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Abstract

Ixodes pacificus (the western blacklegged tick) occurs in the far western United States (US),
where it commonly bites humans. This tick was not considered a species of medical concern until
it was implicated in the 1980s as a vector of Lyme disease spirochetes. Later, it was discovered
to also be the primary vector to humans in the far western US of agents causing anaplasmosis
and hard tick relapsing fever. The core distribution of /. pacificus in the US includes California,
western Oregon, and western Washington, with outlier populations reported in Utah and Arizona.
In this review, we provide a history of the documented occurrence of /. pacificus in the US

from the 1890s to present, and discuss associations of its geographic range with landscape, hosts,
and climate. In contrast to /xodes scapularis (the blacklegged tick) in the eastern US, there is

no evidence for a dramatic change in the geographic distribution of /. pacificus over the last
half-century. Field surveys in the 1930s and 1940s documented /. pacificus along the Pacific
Coast from southern California to northern Washington, in the Sierra Nevada foothills, and in
western Utah. County level collection records often included both immatures and adults of /.
pacificus, recovered by drag sampling or from humans, domestic animals, and wildlife. The
estimated geographic distribution presented for /. pacificusin 1945 by Bishopp and Trembley is
similar to that presented in 2022 by the Centers for Disease Control and Prevention. There is no
clear evidence of range expansion for /. pacificus, separate from tick records in new areas that
could have resulted from newly initiated or intensified surveillance efforts. Moreover, there is

no evidence from long-term studies that the density of questing /. pacificus ticks has increased
over time in specific areas. It therefore is not surprising that the incidence of Lyme disease has
remained stable in the Pacific Coast states from the early 1990s, when it became a notifiable
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condition, to present. We note that deforestation and deer depredation were less severe in the far
western US during the 1800s and early 1900s compared to the eastern US. This likely contributed
to /. pacificus maintaining stable, widespread populations across its geographic range in the far
western US in the early 1900s, while /. scapularis during the same time period appears to have
been restricted to a small number of geographically isolated refugia sites within its present range
in the eastern US. The impact that a warming climate may have had on the geographic distribution
and local abundance of /. pacificus in recent decades remains unclear.
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1.

Introduction

Ixodes pacificus (the western blacklegged tick) occurs in far western North America, from
Baja California in Mexico in the south through the United States (US) and into British
Columbia in Canada in the north (Guzman-Cornejo and Robbins, 2010; Eisen et al., 2016a;
Lindquist et al., 2016). In the US, the core distribution includes California, western Oregon,
and western Washington, with outlier records from Arizona and Utah (Fig. 1). Key hosts
for the immature life stages of /. pacificus include lizards, rodents, and birds, whereas the
adults predominantly parasitize large mammals (Furman and Loomis, 1984; Durden and
Keirans, 1996; Castro and Wright, 2007; McVicar et al., 2022). The primary reproductive
host for /. pacificus adults is Odocoileus hemionus, including the subspecies Odocoileus
hemionus hemionus, mule deer, and Odocoileus hemionus columbianus, Columbian black-
tailed deer (Heffelfinger and Latch, 2003). Odocoileus hemionus columbianus occurs in the
Coast Ranges from northern California through Oregon and Washington, and O. Aemionus
hemionus is found in the remaining parts of the geographic range of /. pacificus. In

this paper, both subspecies are referred to simply as deer. There also are geographically
limited populations of a subspecies of the white-tailed deer (Columbian white-tailed deer,
Odocoileus virginianus leucurus) present in western Oregon and Washington (Gavin, 1984;
Fulbright, 2011). The role of other types of animals, such as mid- to large-sized carnivores,
as alternative reproductive hosts for /. pacificus is not clear.

Ixodes pacificus has long been recognized to bite humans and domestic animals (Cooley
and Kohls, 1945). However, it was not considered a species of medical concern until the
recognition in the late 1970s and early 1980s that Lyme disease cases occurred in California
(Steere and Malawista, 1979; Lane and Lavoie, 1988), and /. pacificus served as a vector

of Lyme disease spirochetes (Burgdorfer et al., 1985). Similar to /xodes scapularis (the
blacklegged tick) in the eastern US, /. pacificus has emerged as the preeminent tick vector of
human pathogens in the far western US in the last half-century. More than 4000 /. pacificus
ticks have been recorded to infest humans in the US (Eisen, 2022), and this tick species

is considered the primary vector in the far west of three bacterial agents known to cause
human disease: Anaplasma phagocytophilum causing anaplasmosis, Borrelia burgdorferi
sensu stricto (s.s.) causing Lyme disease, and Borrelia miyamotoi causing hard tick relapsing
fever (Eisen and Paddock, 2021). /xodes pacificus also is naturally infected with other
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species within the Borrelia burgdorferi sensu lato (s.l.) complex with unclear pathogenicity
to humans, including Borrelia americana, Borrelia bissettiae, Borrelia californiensis, and
Borrelia lanei (Rudenko et al., 2011; Fedorova et al., 2014; Margos et al., 2017; Rose et al.,
2019; Xu et al., 2019; MacDonald et al., 2020a; Salkeld et al., 2021; Osikowicz et al., 2024).

In this review, we provide a history of the documented occurrence of /. pacificus in the US,
and discuss associations of its geographic range with landscape, hosts, and climate. Sources
for 1. pacificus records included published literature together with unpublished information
from: (i) the United States National Tick Collection (USNTC), housed at Georgia Southern
University, Statesboro, GA, USA (USNTC, 2023); and (ii) a database for tick records
maintained by the California Department of Public Health (CDPH). For general reviews

on the biology and ecology of /. pacificus, we refer to Arthur and Snow (1968), Lane et

al. (1991), Castro and Wright (2007), Salkeld and Lane (2010), Eisen et al. (2016b), and
McVicar et al. (2022).

2. Origin and population genetics of |. pacificus

Ixodes pacificus is a member of the /xodes ricinus species complex, which includes the

four primary /xodes vectors of human disease agents in the northern hemisphere: /. ricinus
(the castor bean tick) in Europe; /xodes persulcatus (the taiga tick) in eastern Europe and
Asia; /. pacificus in western North America; and /. scapularis in eastern North America
(Keirans et al., 1999). Molecular phylogenetic analyses of this species complex indicate that
1. pacificus is more closely related to /. persulcatusthan to /. scapularis (Fukunaga et al.,
2000; Xu et al., 2003). However, the evolutionary history of /. pacificus is poorly understood
and it remains unclear when it arose as a species in far western North America and how

it spread to achieve the current geographic distribution. Population genetic studies of /.
pacificus have been very limited (Kain et al., 1997, 1999) and unable to clarify the processes
that shaped the current geographic distribution of the tick. Kain et al. (1999) found a lack

of discernable geographical patterns of differentiation in haplotypes for the mitochondrial
DNA cytochrome oxidase 111 gene of /. pacificus within the core distributional area along
the Pacific Coast (California, Oregon, and Washington in the US and British Columbia in
Canada), whereas an outlier population in Utah was distinguishable from the populations
within the core distributional area and also showed reduced haplotype diversity. The authors
suggested that this ecologically isolated population, which is separated from the core
distributional area of /. pacificus by a large expanse of arid high desert unsuitable for the
tick, could have resulted from either range fragmentation during a Pleistocene glaciation
event or a more recent introduction via host animals. We encourage renewed studies of the
evolutionary history and recent geographic spread patterns of /. pacificus using state-of-the-
science genetic molecular approaches.

3. History of the documented geographic distribution of I. pacificus in the

usS

Collection records of /. pacificus span 1893 to present. Cooley and Kohls (1943) described /.
pacificus as a new species, but there are older records for the tick under other names: /xodes
ricinus (Neumann, 1896; Nuttall et al., 1911; Hearle, 1938), /xodes californicus (Banks,
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1908; Hooker et al., 1912; Gregson, 1942), /xodes ricinus var. californicus (Clarke, 1912,
1913), and /xodes ricinus californicus (Boynton and Woods, 1933; Jellison, 1934; Gregson,
1935; Davis and Kohls, 1937; Kohls and Cooley, 1937; Parker et al., 1937). The most
common sources for records of the adult stage of /. pacificus are drag or flag sampling (from
the 1930s onward) and hunter-killed deer. Early records of the immature stages involved
specimens taken from hosts, especially lizards and rodents, whereas in recent decades
immatures increasingly have been recovered by drag sampling in dense woodlands with

a leaf litter ground cover and minimal emergent vegetation where larvae and nymphs are
readily collected using this method. Moreover, in the Sierra Nevada foothills of California,

1. pacificus nymphs were collected more frequently by flag sampling from logs, rocks, and
tree trunks than from leaf litter (Hacker et al., 2021). Recently, there has been an increase

in passive surveillance studies where /. pacificus ticks found infesting community members
or their pets were submitted for identification by professional entomologists (Salkeld et al.,
2019; Xu et al., 2019; Hahn et al., 2020; Porter et al., 2021). Benefits and drawbacks of such
studies, including the issue of whether or not travel history is accounted for, was reviewed
previously by Eisen and Eisen (2021).

3.1. Summary of the history of the documented geographic distribution in the US

In striking contrast to /. scapularisin the eastern US (see Eisen and Eisen, 2023), there has
not been a dramatic change in the geographic distribution of /. pacificus over the last half-
century (Eisen et al., 2016a). Collection records from 1893 to 1915 showed /. pacificusto
be present in coastal and interior California and coastal Oregon, and extensive field surveys
in the 1930s and 1940s documented the tick to occur along the Pacific Coast from southern
California to northern Washington, as well as in the Sierra Nevada foothills of California
and in western Utah (see Sections 3.2-3.5). By 1950, /. pacificus had been recorded from
34 counties in California, 12 counties in Oregon, seven counties in Washington, and three
counties in Utah. Two maps depicting the geographic distribution of /. pacificus in the US
were published in 1945 (Bishopp and Trembley, 1945; Cooley and Kohls, 1945). There
was agreement that the tick occurred from southernmost California through Oregon to
northernmost Washington: the continuous geographic range was estimated to include the
western parts of these states but there also were scattered collection locations indicated in
eastern California. The main difference between the maps was that Bishopp and Trembley
also included outlier collection records from southwestern Utah. The estimated distribution
for /. pacificus presented by Bishopp and Trembley in 1945 is very similar to the depiction
of the tick’s distribution as of 2022 by the Centers for Disease Control and Prevention
(CDC) (Fig. 1). The expanding documented geographic distribution of /. pacificus along
the Sierra Nevada Range in eastern California since 1950 is likely related in large part to
increased surveillance efforts in this part of the state following the recognition in the early
1980s of /. pacificus as a vector of B. burgdorferis. s. and subsequent detection of local
clusters of Lyme disease cases in the Sierra Nevada foothills (see Sections 3.2.2-3.2.3).

