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Abstract

Host species heterogeneity can drive parasite dynamics through variation in
host competency as well as host abundance. We explored how elk (Cervus
canadensis) with apparent subclinical infestations of winter tick (Dermacentor
albipictus) may be a cryptic reservoir and drive winter tick dynamics,
impacting moose (Alces alces) populations. We found that winter tick infesta-
tion loads did not vary remarkably between both host species and winter ticks
sourced from elk and moose produced similar numbers of larvae which acti-
vated within 5 days of each other. We also found similar larval densities in
habitats predominately used by elk, moose, and both host species. Our analysis
of 2793 informative single-nucleotide polymorphisms showed genetic differen-
tiation among tick populations that were only ~75 km apart, but fewer differ-
ences among ticks from elk or moose in the same locality, suggesting sharing
of winter ticks across host species. Despite the clinical signs of high winter tick
infestations being most apparent on moose, elk may be critical drivers of win-
ter tick population dynamics and indirectly compete with moose in areas
where they outnumber moose populations, a common characteristic of
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INTRODUCTION

Parasites can impact host population dynamics by
directly influencing survival or reproduction and indi-
rectly by altering host community structure via parasite
sharing (Gibb et al., 2020; Gottdenker et al., 2014;
Hudson & Greenman, 1998; Ostfeld et al., 2006; Ostfeld
& Keesing, 2020). Parasite sharing can have stabilizing or
destabilizing effects on host communities depending on
variability in host competency, abundance, susceptibility
to disease, and niche overlap between host species
(Cronin et al., 2010; Downs et al., 2019; Gilbert et al.,
2001; LoGiudice et al.,, 2003; Marm Kilpatrick et al.,
2006). Parasite-mediated apparent competition, whereby
one host species indirectly reduces the fitness of another
host by sharing a common parasite, could lead to the
decline of vulnerable host populations. Theoretically,
declines can occur when a highly competent host is capa-
ble of supporting large broods of a parasite while also
being less susceptible to the negative health outcomes of
infestation. Conversely, if susceptibility is similar across
host species for a given parasite, sharing may reduce domi-
nant host populations and lead to overall stabilizing host
population dynamics (Gilbert et al., 2001). Though several
studies have examined pathogen dynamics associated with
host competency, few have empirically investigated the
extent to which a less competent but highly abundant host
serves as a cryptic reservoir driving parasite dynamics
(Buhnerkempe et al., 2015; Downs et al., 2019; Gilbert
et al., 2001; Grosholz, 1992; Levine et al., 2016).

We refer to cryptic reservoirs as host species with
mostly invisible parasite infestations such that typical dis-
ease surveillance strategies miss infestations, yet individ-
ual hosts may still be infested at rates high enough to
influence overall parasite population dynamics (Aliee
et al., 2021). With increasing land-use change, competent
hosts associated with anthropogenic activities may domi-
nate disturbed landscapes and indirectly compete with
rarer species through shared pathogens and parasites
even if they do not directly interact via predation or
compete for common resources (Gibb et al., 2020). The
competency of a certain host for a given parasite is
often described as binary, the host being either

ungulate communities in western North America. Management interventions
aimed at addressing winter tick issues on moose may wish to consider the

movement patterns and abundance of cryptic reservoirs like elk.

Alces alces, apparent competition, Cervus canadensis, Dermacentor albipictus, elk,
Greater Yellowstone Ecosystem, host competency, moose, parasite sharing, winter tick

“competent/noncompetent,” but competency exists on
a spectrum. Competency is often unique to a host-
parasite community and can be measured using observa-
tions on parasite-host interactions, like host-associated
parasite reproductive output or phenology (Cronin
et al., 2010; Wojdak et al., 2014). In this study, we exam-
ine evidence that elk (Cervus canadensis) may be highly
competent for a multi-host parasite, the winter tick
(Dermacentor albipictus), and potentially serve as a cryp-
tic reservoir affecting moose (Alces alces).

