

Y. pestis prevalence = 12.06 ± 4.57%

Colony Prevalence (%) Allelic richness Gene diversity

FBIR 97S 11.8 4.03 (0.53) 0.69 (0.09)
FBIR 94 0 4.30 (0.38) 0.76 (0.07)
FBIR 95 20 3.94 (0.69) 0.62 (0.13)
FBIR 126 7.1 4.55 (0.43) 0.79 (0.06)
FBIR 127 11.1 4.29 (0.44) 0.76 (0.07)
FBIR 125 0 3.84 (0.53) 0.74 (0.10)
BLM 42 44.4 3.80 (0.35) 0.72 (0.08)
BLM 43 3.4 3.92 (0.61) 0.66 (0.10)
BLM 47 10.7 3.94 (0.63) 0.65 (0.11)
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Mollison and Levin36. The genetic structure of O. hirsuta
from our nine colonies supports the findings of Mollison
and Levin36 in that fleas readily dispersed among colonies
potentially spreading Y. pestis to unaffected BTPD colo-
nies before a widespread epizootic was initiated.

In summary, our study demonstrated that O. hirsuta
were able to disperse between BTPD colonies potentially
spreading Y. pestis throughout the prairie ecosystem. This
suggests that once they are started, epizootics are likely to
become widespread as fleas move readily among BTPD
colonies.
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