Collection records for /. pacificus accumulated steadily from California, Oregon, and
Washington from the 1950s to the mid-1990s (see Sections 3.2.2, 3.3.2, and 3.4.2). Dennis
et al. (1998) then presented the first summary of counties across the western US where /.
pacificus had been reported or was considered established (i.e., at least six individuals of
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a single life stage or at least two life stages detected in the county), based on data up to
1996. Records came from literature review, a questionnaire sent to public health officials,
acarologists, and Lyme disease researchers, and review of USNTC records. By 1996, /.
pacificus was classified as established in 55 of 58 counties in California, nearly all counties
in western Oregon, and most counties in western Washington (Fig. 2). Areas in these states
where /. pacificus is absent or occurs only in isolated locations include high elevations in
the Sierra Nevada Range and Cascade Range, and the semi-arid eastern parts of Washington,
Oregon, and southern California. Geographic outliers for counties classified as having /.
pacificus established included four counties in western and central Utah, and a single county
in northwestern Arizona. Tick collection locations in these two states, where most areas are
too arid to support /. pacificus, typically were at high elevation (2000-2200 m) in scrub

oak habitat (see Sections 3.5-3.6). Dennis et al. (1998) described the Arizona location as an
isolated “sky island” where snow melt provided sufficient moisture and vegetation to support
a tick population, and noted that narrow bands of riverine habitat in southern Utah may
support /. pacificus in otherwise too arid environments.

Two decades later, Eisen et al. (2016a) updated the county-level distribution map making a
minor modification to the “established” definition; established counties were defined by at
least six individuals of a single life stage or at least two life stages detected in the county
within a single year. County records included those from Dennis et al. (1998), with county
status updated based on publications from 1996 through 2015, records from state health
department websites, and reports from public health officials, acarologists, and Lyme disease
investigators. There were very few (n=5) additional counties classified as having /. pacificus
established from 1996 to 2015 (Table 1); these included four counties in western Washington
and a single county in western Utah (Fig. 2).

The CDC then initiated a national program for surveillance of ticks and their associated
pathogens in 2018 (Eisen and Paddock, 2021; CDC, 2023b). Data on /. pacificus are
collated from state health departments and other partners, including the National Ecological
Observatory Network (NEON, 2023), in ArboNET. There were no changes from 2016 to
2022 for counties classified as having /. pacificus established (CDC, 2023c; Table 1), though
surveillance efforts were limited in the western US and counties are very large, potentially
masking geographic changes at sub-county spatial scales. For those interested in records

of /. pacificus from specific counties, Table 2 provides a breakdown of references for this
tick species by state and county in the western United States. It also should be noted that
Fleshman et al. (2021) presented a county level map for detection of B. burgdorferis.s. in

1. pacificus across the tick’s range, with similar information now provided by CDC in a
regularly updated online map (CDC, 2023d).

With regards to presence of /. pacificus, the collection records from California, Oregon, and
Washington presented in Sections 3.2 to 3.4 depict a wide distribution that has been largely
stable since the 1930s. It seems likely the tick was then documented successively from local
areas with suitable habitat as surveillance efforts were initiated over time. In contrast to /.
scapularis in the eastern US (Eisen and Eisen, 2023), there is no clear evidence of range
expansion for /. pacificus based on surveillance targeting questing ticks or from programs
where ticks were recovered from wildlife, domestic animals, or humans. The density of
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nymphal or adult /. pacificus questing in a manner allowing for collection by drag/flag
sampling (hereafter referred to simply as drag sampling) has been shown to vary between
geographical areas as well as between habitat types (e.g., Eisen et al., 20064, b; Swei et al.,
2011a; Lane et al., 2013; MacDonald and Briggs, 2016). However, there is no evidence from
long-term studies that the density of questing ticks has increased over time in specific areas.
Based on the lack of clear evidence for either range expansion or local population increase
of /. pacificus over the last half-century, it is not surprising that the incidence of reported
Lyme disease cases has remained stable in the Pacific Coast states from the early 1990s,
when Lyme disease became a notifiable condition, to present (<1 annual case per 100,000
population in California and Washington, and <2 annual cases per 100,000 population

in Oregon; Bacon et al., 2008; Schwartz et al., 2017; CDC, 2023e). Other factors that

could have influenced Lyme disease incidence over time include increased encroachment of
human habitation on tick habitat and changes in the levels of human recreational activities in
tick habitat or use of personal protection measures such as repellents.

Records from California

The California collection records for /. pacificus presented below are broken down into
multiple time periods: 1893 to 1920 (Section 3.2.1.1), 1921 to 1950 (Section 3.2.1.2), 1951
to 1970 (Section 3.2.2.1), 1971 to 1984 (Section 3.2.2.2), 1985 to 1995 (Section 3.2.2.3),
and 1996 to present (Section 3.2.3). Hui et al. (2004) noted there was no systematic active
surveillance for /. pacificus in California by drag sampling until the mid-1980s, and that
previous records in the CDPH database came from published literature (including records
from Furman and Loomis, 1984), special research projects associated with surveillance for
Q fever, Colorado tick fever, or plague, and ticks removed opportunistically from humans,
domestic animals, and wildlife.

As California is climatically and ecologically diverse, with environments ranging from
highly suitable to unsuitable for /. pacificus, we use broad geographic areas with more
uniform environments (following vegetation mapping zones presented by the United States
Department of Agriculture; USDA, 2023; see also Fig. 3) to guide the presentation of county
level collection records within the state. Six mapping zones include substantial areas with
habitat suitable for /. pacificus. 1) South Coast (from San Diego to Santa Barbara counties
along the coast, including the Peninsular Range, Transverse Range, and the southern tip of
the Southern Coast Range; and also containing the far western parts of inland Riverside and
San Bernardino counties); 2) Central Coast (from San Luis Obispo to San Francisco counties
along the coast, including the Southern Coast Range; and also containing all or portions

of neighboring counties to the east up to the edge of the Central Valley); 3) North Coast
(from Marin to Del Norte counties along the coast, including the Northern Coast Range;

and also containing all or portions of neighboring counties to the east up to the edge of the
Central Valley as well as counties or parts of counties located in the Klamath Mountains in
the far north); 4) South Sierran (including the eastern parts of counties that extend from the
Central Valley into the Sierra Nevada Range, from Kern County to the south to Calaveras
County to the north); 5) North Sierran (including the eastern parts of counties that extend
from the Central Valley into the Sierra Nevada Range, from Amador County to the south to
Butte and Plumas counties to the north); and 6) North Interior (including parts of Tehama,
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Plumas, Shasta, Lassen, Siskiyou, and Modoc counties located in the Cascade Range). Three
additional zones contain only sporadic areas with habitat suitable for /. pacificus. 7) Central
Valley (including flat and predominantly agricultural parts of counties that also extend into
the Coast Ranges to the west or Sierra Nevada Range to the east, from Kern County to the
south to Shasta County to the north); 8) South Interior (primarily hot desert environments,
including Imperial County and parts of San Diego, Los Angeles, Riverside, San Bernardino,
Kern, and Inyo counties); and 9) Great Basin (primarily cold desert environments, including
parts of Inyo, Mono, Lassen and Modoc counties in far eastern California). Suitable habitats
for 1. pacificus in these three zones may include riparian areas or, in the specific case of the
Central Valley, isolated higher elevation areas such as the Sutter Buttes (Wright et al., 2003a,
2006).

For county records that do not include specific collection locations within the county, and
where the county encompasses multiple vegetation mapping zones, we make the assumption
that the ticks were recovered in the zone with more suitable habitat for /. pacificus for
counties located partly in the South Interior, Central Valley, or Great Basin zones (low
suitability for /. pacificus) and partly in the South Coast, Central Coast, North Coast, South
Sierran or North Sierran zones (high suitability). Two counties merit special mention in

this respect: Inyo County contains large portions characterized as South Interior and Great
Basin vegetation zones but also a small portion of the more suitable South Sierran vegetation
zone in the far west of the county; and Fresno County extends from the Central Coast
through the Central Valley into the South Sierran vegetation zone. It also should be noted
that records from California, as well as the other states presented in Sections 3.3 to 3.9,
include collections with variable certainty for the source location being within the county
from which /. pacificus ticks were recorded: high certainty for specimens collected by drag
sampling or carbon dioxide traps, or recovered from wildlife with limited home ranges

(such as rodents, insectivores, lagomorphs, and lizards); moderate certainty for specimens
recovered from wildlife with more extensive home ranges (such as deer, carnivores, and
birds); and lower certainty for specimens recovered from humans or domestic animals, in the
absence of travel histories.

3.2.1. California records from 1893 to 1950—Caollection records for /. pacificus

were plentiful from California during this early time period. Records from 1893 to 1920

almost exclusively involved adults, whereas records from the late 1920s onward included
both adults and immatures.

3.21.1.  Recordsfrom 1893 to 1920.: Neumann (1896) included /. pacificus (=1. ricinus)
as occurring in California, but without mentioning hosts, specific locations within the state,
or collection years. The earliest detailed records representing /. pacificus were presented
by Nuttall et al. (1911), who included collections from Santa Clara County, on the Central
Coast, of /. ricinus from mouse in 1893 and mountain lion in 1894. Additional sources
(Hui et al., 2004; CDPH, unpublished data) provide further details for the 1894 /. pacificus
collections on the Central Coast: six males and seven females were recovered from a
mountain lion in Santa Clara County, and two males from a mountain lion in San Benito
County. There also are additional very early unpublished records for /. pacificus on the
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Central Coast, including in 1896 for a nymph collected from a bird in Santa Clara County
and in 1900 for 12 adults from unknown hosts in Monterey County (CDPH, unpublished
data).

Banks (1904) presented information for /. pacificus (as a new species named /. californicus)
collected from a bird ( 7oxostoma crissale, Crissal thrasher) in Los Angeles County on the
South Coast, but this particular record is considered to rather have been specimens of /xodes
brunneus (see Cooley and Kohls, 1943). Banks (1908) then reported collection of /. pacificus
(= 1. californicus) adults from fox and deer on the Central Coast (Santa Clara County and the
“Santa Cruz Mountains”) and the North Coast (Humboldt County), but without specifying
years of collection. However, both the CDPH database and the USNTC appears to include
these records, with collection years of 1903 for a Humboldt County record of two females
from deer, and 1907 for a Santa Cruz County record of one female and one male from

an unknown host. These and later records of /. californicus are considered to represent /.
pacificus (Cooley and Kohls, 1943; Guglielmone and Nava, 2014). There also is another
early record of /. pacificus from the North Coast in 1906, when a nymph was recovered from
a lizard in Mendocino County (CDPH, unpublished data).

Based on unpublished data from CDPH and USNTC, there was a suite of California
collection records for /. pacificus adults from 1910 to 1915. Most of these records involved
small numbers (up to five) of adults recovered from humans or domestic animals, but a

few collections included more than 10 adults from domestic animals or deer. Collection
locations were widespread, including counties on the South Coast (Los Angeles, Orange,
San Bernardino, and San Diego), Central Coast (Alameda and Santa Clara), and North
Coast (Humboldt, Lake, Mendocino, Siskiyou, Sonoma, and Trinity), as well as in the South
Sierran zone (Madera) and North Sierran zone (EI Dorado and Placer). Additionally, Clarke
(1912, 1913) reported infestation by adult /. pacificus (=1. ricinus var. californicus) for nine
deer (O. columbianus columbianus) in California from 1911 to 1912, but without specific
information for collection locations. It was noted that some deer only carried a few ticks
while others were infested by two to three dozen ticks.