The winter tick is an Ixodidae tick species that can
complete its lifecycle by parasitizing a single host (i.e., a
one-host tick) and is commonly cited for its relationship
with moose (Chenery et al., 2023). One-host ticks, like
the winter tick, can have a wide host species range
(Chenery et al., 2023) despite the possibility of host spe-
cialization given they complete their lifecycle on a single
host. Winter ticks are most commonly cited in the litera-
ture as contributors to declines in moose populations
during epizootic years when tick infestation loads are
exceedingly high. Though the specific drivers of winter
tick epizootics are debated across their range, several
studies have found correlations between early spring snow
melt, mild summers, and late snow fall in autumn and tick
loads or hair loss on moose during the following on-host
seasons (DeCesare et al., 2024; Dunfey-Ball, 2017; Pouchet
et al., 2024; Rosenblatt et al., 2021; Ruprecht et al., 2020).
Milder winter conditions are expected across much of
moose range in North America under anthropogenic cli-
mate change, increasing the risk environmentally trans-
mitted parasites like winter ticks pose to moose in the
future (Kutz et al., 2009). Moose can accumulate large
numbers of winter ticks during epizootic years, exceeding
30,000 ticks per animal, resulting in hair loss (often
described as “ghost” moose), anemia due to blood loss,
and sometimes death, especially in calves (Jones
et al., 2017, 2019; McLaughlin & Addison, 1986). Winter
tick epizootics have been documented with increasing
frequency in the southern periphery of moose range in
North America, reducing calf survival, cow pregnancy
rates, and ultimately leading to population declines or
dampening recoveries (DeCesare et al., 2024; Jones
et al., 2017; Murray et al., 2006; Nadeau et al., 2017;
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Ruprecht et al., 2020; Samuel, 1989; Timmerman &
Rodgers, 2017; Wunschmann et al., 2015). While many
other ungulate species such as elk, white-tailed deer
(Odocoileus virginianus), and caribou (Rangifer tarandus)
are also known to be infested by winter ticks, widespread
population declines associated with winter tick epizootics
have yet to be observed in these species though clinical
signs from high infestations and some incidental deaths
have been reported (Bondo et al., 2019; Calvente
et al, 2020; Machtinger et al., 2021; Normandeau
et al., 2022). One hypothesis for observed differences in
winter tick infestation rates and susceptibility between
moose and other ungulate species is that moose are
“stimulus” groomers which attempt to remove ticks
when they begin to irritate the host as adult ticks engorge
in the spring versus “programmed” groomers like elk
which may periodically groom throughout the year, thus
decreasing tick burden throughout the winter season
(Mooring & Samuel, 1998, 1999; Normandeau et al.,
2022; Welch et al., 1991). These differences in
grooming behaviors could partially explain why health
complications from high winter tick infestations, like
early hair loss and anemia, are primarily reported in
moose versus other ungulate hosts. However, in
regions where winter ticks, moose, and other ungulate
species are present, moose are often dramatically
outnumbered. If ungulates like elk are infested at
lower rates than moose, they may still contribute to
overall winter tick population dynamics on the land-
scape through their comparatively higher abundances
versus moose. Few studies have explicitly considered
non-moose ungulate hosts as potential drivers of win-
ter tick dynamics on the landscape (DeCesare
et al., 2024; Drew & Samuel, 1985; Welch et al., 1991).
Winter tick life cycles and activation timing vary
across its wide range from northern Canada to southern
Mexico (Chenery et al., 2023; Glines, 1983). In the north-
ern portion of winter tick range (Northern United States
to northern Canada) where they overlap with moose,
winter tick larvae become active and seek out a host dur-
ing the fall (early or mid-September until snow impedes
attachment or larvae deplete energy reserves). Upon
attaching to a host, larvae engorge on the host animal
and molt into nymphs, remaining on host throughout
winter (Figure 1). Nymphs engorge and molt into adults
between January and February, with adult female ticks
feeding in early spring from March through May. Fed
adult female ticks then drop off their host and move on
average <1 m from their drop-off site to a location where
they can deposit their eggs. Eggs hatch during the spring
or early summer (May-June) and clutches of larvae
remain dormant throughout the summer until questing
season begins in the fall. Sharing of ticks among ungulate

species and movement of ticks across the landscape is
most likely to occur during the fall and spring, corres-
ponding with larvae questing and adult female drop off
seasons respectively (Figure 1). These seasons can
broadly align with ungulate migration timing in western
North America which creates ample opportunity for hab-
itat overlap between host species.