3.21.2. Recordsfrom 1921 to 1950.: Numerous additional California records for /.
pacificus (including /. ricinus californicus) were presented in publications or included in
the CDPH database or the USNTC for the time period from 1927 to 1950. Additionally,
Boynton and Woods (1933) reported collection of /. pacificus (=1. ricinus californicus) from
deer (O. columbianus scaphiotus) but without specifying the year and collection location.
Collections from 1927 to 1950 included ticks from a wide range of sources, including
adults collected by drag sampling or recovered from humans, domestic animals, or wildlife
(primarily deer and carnivores), as well as immatures collected from lizards, rodents, and
birds. Drag sampling often yielded large numbers of adults; for example, more than 250
adults were collected in a few hours from a single site in Monterey County in 1932 (Jellison,
1934).

South Coast records included collections of /. pacificus in western Riverside County from
1932 to 1935 (adults from drag sampling, dog, and lagomorph) and in 1949 (adults from
deer); Santa Barbara County from 1932 to 1933 (adults from drag sampling and dog);
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Orange County from 1933 to 1937 and from 1947 to 1948 (adults from drag sampling and
carnivore, and one nymph from drag sampling); western San Bernardino County in 1933
and 1942 (adults from domestic animals); Los Angeles County from 1935 to 1950 (adults
from drag sampling, human, dog, and deer, and immatures from lizard, bird, rodent, and
lagomorph); Ventura County in 1937 (adults from drag sampling and horse); and San Diego
County in 1948 (one adult from drag sampling) (Jellison, 1934; Cooley and Kohls, 1945;
Webb et al., 1990a; CDPH and USNTC, unpublished data).

Central Coast records of /. pacificus included collections in Alameda County from 1929 to
1933 (adults from drag sampling and dog, and immatures from birds) and 1936 to 1945
(adults from drag sampling, human, domestic animals, and rodent, and immatures from
lizard, rodent, insectivore, carnivore, and bird); Monterey County from 1929 to 1932 (adults
from drag sampling, and immatures from lizard) and 1938 to 1949 (adults from domestic
animals, rodent, carnivore, and deer, and immatures from lizard and rodent); San Benito
County in 1932 and 1937 (adults from drag sampling and cattle, and immatures from lizard
and rodent); San Luis Obispo County from 1932 to 1943 (adults from drag sampling and
cattle, and immatures from lizard); Santa Clara County in 1932 and 1948 (adults from drag
sampling and domestic animals); Contra Costa County from 1937 to 1949 (adults from

drag sampling and domestic animals, and immatures from lizard); San Francisco County
from 1938 to 1946 (adults from human); San Mateo County in 1947 (adults from unknown
source); and Santa Cruz County in 1949 (adults from dog) (Jellison, 1934; Cooley and
Kohls, 1945; Holdenried et al., 1951, Linsdale and Tevis, 1951; Linsdale and Tomich, 1953;
Webb et al., 1990a; CDPH and USNTC, unpublished data).

North Coast records included collections of /. pacificusin Sonoma County in 1932 (one
adult from dog) and from 1949 to 1950 (immatures from lagomorph); Humboldt County
from 1933 to 1948 (adults from drag sampling and domestic animals, and immatures from
lizard); Lake County from 1933 to 1941 (adults from domestic animals and carnivore);
Mendocino County from 1933 to 1937 (one adult from dog, and immatures from lizard);
Napa County in 1933 (adults from human) and 1949 (immatures from lagomorph); Siskiyou
County in 1933 (one adult from unknown source); Del Norte County in 1935 (adults from
drag sampling and domestic animals); Marin County from 1938 to 1949 (adults from drag
sampling, human, dog, deer, and carnivore, and immatures from lizard and rodent); Solano
County in 1941 (immatures from lizard); and Trinity County in 1950 (adults from drag
sampling) (Jellison, 1934; Kohls and Cooley, 1937; Cooley and Kohls, 1945; Webb et al.,
1990a; CDPH and USNTC, unpublished data).

There also were records of /. pacificus from inland locations in California. In the South
Interior zone, immatures were recovered from lizards in 1927 in the Imperial Valley,
Imperial County (Webb et al., 1990a; CDPH, unpublished data). Records in the South
Sierran zone included Madera and Tulare counties from 1932 to 1941 (adults from drag
sampling, human, and domestic animals) (Jellison, 1934; Cooley and Kohls, 1945; CDPH
and USNTC, unpublished data). Records in the North Sierran zone came from EI Dorado
and Plumas counties from 1949 to 1950 (adults from drag sampling, human, dog, and
deer, and immatures from lizard and rodent) (Webb et al., 1990a; CDPH and USNTC,
unpublished data). In the extreme northern end of the Central Valley, a nymph from rodent
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and two ticks of unknown life stage were recorded from Shasta County (including in
Redding) from 1933 to 1934 (Kohls and Cooley, 1937; CDPH, unpublished data). Finally,
there were records of adults from dog in Fresno County in 1947 (USNTC, unpublished data;
not clear if this was in the Central Coast or South Sierran portion of Fresno County); and
adults from bear in Kern County in 1947 (CDPH and USNTC, unpublished data; most likely
in the South Sierran portion of Kern County).

3.2.2. California records from 1951 to 1995—Collection records for /. pacificus
from California continued to accumulate from 1951 to the early 1980s, and then increased
dramatically in volume from the mid-1980s to mid-1990s. The overall geographic range
remained largely unchanged over this time period but surveys in new areas within the range
provided a more detailed picture of where the tick was present.

3.22.1. Recordsfrom 1951 to 1970.: The majority of /. pacificus records from this time
period are from the CDPH database (unpublished data), with additional records from the
USNTC (unpublished data) and published literature. South Coast records came from Los
Angeles County from 1951 to 1960 (adults from drag sampling, human, and lagomorph);
Orange County from 1952 to 1967 (adults from horse, rodent, and carnivore); Riverside
County from 1952 to 1970 (adults from carnivore); San Bernardino County from 1952 to
1964 (adults from drag sampling and carnivore, and one nymph from lizard); San Diego
County from 1952 to 1963 (adults from drag sampling, domestic animals, and carnivore);
Santa Barbara County from 1955 to 1970 (adults from human and domestic animals, and
immatures from lizard); and Ventura County from 1961 to 1966 (adults from drag sampling,
human, cattle, and rodent, and immatures from lizard) (Ryckman et al., 1955; Webb et al.,
1990a; CDPH, unpublished data).

Central Coast records for /. pacificus included Alameda County from 1951 to 1970 (adults
from drag sampling, human, domestic animals, and rodent, and immatures from cat and
lizard); Monterey County from 1951 to 1970 (adults from drag sampling, human, domestic
animals, and carnivore, and immatures from lizard); San Benito County from 1951 to 1970
(adults from drag sampling, deer, and carnivore); Santa Clara County from 1951 to 1967
(adults from horse, and one nymph from deer); San Mateo County from 1954 to 1963 (adults
from human and horse, and immatures from lizard, rodent, and insectivore); Santa Cruz
County from 1955 to 1970 (adults from human); Contra Costa County from 1956 to 1970
(adults from drag sampling, human, and domestic animals, and immatures from human and
lizard); and San Luis Obispo County from 1963 to 1968 (adults from drag sampling and
horse) (Osebold et al., 1962; Mohr et al., 1964; Webb et al., 1990a; CDPH, unpublished
data). There also were /. pacificus adults taken from dog in Stanislaus County, most likely
in the Central Coast portion of the county (CDPH, unpublished data), and /. pacificus ticks
were collected with carbon dioxide traps in the San Francisco Bay area (Garcia, 1962).

North Coast records for /. pacificus included Mendocino County from 1951 to 1968 (adults
from drag sampling and deer); Sonoma County from 1951 to 1970 (adults from drag
sampling, human, and dog, and immatures from human and bird); Marin County from
1952 to 1970 (adults from drag sampling, human, and rodent, and immatures from human
and rodent); Napa County from 1955 to 1958 (adults from human und unknown source);
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Humboldt County from 1959 to 1969 (adults from drag sampling, human, lagomorph, and
carnivore, and immatures from human and rodent); Shasta County from 1959 to 1964 (adults
from drag sampling); Siskiyou County from 1960 to 1970 (adults and one nymph from drag
sampling and carbon dioxide traps); Solano County from 1962 to 1963 (adults from human
and cattle); and Del Norte and Lake counties from 1968 to 1970 (adults from drag sampling)
(Longhurst and Douglas, 1953; Osebold et al., 1962; Browning and Lauppe, 1964; CDPH
and USNTC, unpublished data). There also were records from Colusa and Yolo counties,
most likely in the North Coast portion of the counties, from 1959 to 1966 (adults from
coyote, and immatures from lizard) (CDPH, unpublished data).

Additional records of /. pacificus came from the South Sierran and North Sierran zones,

as well as the Central Valley and the North Interior zone. South Sierran records for /.
pacificus included Madera County from 1953 to 1962 (adults from drag sampling and
horse); Tulare County from 1959 to 1970 (adults from drag sampling, and one larva from
lizard); Tuolumne County from 1961 to 1965 (adults from drag sampling); Kern County
from 1962 to 1968 (adults from deer and unknown life stage from drag sampling); Calaveras
County from 1963 to 1968 (adults from horse and deer); and the neighboring Mariposa and
Merced counties from 1963 to 1965 (adults from dog) (Brunetti, 1965; CDPH, unpublished
data). North Sierran records for /. pacificus included El Dorado County from 1951 to

1970 (adults from drag sampling, human, dog, deer, and carnivore, and immatures from
rodent); Nevada County from 1951 to 1970 (adults from drag sampling, human, and dog);
Plumas County from 1951 to 1968 (adults from drag sampling, and immatures from rodent);
Butte County in 1960 (adults from human and carnivore); Placer County from 1960 to

1965 (adults from drag sampling); Amador County from 1964 to 1967 (adults from drag
sampling); and Sierra County in 1964 (one adult from drag sampling) (Brunetti, 1965;
CDPH, unpublished data).

There also were a few records of /. pacificus from Sacramento County in the Central Valley
from 1963 (adults from dog), and one record from Lassen County in the North Interior

zone in 1959 (one adult from drag sampling) (CDPH, unpublished data). Finally, there were
records of adults from drag sampling and deer in Fresno County from 1961 to 1964 (CDPH,
unpublished data; not clear if this was in the Central Coast or South Sierran portion of
Fresno County).

Arthur and Snow (1968) summarized records for /. pacificus in California without
specifying collection years or life stages and numbers of ticks recovered. This likely
included both previously published and new records. Collection records for questing ticks
included Los Angeles, Orange, and Riverside counties on the South Coast; Alameda,
Monterey, and Santa Clara counties on the Central Coast; Humboldt and Del Norte counties
on the North Coast; Madera County in the South Sierran zone; and Plumas County in the
North Sierran zone. Additional records were included for ticks taken from various hosts

in locations (indicated on a state map without county borders) representing multiple other
counties along the Coast Ranges and the Sierra Nevada Range.

3.2.2.2. Recordsfrom 1971 to 1984.: /xodes pacificus records from this time period came
from CDPH (unpublished data) together with published literature. South Coast records came
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from San Diego County from 1971 to 1972 (adults from unknown source, and immatures
from rodent); Santa Barbara County from 1971 to 1981 (adults from drag sampling and
carnivore); Ventura County in 1972 and 1980 (adults from dog); Los Angeles County in
1974 (adults from carnivore); and Orange County in 1984 (immatures from lizard) (Nelson,
1973; Webb et al., 1990a; CDPH, unpublished data). There also were records of /. pacificus
from 1975 to the early 1980s on California Channel Islands assigned to Santa Barbara and
Los Angeles counties (adults from human, dog, carnivore, and wild pig, and immatures
from lizard and rodent) (Lane et al., 1982; Bennett, 1987; Webb et al., 1990a). Central
Coast records for /. pacificus included Contra Costa County from 1971 to 1979 (adults
from drag sampling, human, and domestic animals, and one nymph from human); Monterey
County from 1971 to 1979 (adults from drag sampling and human, and immatures from
lizard); Santa Cruz County from 1971 to 1978 (adults from dog and unknown source); San
Mateo County from 1972 to 1976 (one adult from human, and immatures from rodent);

San Francisco County in 1975 (one adult collected inside a house); and San Luis Obispo
County from 1978 to 1981 (adults from human and carnivore) (Philip et al., 1981; CDPH,
unpublished data).

North Coast records for /. pacificus notably included extensive collections from the Hopland
Field Station in Mendocino County from 1971 to 1979, including all life stages taken from
deer (O. hemionus columbianus, totals of 46 larvae, 26 nymphs, and more than 1300 adults),
more than 200 immatures taken primarily from rodents and lagomorphs, and more than

150 adults collected from vegetation by drag sampling (Westrom, 1975; Lane et al., 1981;
Philip et al., 1981; Westrom et al., 1985). Additional records for /. pacificus from the North
Coast for the period from 1971 to 1981 included Lake County in 1971 (immatures from
lizard); Marin County from 1971 to 1981 (adults from human and domestic animals, and
immatures from human and bird); Siskiyou County from 1971 to 1974 (adults from drag
sampling and dog); Sonoma County from 1971 to 1981 (adults from drag sampling, human,
and dog, and immatures from drag sampling, rodent, and lizard); Napa County from 1972

to 1977 (adults from human, domestic animals, and dog); Mendocino County from 1972 to
1980 (adults from human, dog, and carnivore); Trinity County from 1973 to 1976 (adults
from human and unknown source); Humboldt County from 1979 to 1981 (adults from drag
sampling and rodent, and one nymph from human); and Yolo County, most likely in the
North Coast portion of the county, in 1981 (one adult from cattle) (Botzler et al., 1980;
CDPH, unpublished data).

Following the discovery in 1981 that /. scapularis in the eastern US were infected with the
causative agent of Lyme disease (Burgdorfer et al., 1982), hundreds of adult /. pacificus
were collected by drag sampling from 1982 to 1984 in Marin, Mendocino, and Sonoma
counties on the North Coast to be examined for presence of this disease agent (Burgdorfer
et al., 1985). This study provided the first documentation of Lyme disease spirochetes from
1. pacificus in California, with infected ticks collected from all three counties albeit at

low prevalence of infection (0.9-1.4%). It also should be noted that Naversen and Gardner
(1978) reported a case of erythema chronicum migrans from Sonoma County on the North
Coast in the late 1970s (the year was not specified) associated with the bite of a tick
determined to belong to the genus /xodes, most likely /. pacificus.
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There also were records of /. pacificus from the South Sierran and North Sierran zones, as
well as the Central Valley and the North Interior zone. South Sierran records for /. pacificus
included Kern County in 1971 (one adult and one nymph from rodent); Tulare County

from 1971 to 1980 (adults from drag sampling, human, dog, and bear, and immatures from
lizard); Tuolumne County in 1973 (one adult from drag sampling); and Mariposa County
from 1975 to 1978 (adults from bear) (Furman and Loomis, 1984; Webb et al., 1990g;
CDPH, unpublished data). North Sierran records for /. pacificus included Placer County
from 1974 to 1978 (adults from drag sampling); and Amador and Sierra counties in 1973
(adults from human) (Webb et al., 1990a; CDPH, unpublished data). Additional records
came from Sacramento County in the Central Valley in 1974 (immatures from lizard);
Lassen County in the North Interior zone in 1977 (one adult from human); and Inyo County
in 1977 (one adult from elk) (Webb et al., 1990a; CDPH, unpublished data).

Furman and Loomis (1984) then provided a summary of collection locations for /. pacificus
in California. The geographic distribution of collection locations was visualized as points

on a state map. The specific counties and collection years these point locations represented
were unfortunately not specified in the publication, although records specifically for the
larval stage later were included in the publication by Webb et al. (1990a) on the larval ticks
of the genus /xodes in California. Furman and Loomis (1984) noted that /. pacificus had
been recorded from 50 of the 58 counties in California, in locations ranging in elevation
from sea level to over 2150 m. The distribution map for /. pacificus included numerous point
locations in the South Coast zone (>30 locations), Central Coast zone (>30 locations), North
Coast zone (>50 locations), South Sierran zone (approximately 15 locations), and North
Sierran zone (approximately 10 locations). Lower numbers of collection point locations
were indicated as falling within the Central Valley zone (approximately five locations in

the central and northern parts of the Central Valley), North Interior zone (three locations

in the southern part of the zone), Great Basin zone (one location situated in extreme

eastern EI Dorado County or Placer County on the Nevada border and another location in
the northeastern part of Inyo County), and South Interior zone (one location in Imperial
County).

3.2.2.3. Recordsfrom 1985 to 1995.: Collection records from field studies specifically
targeting /. pacificus accumulated rapidly from the mid-1980s onward. From the mid-1980s
to the mid-1990s, large numbers of /. pacificus ticks were collected by drag sampling or
from wildlife (lizards, rodents, birds, lagomorphs, and deer) across California (Lane and
Burgdorfer, 1986,1987,1988; Bissett and Hill, 1987; Lane and Lavoie, 1988; Loye and Lane,
1988; Lane and Loye, 1989, 1991; Lane and Pascocello, 1989; Lane, 1990a, 1990b, 1990c,
1992, 1996; Lane and Stubbs, 1990; Manweiler et al., 1990, 1992; Webb et al., 1990a,
1990b, 1992; Goldberg and Bursey, 1991; Boyce et al., 1992; Brown and Lane, 1992; Lane
etal., 1992; Meyers et al., 1992; Monsen et al., 1990, 1992; Wright, 1992; Kramer and
Beesley, 1993; Olson et al., 1993; Schwan et al., 1993; Clover and Lane, 1995; Barlough
etal., 1997; Castro et al., 1997; Peavey et al., 1997; Hui et al., 1998, 2004; Lang, 1999;
Casher et al., 2002; CDPH, unpublished data). During this time period, /. pacificuswas
collected from all counties falling entirely or partly within the South Coast zone (Los
Angeles, Orange, Riverside, San Bernardino, San Diego, Santa Barbara, and Ventura), all
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counties falling entirely or partly within the Central Coast zone (Alameda, Contra Costa,
Fresno, Kings, Merced, Monterey, San Benito, San Luis Obispo, San Mateo, Santa Clara,
Santa Cruz, and Stanislaus), and all counties falling entirely or partly within the North
Coast zone (Colusa, Del Norte, Glenn, Humboldt, Lake, Marin, Mendocino, Napa, Shasta,
Siskiyou, Solano, Sonoma, Tehama, Trinity, and Yolo). Collections of /. pacificus also were
made from all counties located partly in the South Sierran zone (Calaveras, Fresno, Kern,
Madera, Mariposa, Tulare, and Tuolumne) and the North Sierran zone (Amador, Butte, El
Dorado, Nevada, Placer, Plumas, Sierra, and Yuba). There also were notable records of /.
pacificus from San Joaquin, Sacramento, and Sutter counties in the Central Valley (Wright,
1992; Wright et al., 1996; CDPH, unpublished data), the South Interior portion of San
Bernardino County (Schwan et al., 1993), and Lassen County in the North Interior zone
(CDPH, unpublished data). Finally, there was a record of adults collected by drag sampling
from Inyo County in 1989 (CDPH, unpublished data). Negative data included drag sampling
efforts failing to produce /. pacificusin Alpine County in the South Sierran zone, Mono
County in the Great Basin zone, and Modoc County in the North Interior zone (Schwan et
al., 1993).

3.2.3. California records from 1996 to present—Dennis et al. (1998) listed 55 of
58 counties in California as having established populations of /. pacificus by 1996. One
county was classified as /. pacificus being reported (Mono County, in the Great Basin zone
with the westernmost portion of the county extending down into the South Sierran zone)
and two counties had no reports of this tick (Modoc County in the North Interior zone and
Alpine County in the South Sierran zone) (Fig. 2). No change to county classifications for
1. pacificus in California has occurred from 1996 to 2022 (Eisen et al., 2016a; CDC, 2023c;
Fig. 2).

Numerous field studies resulting in collection of /. pacificus have been conducted from the
late 1990s to present. Focal areas for these studies have included: (i) the Marin-Napa-Yolo-
Sonoma-Mendocino-Humboldt section of the North Coast (Reubel et al., 1998; Foley et al.,
1999, 2007, 2011; Kramer et al., 1999; Nicholson et al., 1999; Vredevoe et al., 1999; Li et
al., 2000; Télleklint-Eisen and Eisen, 1999; Télleklint-Eisen and Lane, 1999, L. 2000; Eisen
et al., 2001, 2002, 2003, 2004a, 2004b, 2004c, 2004d, 20062, 2006b; Lane et al., 2001,
2005a, 2005b, R.S. 2006, 2007, 2010; Slowik and Lane, 2001; Wright et al., 2003b, 2010,
2011, S.A. 2012; Fritz et al., 2005; Nieto and Foley, 2008, 2009; Salkeld et al., 2008, 20144,
2014b, 2015, 2021; Gabriel et al., 2009; Nieto et al., 2009, 2010; Castro and Clover, 2010;
Foley and Nieto, 2011; Phan et al., 2011; Rejmanek et al., 2011; Swei et al., 2011a, 2011b,
2011c, A. 2012, 2015; Dingler et al., 2014; Foley and Piovia-Scott, 2014; Eshoo et al., 2015;
Bonkrude, 2016; Nieto and Salkeld, 2016; Ryan et al., 2016; Lilly et al., 2022; Paddock et
al., 2022); (ii) the Alameda-San Mateo-Santa Clara-Santa Cruz-Monterey-San Luis Obispo
section of the Central Coast (Foley et al., 1999, 2011; Kramer et al., 1999; Chang et al.,
2001; Holden et al., 2003, K. 2006; Nieto et al., 2007; Lumbad et al., 2011; Padgett and
Bonilla, 2011; Rejmanek et al., 2011; Fedorova et al., 2014; Foley and Piovia-Scott, 2014;
Salkeld et al., 20144, 2014b, 2015, 2021; Eshoo et al., 2015; Bonilla, 2016; MacDonald et
al., 2016; Nieto and Salkeld, 2016; Kirkpatrick et al., 2017; Kleinjan et al., 2019; Crews and
Roth, 2020; Lopez-Pérez et al., 2021; Nakano et al., 2021; James et al., 2022; Paddock et
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al., 2022); (iii) Los Angeles, Orange, Riverside, and Santa Barbara counties on the South
Coast (Crooks et al., 2001, 2004; Hu et al., 20044, b; Lane et al., 2013, Eshoo et al., 2015;
MacDonald and Briggs, 2016; Billeter et al., 2017; MacDonald, 2018; MacDonald et al.,
2017, 2020a); (iv) EI Dorado, Fresno, Madera, Mariposa, Nevada, Placer, Tehama and Yuba
counties in the Sierran zones (Reubel et al., 1998; Wright et al., 1998, S.A. 2000, 2003b;
Foley et al., 1999, 2011, 2016; Kramer et al., 1999; Vredevoe et al., 1999; Fleer et al., 2011,
Osborne et al., 2020; Hacker et al., 2021; Paddock et al., 2022); and (v) Sacramento and
Sutter counties in the Central Valley (Wright et al., 2003a, 2003b, S.A. 2006; Foley et al.,
2011). Hui et al. (2004) also noted collection of two /. pacificus nymphs in 2003 during a
relapsing fever case investigation in Mono County, which is located in the Great Basin zone
with the western edge of the county extending into the South Sierran zone.