The Jackson region of the Greater Yellowstone
Ecosystem (GYE), encompassing Grand Teton National
Park, Bridger-Teton National Forest, the National Elk
Refuge (NER), and the urban areas surrounding Jackson,
Wyoming, supports a large elk herd, varying between
9500 and 11,500 individuals over the past decade
(Wyoming Game and Fish Department, 2021). In com-
parison, the moose population in this same area and time
period has fluctuated between 250 and 350 individuals.
Elk concentrations on winter ranges peak from
December to March, especially on the NER where elk
have been given supplemental feed since the early 1900s
(Appendix S1: Figure S2) (Dean et al., 2004). In late
March-May, elk migrate from the NER and other low
elevation winter habitats across the Jackson region,
allowing adult female winter ticks from elk to be depos-
ited into a wide range of habitats, including those used
by moose (Figure 2).

Considering the relative abundance of elk populations
within moose range in western North America and their
potential spatial overlap with moose during migration
and winter tick transmission seasons, elk may serve as a
cryptic reservoir for winter ticks, resulting in negative
impacts on moose also known as parasite-mediated
apparent competition. The degree to which winter ticks
from elk represent an exposure risk to moose depends on
the overlap of moose and elk habitats during transmis-
sion seasons as well as the level of competency elk exhibit
toward winter ticks versus moose and the degree of spe-
cialization winter tick subpopulations may exhibit toward
either host. We examined several aspects of elk and
moose relationships with winter ticks to explore the
possibility of parasite sharing and apparent competi-
tion in the Jackson region. We hypothesized that
although moose are highly competent winter tick
hosts, the higher abundance of elk despite their weaker
per capita competency for winter ticks would cause
equal net contributions to overall tick abundance
between elk and moose. First, because host compe-
tency may affect parasite phenology and reproduction,
we evaluated the reproduction rates and activation
timing of winter ticks that were collected from moose
and elk. Second, we collected data on winter tick densi-
ties on moose and elk to determine relative tick bur-
dens across host species. Third, we estimated the
abundance of questing winter ticks in the fall in
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FIGURE 1 Conceptual diagram displaying the overlap of major portions of elk and moose seasonal activities and the winter tick

(Dermacentor albipictus) life cycle with temporal alignment of studies employed in this project. Top panel depicts classical elk

(Cervus canadensis) and moose (Alces alces) seasonal movements from lower elevation areas (~2000 m) like the National Elk Refuge during
winter months to higher elevation areas (2200-2400 m) like the Yellowstone Plateau in summer months. The next panel depicts the general
timing of the winter tick life cycle with the following sections depicting elk and moose migration timing and alignment with the three

studies described in this manuscript. Graphic credit: Tory Kirkeby.

habitats that are predominantly used by moose, elk, or
both hosts in the preceding spring as determined with
GPS collar data. Finally, because specialization may
involve evolutionary adaptation in favor of a specific
host, we used genome-wide single-nucleotide polymor-
phisms (SNPs) to assess the level of genetic structuring
in winter ticks across different spatial locations com-
pared with the structuring across host species.

MATERIALS AND METHODS
Study area

Our study took place in northwestern Wyoming, south of
Yellowstone National Park and within the boundaries of
Grand Teton National Park, Bridger-Teton National
Forest, NER, and the areas surrounding Jackson, USA
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FIGURE 2 Map depicting generalized locations of elk and moose winter tick survey locations in Jackson Hole, Wyoming. Symbols

with colors denote different experiment sites. Pink polygons represent smoothed autocorrelated kernel density estimates (AKDEs) of 2022
elk spring ranges using n = 66 collar datasets while blue polygons represent spring AKDEs from n = 12 moose collar datasets (2022) and
n = 22 historical moose collar datasets (2006). Graphic credit: Emma Tomaszewski, U.S. Geological Survey.

(Figure 2). Vegetation at lower elevations is dominated
by sagebrush (Artemisia spp.) communities with willow
(Salex spp.) and cottonwood (Populus angustifolia) galler-
ies in riparian areas. Mixed conifer and aspen forests

dominate at mid-elevations including lodgepole pine
(Pinus contorta), Douglas fir (Pseudotsuga menziesii), and
aspen (Populus tremuloides). Spruce (Picea engelmannii)
and subalpine fir (Abies lasiocarpa) are common at
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mid-high elevations. Many moose and elk in this ecosys-
tem are migratory, spending the winter at low elevations
and migrating to higher elevations in the summer.
However, some moose are resident, living year-round
near human development on private lands. Likewise, the
elk population is shifting to more short-distance migrants
and residents over time (Cole et al., 2015).

Winter tick reproduction surveys
(Dataset 1)

The reproductive output of ticks that feed on moose and
elk can serve as a measure of their overall competency as
winter tick hosts. We recovered fed adult female winter
ticks from moose (n = 50 ticks, n = 34 moose sites) and
elk (n = 48 ticks, n =29 elk sites) at bedding and nec-
ropsy sites from April to May 2022. Fed adult female ticks
were weighed and deployed in reproduction monitoring
stations (one tick per station) in the Blackrock and
Jackson districts of Bridger-Teton National Forest, the
NER, and along the banks of the Snake River. Each sta-
tion consisted of a circular enclosure of wire mesh with a
50-cm radius and organdy mesh along the first 10 cm of
fencing above ground or snow level to prevent ticks from
escaping. Monitoring stations were stratified across open
and closed habitats and along an elevational gradient
(Appendix S1: Figure S3). After deployment, we moni-
tored stations weekly for survival and oviposition
(i-e., egg laying) until the end of May by which time all
adult ticks were presumed dead or were confirmed or
suspected to have oviposited underneath the available
leaf litter layer. We returned to monitoring stations in
mid-September 2022 and conducted weekly surveys to
identify larval activity timing and abundance by visually
inspecting vegetation for questing larvae within the
enclosure, then dragging a 1-m” flannel cloth across vege-
tation for quantification.

Winter tick on-host infestation load
surveys (Dataset 2)

One sign of host competency, infestation burden, can be
measured in the winter tick system via on-host surveys.
We surveyed individual adult moose (n = 19 live, n = 11
dead) and elk (n = 12 live, n = 22 dead) hides for winter
ticks in the Jackson region from 2020 to 2023 during the
months of January-March using the line transect method
developed by Sine et al. (2009). This sampling window
was chosen to occur after questing larvae (first life stage)
have attached to a host, but before fed adult female ticks
drop off their host in spring. Briefly, line transects were

surveyed by recording winter tick numbers and life stages
along four parallel 10-cm hide transects along the with-
ers, shoulders, and rump of both sides of the animal if
available. Samples of winter ticks were collected from
each animal and stored in 75% EtOH to be identified via
dichotomous key (Brinton et al., 1965). Live moose and
elk tick surveys were opportunistically undertaken along-
side existing Wyoming Game and Fish Department
(WGFD) collaring initiatives or health sampling and
recently deceased animals were surveyed within an esti-
mated 6 h of death, the time after which winter ticks
have been observed detaching from deceased hosts
(Drew & Samuel, 1985). Moose and elk that were sam-
pled for ticks were in the southern portion of the study
area (Figure 2).