A few studies also have presented statewide county level data for collection of /. pacificus
based on drag sampling (Padgett et al., 2014; Rose et al., 2019) or submission of ticks from
community members (Salkeld et al., 2019; Porter et al., 2021). The counties with records of
1. pacificus in these recent statewide studies are detailed in Table 2. However, it should be
noted that drag sampling clearly demonstrates local presence of the tick whereas collection
of ticks from community members or their pets may represent exposures occurring outside
the county of residence unless there is a documented travel history. Padgett et al. (2014)
and Rose et al. (2019) also presented data for infection with B. burgdorferis.l. in 1.
pacificus nymphs and adults collected across California. Infected ticks were recorded
across California, although it was noted that the prevalence of infection was much lower

in southernmost California than in the central and northern parts of the state. There also was
a notable collection of four /. pacificus ticks from gray foxes in Ensenada, Baja California,
Mexico (near the US border) from 2017 to 2018 (L6pez-Pérez et al., 2020).

3.2.4. California record summary—The collection records for /. pacificusin
California outlined above give a clear impression of the tick being widely distributed

across the state in the early 1900s. The tick had already been recorded from 18 (31%) of
California’s 58 counties by 1920, and from 34 (59%) counties by 1950, with a distribution
spanning the entire coastline from San Diego County in the south to Del Norte County

in the north and with sporadic collections from inland counties, ranging from Imperial
County in the south to Plumas and Shasta counties in the north. County records often
included both immatures and adults of /. pacificus, recovered from a wide range of sources
including drag sampling or collection from humans, dogs, cats, horses, cattle, rodents,
insectivores, lagomorphs, carnivores, deer, lizards, and birds. By 1984, /. pacificus had been
documented from 50 (86%) counties in California, and this rose to 56 (97%) counties by
1996. There is no clear evidence of range expansion for /. pacificus in California based

on surveillance targeting questing ticks or from programs where ticks were recovered from
wildlife, domestic animals, or humans. Rather than reflecting true range expansion, changes
in the documented geographic distribution of /. pacificus in California since the 1950s more
likely in most cases resulted from intensified interest in this tick over time, leading to field
studies in counties and local areas where no previous efforts had been made to collect /.
pacificus. Table 2 provides a breakdown of references for /. pacificus records by county in
California.
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3.3. Records from Oregon

Oregon is ecologically diverse, with suitable environments for /. pacificus located primarily
in the western, cooler and wetter part of the state (including the Coast Range, Willamette
Valley, and Cascade Range) and along the Columbia River and its tributaries on the border
with Washington in the north. The arid landscape in the southern and central parts of eastern
Oregon is generally too dry for /. pacificus to persist. Collection records for /. pacificus

in Oregon presented below are broken down into two different time periods: 1893 to 1950
(Section 3.3.1) and 1951 to present (Section 3.3.2).

3.3.1. Oregon records from 1893 to 1950—The first records of /. pacificusin
Oregon come from the US National Tick Collection (unpublished data), which includes
collections in 1910 of more than 20 adults recovered from dogs or horses in Douglas and
Josephine counties in the southwest and Lincoln County in the west-central part of the
state. The next suite of records for /. pacificus (including /. ricinus californicus) came

from 1932 to 1942, when the tick was recorded from 10 Oregon counties: Curry, Douglas,
Jackson, and Josephine in the southwest; Benton and Lane in the west-central part of

the state; Clackamas, Columbia, and Multnomah in the northwest; and Umatilla in the
northeast (Kohls and Cooley, 1937; Cooley and Kohls, 1945; USNTC, unpublished data).
This included adults collected by drag sampling or recovered, in most cases, from humans
or domestic animals, as well as immatures taken from wild animals, including lizards.
Most collection records included less than 10 immatures or adults but larger numbers of
specimens (10 to 40 adults) were recovered by drag sampling in some cases. The outlier
record in the northeast for Umatilla County, which borders on the Columbia River, was
based on a single female collected from a human, with no travel history provided to rule out
that the tick may have been acquired elsewhere. Additionally, Chamberlin (1937) presented
maps for tick records in Oregon, without specific information for collection year, host, or
life stages and numbers of ticks recovered, but indicating the counties where collections
were made. Separate records were shown for /. ricinusand /. californicus. Collectively, this
included records from nine counties in the western part of Oregon (Benton, Clackamas,
Columbia, Curry, Douglas, Jackson, Josephine, Lincoln, and Multnomah) and one county in
the northeast (Morrow, which is located along the Columbia River and borders on Umatilla
County). The US National Tick Collection (unpublished data) also includes records from
the late 1940s for more than 30 /. pacificus adults collected from vegetation, humans or
domestic animals in Coos, Douglas, and Jackson counties in southwestern Oregon.

3.3.2. Oregon records from 1951 to present

Arthur and Snow (1968) presented records for /. pacificusin Oregon without specifying
collection years or life stages and numbers of ticks recovered. The records included questing
ticks collected in Curry, Douglas, and Josephine counties in the southwest and Hood River
County in the northwest, together with ticks taken from various hosts in locations (indicated
on a state map without county borders) representing multiple other counties along the Coast
Range. The US National Tick Collection (unpublished data) does not include any records of
1. pacificus from Oregon in the 1950s but there are a few records from 1965 for immatures
taken from lizards in Benton and Douglas counties. This was followed by extensive /.
pacificus records from Oregon based on surveys (primarily drag sampling for adults but
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in some cases also examination of rodents and lizards for immature ticks) conducted

in recreational areas throughout the state from 1967 to 1979, together with previously
unpublished records from the Rocky Mountain Laboratory (Easton, 1972; Easton and
Goulding, 1974; Hughes et al., 1976; Easton et al., 1977; USNTC, unpublished data). These
efforts yielded more than 4000 /. pacificusticks from 20 counties, including 17 counties

in western Oregon (Benton, Clackamas, Clatsop, Columbia, Coos, Curry, Douglas, Jackson,
Josephine, Lane, Lincoln, Linn, Marion, Multnomah, Polk, Tillamook, and Washington)
and three counties in northernmost central Oregon located along the Columbia River (Hood
River, Sherman, and Wasco). Collection efforts in counties in eastern Oregon commonly
yielded Dermacentor andersoni (the Rocky Mountain wood tick) but no /. pacificus (Easton
etal., 1977). Following the detection in 1981 of Lyme disease spirochetes in /. scapularis

in the eastern US (Burgdorfer et al., 1982), /. pacificus adults were collected from Douglas
and Josephine counties in southwestern Oregon from 1982 to 1984 and similarly found

to be infected (Burgdorfer et al., 1985). A follow-up study where /. pacificus adults were
collected in Jackson and Josephine counties in southwestern Oregon in 1997 confirmed

that spirochetes infecting these ticks were B. burgdorferis.s., with an infection rate of 3%
(Burkot et al., 1999). Moreover, it was shown that /. pacificus immatures, especially larvae,
commonly fed on rodents (Neotomawoodrats and Peromyscus mice) found to be infected
with B. burgdorferis.s.

Dennis et al. (1998) listed 18 counties in western and north-central Oregon as having
established populations of /. pacificus (Fig. 2) and four counties with the tick reported
(Columbia and Polk in the west, Jefferson in the north-central part of the state, and Umatilla
in the northeast). The only county mentioned above as having a record of /. pacificus but
not included by Dennis et al. (1998) is Morrow County in northeastern Oregon. No change
to county classifications for /. pacificus being established in Oregon occurred from 1996 to
2022 (Eisen et al., 2016a; CDC, 2023c). Other notable publications from Oregon include
Doggett et al. (2008) and Porter et al. (2021). These publications provided records of /.
pacificus adults, collected by drag sampling from 2003 to 2004 (Doggett et al., 2008) or
recovered from humans or domestic animals from 2016 to 2017 (Porter et al., 2021), from
areas where the tick was previously known to be established in western or north-central
Oregon. Notably, this included reports of /. pacificus from Yamhill County in northwestern
Oregon (Doggett et al., 2008; Porter et al., 2021), where the tick had been assumed to be
present based on records from neighboring counties (Easton et al., 1977).

3.3.3.  Oregon record summary—The collection records for /. pacificusin Oregon
outlined above indicate a wide distribution in the early 1900s across the western,
environmentally favorable portion of the state (including the Coast Range, the Willamette
Valley, and the foothills of the Cascade Range). /xodes pacificus had already been recorded
from 11 (58%) of the 19 counties located in this part of Oregon by 1950, with tick records
spanning counties located on the California border in the south to the Washington border in
the north. Following expanded tick surveillance efforts across Oregon from 1967 to 1979,
1. pacificus had been recorded from 18 (95%) of the 19 western counties by 1980, as well
as from counties further east along the Columbia River on the Washington border. Similar
to California, there is no clear evidence of range expansion for /. pacificusin Oregon based
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on surveillance targeting questing ticks or from programs where ticks were recovered from
wildlife, domestic animals, or humans. Table 2 provides a breakdown of references for /.
pacificus records by county in Oregon.

3.4. Records from Washington (and British Columbia in Canada)

Washington is ecologically diverse, with suitable environments for /. pacificus located
primarily in the western, cooler and wetter part of the state (including the Coast Range

and Cascade Range) and along the Columbia River and its tributaries along the border

with Oregon in the south. The arid landscape in the central and northern parts of eastern
Washington is generally too dry for /. pacificus to persist. Collection records for /. pacificus
in Washington presented below are broken down into two different time periods: 1893 to
1950 (Section 3.4) and 1951 to present (Section 3.4.2).

3.4.1. Washington records from 1893 to 1950—/xodes pacificus (=1. ricinus
californicus) was first recorded from Washington in the early 1930s, when eight adults

were recovered in 1930 from humans in Lewis County in the southwestern part of the state,
and a single adult was taken in 1932 from a horse on Orcas Island in San Juan County

in the northwest (Cooley and Kohls, 1945; USNTC, unpublished data). Additional records
came in the late 1930s, when a female tick was recovered in 1936 from an unknown host in
Pierce County in the west-central part of the state; six adults were recovered in 1939 from
humans in Skagit County in the northwest; and four nymphs were taken in 1937 from lizards
in Klickitat County in the south-central part of the state and in Pierce County (Cooley and
Kohls, 1945; USNTC, unpublished data). The US National Tick Collection (unpublished
data) also includes records from the early 1940s, from Clark County in the southwestern
part of the state and Whatcom County in the northwest, most often including single females
recovered from humans (USNTC, unpublished data). It also should be noted that /. pacificus
was occasionally recorded from the southern coast of British Columbia in Canada (just north
of Washington State) from 1907 to 1929 (Nuttall et al., 1911; Gregson, 1956), and that
extensive collections of this tick (=/. ricinus californicus or 1. californicus) were made during
the 1930s and 1940s in southwestern British Columbia (Gregson, 1935, 1942, 1956; Hearle,
1938; Cowan, 1946).