Larval winter tick drag surveys in
host-associated habitats (Dataset 3)

We acquired GPS collar information for elk (n = 66) and
moose (n=12) in the Jackson region and used an
autocorrelated kernel density estimation (AKDE) method
to construct spring (April-May) 2022 utilization distribu-
tions then stratified a total of 200 transects of 250 m in
length tick drag transects in habitats likely dominated by
elk, moose, and both species (Silva et al., 2022).
Designations for transect locations as “elk,” “moose,” or
“elk and moose” were based primarily on the AKDEs of
collared animals in 2022 (Figure 2). Telemetry data from
22 collared moose in the spring of 2006 were also used to
approximate winter tick drop-off locations in the north-
ern region of our study area (Becker, 2011). Tick drags
were conducted at least twice between September 20 and
November 12, 2022. We surveyed a transect by dragging a
1-m* flannel cloth across the prescribed area and
checking for any attached larvae approximately every
10 paces. If larvae were found, they were extracted from
the drag cloth using a lint roller and placed into a plastic
bag for quantification. We then dragged the flannel cloth
across nearby vegetation in a spiral pattern up to 10 m
away from the original detection event to ensure any
nearby larvae were also collected. After completing a spi-
ral drag, we would continue along the original 250-m
transect. Transects were not sampled on days where
heavy rain or winds exceeding 32 km/h were expected.

Genome-wide SNPs

We collected winter ticks from live (ground darting and
corral trap capture events) and dead (road-killed and nec-
ropsies) moose and elk from 2020 to 2023 to compare
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genetic structuring within winter tick populations based
on sampling location versus host association. Ticks were
collected from 40 elk and 27 moose from areas around
Jackson, Wyoming, and 12 elk and 7 moose from areas
near Pinedale, Wyoming. Winter ticks (n = 16) were also
sourced from Idaho and Maine to serve as genetic
outgroups for comparison with northwestern Wyoming
ticks (Appendix S1: Section S1). Although at least five
ticks were collected from each animal sampled, only a
single tick sample (one tick if adults or nymphs or
10 larvae) was submitted for sequencing to avoid
sampling-related ticks from the same clutch.

Tick samples (n = 102) were sent to Diversity Arrays
Technology Pty Ltd. (DArT), Canberra, Australia, for
DNA extraction and DArTseq sequencing. Briefly,
DArTseq can be used for genome-wide diversity studies
where no reference genome exists as is the case for
D. albipictus. Samples were digested with restriction
enzymes PstI and Sphl and sequenced on an Illumina
HiSeq 2500. SNPs were filtered and reported using pro-
prietary DArT software.

SNPs were further filtered in RStudio (RStudio Team,
2023) using the package dartR (Gruber et al., 2018). A
total of 88,506 individual SNPs were identified and were
filtered according to the following quality control criteria:
(1) more than one SNP found per locus (minor allele
removed), (2) the SNP locus has more than 10% missing
data, (3) individuals have more than 10% missing data,
and (4) minimum allele frequency (MAF) was lower than
0.05 (Ferrante et al., 2022; Georges et al., 2018).

Statistical analyses

We analyzed the three presented datasets using three
models, each investigating variable impacts on
three responses: larvae production, on-host infestation
load, and tick drag larval abundance. We used general-
ized linear and mixed-effects models (GLM and GLMMs)
to analyze the effect of host species associations on
dependent variables while accounting for other variables
known to affect winter tick abundances (Appendix S1:
Table S1) (Bergeron & Pekins, 2014; Chenery et al.,
2020). Total larval abundance per reproduction monitor-
ing station was regressed against host species of origin
(elk or moose), mothers’ mass, canopy cover (open or
closed), elevation (in meters), and site (NER,
Bridger-Teton National Forest, Snake River bank) as a
random effect with intercepts varying across sites.
Infestation density (in tick counts per surveyed unit in
square centimeter) as determined by on-host hide tran-
sects was regressed against host species (elk or moose)
and host status (alive or dead) nested within sampling

year (2020:2023). Larval abundance per tick drag tran-
sect was regressed against likely dominant host species
in spring (elk, moose, or both) and site as a random
effect which allowed intercepts to vary across sites. We
also used a GLM to investigate the effect of host associ-
ation (elk or moose) on tick mass (scaled, in milligrams)
using a GLM with a lognormal distribution. The tick drag
abundance and on-host transect count models were fit with
a negative binomial distribution while the reproduction
model was fit with a quasi-Poisson distribution using
the Ime4, MASS, and glmer packages due to over-
dispersion in the data (Bates et al., 2009; Faraway, 2016;
Ripley et al., 2013).