3.4.2. Washington records from 1951 to present—Records of /. pacificus from

the 1950s and early 1960s in western Washington included adult ticks recovered from
humans or dogs in Clark, Klickitat, and Mason counties, and immatures taken from lizards
in Klickitat County (USNTC, unpublished data). There also is a record of an /. pacificus
tick recovered at a quarantine station in Hawaii from a dog traveling from Seattle (King
County) in 1961 (Garrett and Haramoto, 1967). Arthur and Snow (1968) then presented
records for /. pacificus in Washington without specifying collection years or life stages

and numbers of ticks recovered. The records included questing ticks collected in King and
Whatcom counties in the northwest, together with ticks taken from various hosts in locations
(indicated on a state map without county borders) representing multiple counties along the
Columbia River in the southwest (Clark, Skamania, and Klickitat based on map-indicated
locations) and in the Puget Sound area in the northwest (Kitsap, Mason, Pierce, and Skagit
based on map-indicated locations). The US National Tick Collection (unpublished data) also
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includes records from 1972 of more than 100 adult /. pacificus recovered from various hosts,
including dogs and cats, in San Juan County in the northwest.

We are not aware of any further records of /. pacificus from Washington until 1996

when Dennis et al. (1998) listed 12 counties in the western part of the state as having
established populations of /. pacificus (Chelan, Clark, Jefferson, Klickitat, Lewis, Mason,
Pierce, San Juan, Skagit, Skamania, Thurston, and Whatcom; see Fig. 2), and another five
western counties with the tick reported (Cowlitz, Island, King, Kitsap, and Snohomish).
Based on unpublished data generated by the Washington State Department of Health,
Eisen et al. (2016a) reclassified Clallam, Cowlitz, King, and Kitsap as counties with

1. pacificus established (Fig. 2) and added four western counties as having /. Pacificus
reported (Kittitas, Okanogan, Pacific, and Yakima). Dykstra et al. (2020) then reported
results specifically for drag sampling for /. pacificus in western Washington from 2011

to 2016, with ticks recovered from seven counties (Clallam, Jefferson, Klickitat, Mason,
Pierce, Thurston, and Yakima) and B. burgdorferis.s. detected from 4% of tested adult
ticks. Porter et al. (2021) provided records of /. pacificus recovered infesting humans or
domestic animals, without documented travel histories, from 2016 to 2017 in 11 counties
in western Washington (Chelan, Clallam, Grays Harbor, King, Kitsap, Klickitat, Lewis,
Mason, Skamania, Thurston, and Yakima) and Pend Oreille County in far northeastern
Washington. As the tick has not been collected by drag sampling from Pend Oreille
County in northeastern Washington, we caution that the sole record of /. pacificus from
this county (which represents a geographical outlier from the known distribution of the
tick in Washington; see Figs. 1-2) may have resulted from travel exposure. By 2022, there
were no changes from Eisen et al. (2016a) for counties in Washington classified as having
established populations of /. pacificus (CDC, 2023c). Finally, it also should be noted that /.
pacificus was commonly recorded from British Columbia in Canada from 1993 to 2018: the
vast majority of collections came from southwestern coastal areas but there were occasional
records also inland to the southeast and further north along the coast (Mak et al., 2010;
Morshed et al., 2021).

3.4.3. Washington record summary—Surveillance for /. pacificus was more limited
throughout the 1900s in Washington compared to California and Oregon. Nevertheless, the
collection records for /. pacificus outlined above indicate a wide distribution in the early
1900s across the environmentally favorable western portion of the state (including the Coast
Range, the Puget Sound area, and the foothills of the Cascade Range). /xodes pacificus
was recorded from 7 (35%) of the 20 counties located in western Washington by 1950,
with tick records spanning counties located on the Oregon border in the south to the border
with Canada in the north. The number of western counties with records of /. pacificus

then rose to 10 (50%) by 1980 and 17 (85%) by 1996. More intensive active surveillance
for 1. pacificus was not initiated until after 2010 in Washington. Similar to California and
Oregon, there is no clear evidence of range expansion for /. pacificus in Washington based
on surveillance targeting questing ticks or from programs where ticks were recovered from
wildlife, domestic animals, or humans. Table 2 provides a breakdown of references for /.
pacificus records by county in Washington.
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3.5. Records from Utah

Utah has a semi-arid to arid climate where /. pacificus can persist only locally in especially
moist environments. The first records of /. pacificus (=1. ricinus californicus) from Utah
came in 1938: a total of three female ticks were recovered from two deer hunters in Beaver
and Piute counties in the southwestern part of the state (Bishopp and Trembley, 1945). This
was followed in 1945 by an /. pacificustick recovered from a human in Millard County in
west-central Utah (Edmunds, 1951). Additional collections were made from the 1950s to
the early 1960s in western and central Utah. /xodes pacificus adults were recovered from
deer, dog, and human in Juab and Utah counties; and immatures were taken from rodents
and a bird nest in Juab, Tooele, Utah, and Washington counties (Beck, 1955; Allred et al.,
1960; Marchette et al., 1962; Johnson, 1966; USNTC, unpublished data). Arthur and Snow
(1968) then presented records for /. pacificus in Utah without specifying collection years or
life stages and numbers of ticks recovered. This included records of ticks taken from various
hosts in locations (indicated on a state map without county borders) representing multiple
counties in the western and central parts of the state.

To the tally of seven counties with collection records of /. pacificus by 1955 outlined above,
Dennis et al. (1998) added only a single county (Salt Lake County in central Utah) by

1996. Davis et al. (2015) then conducted drag sampling for /. pacificus adults from 2011

to 2013 in 157 sites spread across nine counties in western and central Utah. One site in
Tooele County produced more than 100 adults, whereas six other sites in Millard, Tooele,

or Washington counties each yielded one to two adults, and no /. pacificus were collected
from the remaining 150 sites. None of 119 examined /. pacificus adults were found to be
infected with B. burgdorferis.s. Sites with /. pacificus adults collected were typically at high
elevation (2000-2200 m), with habitats comprised of scrub oak, brush, juniper, and grasses.
Eisen et al. (2016a) included the same eight counties as Dennis et al. (1998) with records for
1. pacificus, with five of these counties listed as having established tick populations (Juab,
Salt Lake, Tooele, Utah, and Washington; see Fig. 2). No change to county classifications
for 1. pacificus occurred from 2016 to 2022 (CDC, 2023c). Table 2 provides a breakdown of
references for /. pacificus records by county in Utah.

3.6. Records from Arizona

Arizona has a semi-arid to arid climate where /. pacificus can persist only locally in
especially moist environments. The only county in Arizona with records of /. pacificus

is Mohave in the northwestern part of the state (Olson et al., 1992; Table 2). Mohave
County borders on Washington County in southwestern Utah where /. pacificus has been
collected at high elevation in mountainous areas (Davis et al., 2015). In October 1991, two
1. pacificus adults were recovered from humans after they hiked at high elevation (2200
m) in Hualapai Mountain County Park in Mohave County (Olson et al., 1992). Follow-up
drag sampling in April of 1992 along the trail they had hiked yielded 65 adult /. pacificus
collected from grass on south-facing slopes in a scrub oak habitat. Additional efforts in May
and June of 1992 produced both adults (n=19) from drag sampling and immatures (n=17)
from examination of lizards. Consequently, Mohave County has been listed as having an
established population of /. pacificus (Dennis et al., 1998; Eisen et al., 2016a; CDC, 2023c;
Fig. 2). However, to the best of our knowledge, this area has not been re-examined for
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presence of /. pacificus since 1992, and no efforts to collect /. pacificus have been made in
other high elevation areas in northern Arizona. The adult ticks collected in 1992 also were
examined for presence of spirochetes using a monoclonal antibody (H5332) reactive with
B. burgdorferis.s. (Olson et al., 1992). Two of the adults were found to be infected but
based on the detection methodology it cannot be ruled out they were infected with another
spirochete species within the B. burgdorferis.l. complex or with B. miyamotoi.

Records from Nevada

Nevada has a semi-arid to arid climate where /. pacificus may persist only locally in
especially moist environments. The only records of /. pacificus from Nevada came from
1959 to 1962 from the Nevada Test Site, which spans portions of Clark, Lincoln, and

Nye counties in the far south of the state (Beck et al., 1963; Table 2). Clark County and
Lincoln County borders on Mohave County in Arizona and Washington County in Utah,
respectively, where /. pacificus is considered to be established (see Sections 3.5 and 3.6).
Records of /. pacificus from the Nevada Test Site are limited to immatures (12 larvae and 1
nymph) taken from four pocket mice (Beck et al., 1963; see also Arthur and Snow, 1968).
The specific collection locations for these pocket mice within the Nevada Test Site is not
clear from the suite of publications on the overall survey of plants and animals for Nevada
Test Site (Allred et al., 1963a, b; Beck et al., 1963). However, it was noted by Beck et al.
(1963) that the larvae came from mice trapped in a brush habitat. We are not aware of any
effort to collect /. pacificus from the Nevada Test Site after 1962, or to conduct a survey for
this species in any other area in Nevada. To date, /. pacificus is classified as reported in two
Nevada counties: Clark and Lincoln (Dennis et al., 1998; Eisen et al., 2016a; CDC, 2023c).

3.8. Records from Idaho

3.9.

The only record of /. pacificus from Idaho is a female tick taken from a house cat in
Pocatello, Bannock County, in the southeastern part of the state in 1970 (Easton et al., 1977;
USNTC, unpublished data). There was no mention of whether the cat had a travel history.
Bannock County is located close to the border with Utah, approximately 250 km north of
Salt Lake County where /. pacificus is established. This county record was not included by
Dennis et al. (1998) or Eisen et al. (2016a), but it does seem possible that local populations
of /. pacificus could exist in southern Idaho.

Records from Alaska

Ixodes pacificus occurs commonly on the south coast of British Columbia in Canada, and
there are a few records of this tick further north along the coast near the border with Alaska
(Mak et al., 2010; Morshed et al., 2021). It therefore is not inconceivable that /. pacificus
could be found in coastal areas in southernmost Alaska, such as in Ketchikan, Sitka or
Juneau just to the north of British Columbia. Hahn et al. (2020) reported two female /.
pacificus taken in 2017 and 2019 from dogs (with no recent travel history) in Anchorage,
which is located in Anchorage Borough (County) on the coast in south-central Alaska.
Surveillance for /. pacificus in southernmost coastal Alaska near the border with British
Columbia is of interest.
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4. Association of changing landscapes and host populations with the
geographic distribution of I. pacificus

As noted by Eisen and Eisen (2023), dramatic increases over the last century in the
geographic distribution of /. scapularis in the northern part of the eastern US likely
resulted in large part from processes of reforestation (following deforestation in the 1800s)
and, especially, population recovery of the white-tailed deer, O. virginianus (following
decimation of deer leading to historically low populations around 1900, including virtual
absence of deer from many areas in the Upper Midwest, Ohio Valley region, and the
Northeast). The scenario that played out for /. pacificus in the far western US over the last
century appears to be different in several respects.

Later colonization by European settlers of the Pacific Coast states, compared to states along
the Eastern Seaboard, together with increasing awareness in the early 1900s of human
impacts on the landscape resulted in more limited deforestation during the late 1800s and
early 1900s within the geographic range of /. pacificus in the far west than in the /.
scapularis range in the east (Li et al., 2023). Moreover, /. pacificusis present in a wide range
of habitat types in the far western US. The tick occurs in densely or sparsely forested areas
as well as in open settings dominated by brush or grass (Lane, 1990c; Lane and Stubbs,
1990; Kramer and Beesley, 1993; Hui et al., 1998; Téalleklint-Eisen and Eisen 1999; Eisen et
al., 2006b; Swei et al., 2011; Lane et al., 2013; Salkeld et al., 2015; MacDonald et al. 2017).
Due to its broad habitat associations, /. pacificus is not expected to be very sensitive to
changes in the landscape over time, unless there also is a major impact on key host species.

The influx of settlers to the Pacific Coast states in the mid-1800s, motivated by the “gold
rush”, resulted in strong, unregulated hunting pressure on deer that persisted until the turn
of the century (Longhurst et al., 1952; Jensen et al., 2023). In response, hunting was
increasingly regulated from the early 1900s onward in order to manage deer populations
(Mackie, 1987; Jensen et al., 2023). Webb (2016) noted that the recovery of deer populations
in the far western US was faster than for populations of white-tailed deer in the east because
surviving deer populations in the early 1900s in the Pacific Coast states were generally
higher in numbers (and presumably more geographically widespread within their range).
Within the core geographic range of /. pacificus, Jensen et al. (2023) suggested that around
1920 there were more than 210,000 deer (O. hemionus columbianus) present in the Coast
Ranges from northern California to southern British Columbia, together with an unspecified
number of deer (O. hemionus hemionus) in the Coast Range of southern California and the
Sierra Nevada foothills. Deer hunt data from California indicate annual harvests in the range
of 25,000 animals in the late 1920s, then steadily rising harvest numbers to a peak of 80,000
to 100,00 animals in some years in the late 1950s, followed by a declining trend from the
late 1960s onward (Longhurst et al., 1976; Webb, 2016). Moreover, annual estimates of the
total deer population in California (O. hemionus hemionus and O. hemionus columbianus
combined) were higher in the late 1950s (range from 1955 to 1959 of 1100,000-1200, 000
deer) than in the late 1990s (range from 1995 to 1999 of 531, 000-752,000 deer) and the
late 2010s (range from 2015 to 2019 of 458, 000-637,000 deer) (Connolly, 1981; Jensen et
al., 2023). A similar trend was documented from Oregon (Jensen et al., 2023). The declining
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trend in deer numbers from the 1960s onward in the far western US is in stark contrast to
the dramatic increase in numbers seen for the white-tailed deer in the eastern US during the
same time period (Adams and Hamilton, 2011).

We consider it likely that deer persisted through the late 1800s and early 1900s in sufficient
numbers across the core geographic range of /. pacificus to allow the tick to maintain
widely distributed populations, which then were documented along the Pacific Coast from
southernmost California to northernmost Washington from the 1890s to the 1930s (see
Sections 3.2-3.4). In California, /. pacificus adults were recovered from deer on several
occasions already from 1903 to 1915 (Clarke 1912, 1913; CDPH and USNTC, unpublished
data). Although deer populations then fluctuated from the 1920s until present (first
increasing and then decreasing before more or less stabilizing in California and Oregon;
Jensen et al., 2023), there is no clear evidence from the documented /. pacificus records that
the tick has been limited in its geographic range over that time period. We speculate that
deer have been abundant and widespread enough over the last 100 years to continuously
support stable populations of /. pacificus across the tick’s present range in the far western
US. This is in stark contrast to the northern part of the eastern US, where the decimation

of white-tailed deer in the 1800s and early 1900s presumably led to the disappearance of

1. scapularis from large parts of its previous range, and the subsequent reemergence of the
white-tailed deer was followed by well documented spread and proliferation of /. scapularis
across forested portions of the Upper Midwest and Northeast (Eisen and Eisen, 2023).

5. Association of a changing climate with the geographic distribution of I.

pacificus

The impact a warming climate may have had on the geographic distribution and local
abundance of /. pacificus in recent decades, and may have in the future, remains unclear.
Modeling of abiotic and biotic factors associated with the current distribution of /. pacificus
in California (Eisen et al., 2018) or across the full range of the tick (Hahn et al., 2016)
indicate that tick presence is related to climate variables. Both models indicated that cold-
season temperature and rainfall are important determinants of environmental suitability for /.
pacificus, with warm and wet winters providing the most suitable climatic conditions. In the
California model (Eisen et al., 2018), the likelihood of an area being classified as suitable for
the tick was found to increase steadily with increasing temperatures >0 °C during the coldest
quarter of the year, and further increased when precipitation ranged from 400 to 800 mm
during the coldest quarter. The model based on the entire geographic range of /. pacificus
(Hahn et al., 2016) provided similar results: the likelihood of an area being classified as
suitable for the tick was found to increase with precipitation in the coldest and warmest
quarters, and mean temperature of the wettest quarter (Hahn et al., 2016).

Not surprisingly, efforts to predict changes in the geographic distribution of /. pacificus
under scenarios of climate warming indicate the tick may expand into higher elevations in
mountainous areas of California, Oregon, and Washington, and northward along the Pacific
Coast in British Columbia and into southernmost Alaska (Alkishe et al., 2021; Hahn et al.,
2021; Witmer et al. 2022). The potential for range contraction in the warmest and driest
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portions of the current range, including parts of southern California, remains unclear. Future
climate warming also may result in changes to the times of year when different life stages
are questing for hosts, with variable impacts across climatically highly diverse states such as
California (MacDonald et al., 2019, 2020b).

6. Future directions

7.

Knowledge of the geographic distribution of /. pacificus accumulated via opportunistic
collection from hosts and sporadic drag sampling efforts from the 1890s up to the early
1980s, when the incrimination of the tick as a vector of Lyme disease spirochetes resulted in
the initiation of systematic drag sampling collections, particularly in California and Oregon,
to clarify the range and local density of /. pacificus as well as infection with Lyme disease
spirochetes. There are no clear indications that the geographic distribution and density of

1. pacificus will change profoundly in the foreseeable future within the core portion of its
range in California, western Oregon, and western Washington. However, future changes

to precipitation and temperature patterns could impact both the distribution (expansion or
contraction) and density (increase or decrease) of /. pacificus, particularly in settings where
current environmental conditions are either marginally suitable or nearly suitable for the
tick to survive and reproduce. Areas where the tick could potentially expand its range

due to climate warming include higher elevations in the Sierra Nevada range, the Klamath
Mountains, and the Cascade Range, as well as in coastal southernmost Alaska. Conversely,
climate warming could potentially be detrimental to /. pacificus in southernmost California
(including the mountain ranges on the South Coast and the South Interior zone) as well as
inland locations in Arizona and Utah where the tick is present. Another potential scenario

is that increased precipitation, should it occur, may allow the tick to establish populations

in nearly suitable but currently too dry local environments in the Great Basin and Columbia
Plateau zones in easternmost California, the eastern parts of Oregon and Washington, and
western Utah. We encourage surveillance for /. pacificus based on schemes specifically
designed to monitor climate-driven changes to the presence and density of the tick, from the
present into the future, in core distributional areas as well as in those areas where climate
change is expected to have the greatest impact on tick presence and density. As noted
previously in the paper, it also would be interesting to re-sample some geographic outlier
locations where /. pacificus was recorded in the past based on drag sampling or examination
of local wildlife (for example the Hualapai Mountain County Park in northwestern Arizona
and the Nevada Test Site in southern Nevada), and to conduct drag sampling in outlier
locations where the evidence for presence of /. pacificus is based solely on recovery of
ticks from humans or pets without knowledge of travel histories (for example Pend Oreille
County in northeastern Washington and Bannock County in southeastern ldaho). We also
encourage renewed studies of the evolutionary history and recent geographic spread patterns
of /. pacificus using state-of-the-science genetic molecular approaches to better understand
the potential for spread of this species within and beyond its current geographic range.

Disclaimer

The findings and conclusions of this study are by the authors and do not necessarily
represent the views or opinions of the Centers for Disease Control and Prevention, the
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California Department of Public Health, or the California Health and Human Services
Agency.

Acknowledgments

We thank Lorenza Beati Ziegler of Georgia Southern University for sharing unpublished data from the United
States National Tick Collection.

Data availability

No data was used for the research described in the article.

References

Adams KP, Hamilton RJ, 2011. Management history. In: Hewitt DG (Ed.), Biology and Management
of White-Tailed Deer. CRC Press, New York, NY, USA, pp. 355-377.

Alkishe A, Raghavan RK, Peterson AT, 2021. Likely geographic distributional shifts among medically
important tick species and tick-associated diseases under climate change in North America: a
review. Insects 12, 225. [PubMed: 33807736]

Allred DM, Beck DE, White LD, 1960. Ticks of the genus /xodes in Utah. Brigham Young Univ. Sci.
Bull. Biol. Ser 1 (4), 1.

Allred DM, Beck DE, Jorgensen CD, 1963a. Nevada test site study areas and specimen depositories.
Brigham Young Univ. Sci. Bull. Biol. Ser 2 (4), 1.

Allred DM, Beck DE, Jorgensen CD, 1963b. Biotic communities of the Nevada test site. Brigham
Young Univ. Sci. Bull. Biol. Ser 2 (2), 1.

Arthur DR, Snow KR, 1968. /xodes pacificus Cooley and Kohls, 1943: its life-history and occurrence.
Parasitology 58, 893-906. [PubMed: 5693986]

Bacon RM, Kugeler KJ, Mead PS, 2008. Surveillance for Lyme disease - United States, 1992-2006.
Morb. Mortal. Wkly. Rep. Surveill. Summ 57 (10), 1-9.

Banks N., 1904. Some arachnida from California. Proc. Calif. Acad. Sci 3, 331-377.

Banks N., 1908. A Revision of the Ixodoidea, Or Ticks, of the United States. United States Department
of Agriculture, Bureau of Entomology, Washington, DC, USA.

Barlough JE, Madigan JE, Kramer VL, Clover JR, Hui LT, Webb JP, Vredevoe LK, 1997. Ehrlichia

phagocytophila genogroup rickettsiae in ixodid ticks from California collected in 1995 and 1996.
J. Clin. Microbiol 35, 2018-2021. [PubMed: 9230373]

Beck DE, 1955. Some unusual distributional records of ticks in Utah. J. Parasitol 41, 198-201.
[PubMed: 14368437]

Beck DE, Allred DM, Brinton EP, 1963. Ticks of the Nevada test site. Brigham Young University Sci.
Bull. Biol. Ser 4 (1), 1.