We visually assessed population genetic structuring in
the filtered SNP dataset using a principal coordinates
analysis (PCA) in the package adegenet (Jombart, 2008).
We also estimated population genetic structure using the
LEA package to identify the number of ancestral
populations (Frichot & Francois, 2015). LEA can be used
to estimate admixture coefficients assuming K ancestral
populations using latent factor mixed modeling tech-
nique. Optimal K was estimated using locus-specific
p and z scores for K ranging from 1 to 10 clusters. We cal-
culated the fixation index (Fgy) values between popul-
ations using the StAMPP package with 999 bootstrap
replicates (Pembleton et al., 2013). The fixation index is a
coefficient of inbreeding that measures genetic differenti-
ation among subpopulations with values ranging from
0 to 1, with zero indicating complete panmixia of two
groups (no genetic distinction, groups are interbreeding)
and 1 indicating groups do not share any genetic
diversity.

RESULTS

While winter ticks that fed on elk produced on average
fewer larvae (elk: mean = 241, median = 50, 95% CI =
158-323) than those fed on moose (moose: mean = 309,
median = 97, 95% CI = 214-405), this difference was not
significant given the variability observed (p = 0.310,
SE = 0.255, t=1.217, p =0.227, df =97) (Figure 3a,
Appendix S1: Tables S1 and S2). Larvae from both hosts
began questing between September 26 and September
29, 2022. We also looked at evidence for an effect of host
association on tick mass and found none (f = 0.046,
SE = 0.068, z = 0.677, p = 0.499, df = 97). We observed no
clear differences between infestation loads on moose
(mean = 66, median =44, 95% CI=44-87) and elk
(mean = 66, median = 65, 95% CI = 53-79) with a small
expected increase of 0.064 in log expected counts of winter
ticks on moose compared with elk (p = 0.064, SE = 0.191,
z=0.335, p=0.738, df = 63) (Figure 3b, Appendix S1:
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FIGURE 3 Differences in (a) larvae production of winter ticks (Dermacentor albipictus) from elk (Cervus canadensis) and moose
(Alces alces). (b) Total tick counts on elk and moose using the Sine et al. (2009) transect method. (c) Questing larval winter tick abundance at
sites predominately used by elk, moose, or both species during the spring drop-off period. Responses are presented on the log scale for easier

visualization. (d) Photograph taken in May 2022 of an adult cow moose in Jackson, Wyoming, displaying hair loss along the withers and

shoulders. Photograph taken by Troy Koser. (e) Photograph of an adult cow elk taken during the spring season in Jackson, Wyoming.

Photo credit: Zach Andres.

Tables S1 and S2). We found variability in the average
abundance of winter tick larvae found in spring habitats
dominated by elk (mean =101, 95% CI = 22-180),
moose (mean = 50, 95% CI = 15-85), or both species
(mean = 320, 95% CI = 0-836) but no statistical differ-
ences in the expected log counts of winter ticks between
these groups (p=—1.761:0.001, SE = 1.314:1.285,

zZ~0.001, p> 0.1, df =199) (Figure 3c; Appendix S1:
Tables S1 and S2).

Genetic analyses using DArTseq identified 88,506
SNPs from 88 winter tick samples from elk and moose
hosts. Our filtering criterion yielded 2793 informative
SNPs from 65 winter tick samples (Jackson: n = 51,
Pinedale: n =14). The PCA explained 6.5% of the

d ‘1 $TOT *ST680S1T

:sdny woxy

:sdNy) SUONIPUOY) PuE SWLD L, dY) 33S [ST0Z/80/9T] U0 Areiqr autjuQ A1 “AIeIqUT ANSIOAIUN 1eIS BUBIUO AQ 6T10L TSI/T001"01/10p/w0d" Kafim A:

"KM

QSUAOIT SUOWIO)) dATEaI)) d[qearjdde oYy £q pauIdA0S d1e SI[INIE YV SN JO SI[NI J0J AIIqIT dUI[UQ AS[IA UO (SUOT



ECOSPHERE

| 9 of 14

observed genetic variation in SNPs, with two overlapping
groups: Jackson versus Pinedale winter ticks (Figure 4a).
Individual ticks appeared to cluster together in the PCA
based on location (Jackson and Pinedale) as opposed to
host species (elk and moose). The genetic structuring
across geographic locations was nearly 10 times stronger
than any observed structuring between host species
within a region (Fsr between hosts: 0.0013, df = 1/64,
Fsr between sampling locations: 0.0238, df = 1/64).
Cross-entropy criterion calculations supported K =3

clusters with population structure analyses representing
two populations as Jackson and Pinedale (Figures 4b and 5;
Appendix S1: Figure S4).

DISCUSSION

We found that winter tick host competency metrics were
similar between elk and moose. Given the abundance of
elk relative to moose in the Western United States, elk

a)
5.0 .
) = \) Location
— ' : Jackson
< o5 , /| * Pinedale
. {
- ((++ /
L) / + °, ) Population
~ ‘
O i /+  ® Jackson Elk
o / +o  / ¢ Jackson Moose
0.0 f y o Pinedale Elk
( +/ + Pinedale Moose
g \\
-2.5
-6 -3 0 3
PC1 (3.4%)
b) Jackson Elk Jackson Moose PD Elk PD Moose

Ancestry Proportions

0.00-

N b T L
0.75 - |

0.50 -

0.25-

X

I
w

Individuals

FIGURE 4 (a) Principal coordinates analysis (PCA) results using genomic single nucleotide polymorphisms from winter tick

(Dermacentor albipictus) extracted from elk (Cervus canadensis) and moose (Alces alces) in Jackson and Pinedale, Wyoming. (b) Results of

the ancestry proportions analysis using the LEA package. Support was found for K = 3 clusters (Appendix S1: Figure S4).
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Credit: USGS

Cluster

. v1 Grand Teton National Park
v2 Bridger-Teton National Forest
v3 National Elk Refuge

FIGURE 5 Map of northwestern Wyoming with pie charts representing aggregate ancestry proportions (see Figure 4a) for winter ticks

(Dermacentor albipictus) from elk (Cervus canadensis) and moose (Alces alces) sampled near Jackson and Pinedale, Wyoming, with colors

and proportions representing averaged results from LEA estimated ancestry probability proportions. Graphic credit: Emma Tomaszewski,

U.S. Geological Survey.

are likely to play an important role in winter tick popula-
tion dynamics in this region. Elk had similar infestation
rates and supported similar tick reproduction rates as
moose, even though moose have received disproportion-
ate research attention on this issue (Figure 3a,b). We also
found similar larval abundance and activation timing
when we examined habitats used predominately by elk,
moose, and both species during winter tick drop-off
periods (Figure 3c). Furthermore, we found greater popu-
lation structuring based on sampling location within the
Jackson region as opposed to structuring based on host
association (Figure 5), implying gene flow between win-
ter ticks from differing hosts and supporting our hypothe-
sis that winter ticks mix between hosts. Together, these
results suggest that elk and moose share similar compe-
tency as winter tick hosts and implicates elk abundance
and movement patterns as potentially critical drivers of
winter tick dynamics in the Jackson region.

Our results differ from previous work on winter tick
reproduction rates that demonstrated higher survival
rates and faster engorgement rates when fed on moose
compared with mule deer, elk, and white-tailed deer
(Drew, 1984; Welch et al., 1991). These studies nicely
control for differences in tick exposure, but our field data
suggest that winter tick encounter rates may differ
between moose and elk such that infestation loads appear
similar between the two host species. In addition, other
work suggests a coupling of tick and moose populations,
implying that moose may be an especially competent
host and disproportionately drive winter tick populations
(Welch et al., 1991). However, the degree of affinity
between winter tick and moose populations may differ
across regions in North America since the availability of
different competent host species varies. Specifically, the
higher abundances and densities of moose in the
Northeastern United States and parts of Canada may
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result in a tighter relationship between winter tick and
moose compared with systems in the Western United
States with lower moose densities and relatively higher
elk or mule deer populations. In addition, the winter
tick’s broad distribution and wide host range may have
led to unique population-specific attributes, which could
explain why different regions in North America could see
variations in parasite-host competency metrics.

Future studies could explore additional measure-
ments of host competency by comparing elk and moose
immune responses to infestation as well as differences
between moose subspecies immunological profiles, which
may illuminate some reasons why moose in the Western
United States seem to be infested at lower rates than
Midwest and Northeastern moose but still experience
negative health outcomes, albeit at much lower popula-
tion proportions (Debow et al., 2021; DeCesare et al.,
2024; Dunfey-Ball, 2017; Jones et al., 2017; Ruprecht
et al., 2020). While we did examine several aspects of
winter tick biology in relation to host association, we do
not have data on the rates at which ticks from one host
attach to another within a transmission season. We also
lack comprehensive winter tick datasets on other com-
mon ungulate hosts, such as mule deer (Odocoileus
hemionus) and pronghorn (Antilocapra americana),
which may play important roles in moving winter ticks
between moose and elk habitats. Given the data
presented here, we would hypothesize that winter ticks
on other ungulate hosts are likely similarly structured
spatially, but not by host species.

If winter ticks in the diverse ungulate community of
the Jackson region infest a wide range of similarly com-
petent hosts, then the population levels and movement
patterns of a more-abundant host like elk may indirectly
impact moose populations via apparent competition.
Moose population declines have been reported across the
Western United States, but causes are still unclear
(Nadeau et al., 2017). Research on the major drivers of
western moose population decline and dampening recov-
ery rates is still needed, but our results suggest that
parasite-mediated apparent competition from much
larger non-moose ungulate populations may be a contrib-
uting factor. We expect parasite-mediated competitive
interactions may increase in the future as long-distance
elk migrations decline and more elk become residents or
short-distance migrants, potentially creating more over-
lap between elk and moose during key times of parasite
lifecycles (Cole et al., 2015). Additionally, warmer and
drier spring and fall seasons may lengthen parasite trans-
mission seasons, therefore increasing the window of
opportunity for migrating ungulates to disperse parasites
like winter ticks across shared ranges (Pouchet
et al., 2024; Weiskopf et al., 2020). These same conditions

could also increase abundances the winter tick and affect
the life cycles of other moose parasites like the meningeal
worm (Parelaphostrongylus tenuis) and arterial worm
(Elaeophora schneideri) (DeCesare et al., 2024; Drew &
Samuel, 1985; Dunfey-Ball, 2017; Healy et al., 2020;
Holmes et al., 2018; Jones et al., 2017; Lankester, 2018;
Nadeau et al., 2017; Pouchet et al., 2024; Samuel, 2007).
Cold-adapted moose in ecosystems like the GYE are also
near the southern extent of their range, potentially exac-
erbating disease issues by reducing energy budgets avail-
able for immune defenses or defensive behaviors like
grooming (Molnar et al., 2013). Rising temperatures
under climate change are likely to only exacerbate ther-
mal stress for moose at the lower latitudes of their range.

Managers concerned with winter tick infestations on
vulnerable hosts like moose may wish to consider man-
agement options to reduce elk abundance and overlap
between spring elk and fall moose habitats. These man-
agement actions, such as increased elk hunting in
targeted areas, may align with management plans for
other diseases like brucellosis or chronic wasting disease
(Proffitt et al., 2015; Williams et al.,, 2002). Future
research on winter tick dynamics in western North
America would ideally consider non-moose hosts along-
side known drivers like climate and moose density
(Dunfey-Ball, 2017; Holmes et al., 2018; Rosenblatt
et al., 2021). As parasite-tolerant hosts continue to domi-
nate disturbed landscapes, we may expect shared para-
sites to dampen the recovery of rare or specialized hosts
and must continue to explore consequences for
parasite-host coevolution.
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