Bennett SG, 1987. Medically important and other ectoparasitic acarines on vertebrates from Santa
Catalina Island, California. Bull. Soc. Vector Ecol 12, 534-538.

Billeter SA, Yoshimizu MH, Hu R, 2017. Species composition and temporal distribution of adult
ixodid ticks and prevalence of Borrelia burgdorferisensu lato and Rickettsia species in Orange
County, California. J. Vector Ecol 42, 189-192. [PubMed: 28504429]

Bishopp FC, Trembley HL, 1945. Distribution and hosts of certain North American ticks. J. Parasitol
31, 1-54.

Bissett ML, Hill W, 1987. Characterization of Borrelia burgdorferi strains isolated from /xodes
pacificusticks in California. J. Clin. Microbiol 25, 2296-2301. [PubMed: 3323225]

Bonilla D., 2016. Nymphal /xodes pacificus tick exposure risk while recreating on trails in Henry Coe
State Park. Calif. Mosq. Vector Contr. Assoc 84, 14-18.

Bonkrude P., 2016. Shasta MVCD: 2015 year in review. Calif. Mosq. Vector Contr. Assoc 84, 133.

Ticks Tick Borne Dis. Author manuscript; available in PMC 2024 May 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eisen et al.

Page 26

Botzler RG, Albrecht J, Schaefer T, 1980. Tick paralysis in a western harvest mouse (Reithrodontomys
megalotis). J. Wildl. Dis 16, 223-224. [PubMed: 7431519]

Boyce WM, Brown RN, Zingg BC, Lefebvre RB, Lane RS, 1992. First isolation of Borrelia
burgdorferiin southern California. J. Med. Entomol 29, 496-500. [PubMed: 1625299]

Boynton WH, Woods GM, 1933. Deer as carriers of anaplasmosis. Science 78, 559-560. [PubMed:
17811937]

Brown RN, Lane RS, 1992. Lyme disease in California: a novel enzootic transmission cycle of
Borrelia burgdorferi. Science 256, 1439-1442. [PubMed: 1604318]

Browning BM, Lauppe EM, 1964. A deer study in a redwood-Douglas fir forest type. Calif. Fish Game
50, 132-147.

Brunetti OA, 1965. Tick paralysis in California deer. Calif. Fish Game 51, 208-210.

Burgdorfer W, Barbour AG, Hayes SF, Benach JL, Grunwaldt E, Davis JP, 1982. Lyme disease - a
tick-borne spirochetosis? Science 216, 1317-1319. [PubMed: 7043737]

Burgdorfer W, Lane RS, Barbour AG, Gresbrink RA, Anderson JR, 1985. The western black-legged
tick, /xodes pacificus. a vector of Borrelia burgdorferi. Am. J. Trop. Med. Hyg 34, 925-930.
[PubMed: 3898886]

Burkot TR, Clover JR, Happ CM, Debess E, Maupin GO, 1999. Isolation of Borrelia burgdorferi from
Neotoma fuscipes, Peromyscus maniculatus, Peromyscus boylil, and Ixodes pacificus in Oregon.
Am. J. Trop. Med. Hyg 60, 453-457. [PubMed: 10466976]

Casher LE, Lane RS, Barrett RH, Eisen L, 2002. Relative importance of lizards and mammals as hosts
for ixodid ticks in northern California. Exp. Appl. Acarol 26, 127-143. [PubMed: 12475082]

Castro MB, Clover JR, 2010. A comparison of visual and flagging methods for estimating adult /xodes
pacificus (Acari: Ixodidae) tick abundance. J. Vector Ecol 35, 435-438. [PubMed: 21175953]

Castro MB, Wright SA, 2007. Vertebrate hosts of /xodes pacificus (Acari: Ixodidae) in California. J.
Vector Ecol 32, 140-149. [PubMed: 17633435]

Castro MB, Hui LT, Keith RD, Dill CH, 1997. The distribution of ticks in four distinct habitats in a
nature preserve in Sonoma County. California. Calif. Mosq. Vector Contr. Assoc 65, 42-47.

CDC (Centers for Disease Control and Prevention), 2023a. Regions Where Ticks Live. Accessed 2
October, 2023. https://www.cdc.gov/ticks/geographic_distribution.html.

CDC (Centers for Disease Control and Prevention), 2023b. Tick Surveillance. Accessed 2
October2023. https://www.cdc.gov/ticks/surveillance/index.html.

CDC (Centers for Disease Control and Prevention), 2023c. Western Blacklegged Tick (/xodes
scapularis) Surveillance. Accessed 2 October, 2023. https://www.cdc.gov/ticks/surveillance/
WesternBlackleggedTick.html.

CDC (Centers for Disease Control and Prevention), 2023d. Tickborne Pathogen Surveillance.
Accessed 2 October, 2023. https://www.cdc.gov/ticks/surveillance/TickbornePathogens.html.

CDC (Centers for Disease Control and Prevention), 2023e. Surveillance Data. Accessed 2 October,
2023. https://www.cdc.gov/lyme/datasurveillance/surveillance-data.html.

Chamberlin WJ, 1937. The Ticks of Oregon. Oregon State College, Corvallis, OR, USA.

Chang CC, Chomel BB, Kasten RW, Romano V, Tietze N, 2001. Molecular evidence of Bartonella
spp. in questing adult /xodes pacificus ticks in California. J. Clin. Microbiol 39, 1221-1226.
[PubMed: 11283031]

Clarke FC, 1912. Parasites of the Black Tail Deer (Odocoileus columbianus Columbianus). University
of California, Berkeley, CA, USA. M.S. Thesis.

Clarke FC, 1913. Investigation of the large game situation in California with special reference to deer.
Game Bull 1, 6-20.

Clover JR, Lane RS, 1995. Evidence implicating nymphal /xodes pacificus (Acari: 1xodidae) in the
epidemiology of Lyme disease in California. Am. J. Trop. Med. Hyg 53, 237-240. [PubMed:
7573703]

Connolly GE, 1981. Trends in populations and harvests. In: Wallmo OC (Ed.), Mule and Black-Tailed
Deer of North America. University of Nebraska, Lincoln, NE, USA, pp. 225-243.

Cooley RA, Kohls GM, 1943. /xodes californicus Banks, 1904, /xodes pacificusn. sp., and /xodes
conepatin. sp. Pan-Pac. Entomol 19, 139-147.

Ticks Tick Borne Dis. Author manuscript; available in PMC 2024 May 01.


https://www.cdc.gov/ticks/geographic_distribution.html
https://www.cdc.gov/ticks/surveillance/index.html
https://www.cdc.gov/ticks/surveillance/WesternBlackleggedTick.html
https://www.cdc.gov/ticks/surveillance/WesternBlackleggedTick.html
https://www.cdc.gov/ticks/surveillance/TickbornePathogens.html
https://www.cdc.gov/lyme/datasurveillance/surveillance-data.html

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eisen et al.

Page 27

Cooley RA, Kohls GM, 1945. The Genus /xodes in North America. Bulletin No. United States Public
Health Service. National Institute of Health, Washington, DC, USA.

Cowan IM, 1946. Parasites, diseases, injuries, and anomalies of the Columbian black-tailed deer,
Odocoileus hemionus columbianus (Richardson), in British Columbia. Can. J. Res 24, 71-103.

Crews A, Roth T, 2020. Diversity and distribution of borreliae in San Mateo County, CA 2018-2019.
Calif. Mosq. Vector Contr. Assoc 88, 163-168.

Crooks KR, Scott CA, Angeloni L, Bowen L, Kimsey RB, Van Vuren DH, 2001. Ectoparasites of the
island fox on Santa Cruz Island. J. Wildl. Dis 37, 189-193. [PubMed: 11272496]

Crooks KR, Garcelon DK, Scott CA, Depue JE, Wilcox JT, Kimsey RB, Van Vuren DH, 2004.
Ectoparasites of a threatened insular endemic mammalian carnivore: the island spotted skunk. Am.
Midl. Nat 151, 35-41.

Davis GE, Kohls GM, 1937. Ixodes ricinus californicus (Banks) a possible vector of Bacterium
tularense. Publ. Health Rep 52, 281-282.

Davis RS, Ramirez RA, Anderson JL, Bernhardt SA, 2015. Distribution and habitat of /xodes pacificus
(Acari: Ixodidae) and prevalence of Borrelia burgdorferiin Utah. J. Med. Entomol 52, 1361-1367.
[PubMed: 26336263]

Dennis DT, Nekomoto TS, Victor JC, Paul WS, Piesman J, 1998. Reported distribution of /xodes
scapularis and /xodes pacificus (Acari: Ixodidae) in the United States. J. Med. Entomol 35, 629—
638. [PubMed: 9775584]

Dingler RJ, Wright SA, Donohue AM, Macedo PA, Foley JE, 2014. Surveillance for /xodes pacificus
and the tick-borne pathogens Anaplasma phagocytophilum and Borrelia burgdorferiin birds from
California’s Inner Coast Range. Ticks Tick Borne Dis 5, 436—445. [PubMed: 24690191]

Doggett JS, Kohlhepp S, Gresbrink R, Metz P, Gleaves C, Gilbert D, 2008. Lyme disease in Oregon. J.
Clin. Microbiol 46, 2115-2118. [PubMed: 18448697]

Durden LA, Keirans JE, 1996. Nymphs of the Genus /xodes (Acari: Ixodidae) of the United
States: Taxonomy, ldentification Key, Distribution, Hosts, and Medical/Veterinary Importance.
Entomological Society of America, Lanham, MD, USA.

Dykstra EA, Oltean HN, Kangiser D, Marsden-Haug N, Rich SM, Xu G, Lee MK, Morshed MG,
Graham CB, Eisen RJ, 2020. Ecology and epidemiology of tickborne pathogens, Washington,
USA, 2011-2016. Emerg. Infect. Dis 26, 648-657. [PubMed: 32187009]

Easton ER, 1972. A Study of Ticks (Acarina: Ixodidae) and Chiggers (Trombiculidae) From Two
Avreas in Western Oregon. Oregon State University, Corvallis, OR, USA.

Easton ER, Goulding RL, 1974. Ectoparasites in two diverse habitats in western Oregon. |. /xodes
(Acarina: Ixodidae). J. Med. Entomol 11, 413-418. [PubMed: 4423296]

Easton ER, Keirans JE, Gresbrink RA, Clifford CM, 1977. The distribution in Oregon of /xodes
pacificus, Dermacentor andersoni, and Dermacentor occidentalis with a note on Dermacentor
variabilis (Acarina: Ixodidae). J. Med. Entomol 13, 501-506. [PubMed: 845890]

Edmunds LR, 1951. A check list of the ticks of Utah. Pan-Pac. Entomol 27, 23-26.

Eisen L., 2022. Tick species infesting humans in the United States. Ticks Tick Borne Dis 13, 102025.
[PubMed: 35973261]

Eisen L, Eisen RJ, 2021. Benefits and drawbacks of citizen science to complement traditional data
gathering approaches for medically important hard ticks (Acari: Ixodidae) in the United States. J.
Med. Entomol 58, 1-9. [PubMed: 32772108]

Eisen L, Eisen RJ, 2023. Changes in the geographic distribution of the blacklegged tick, /xodes
scapularis, in the United States. Ticks Tick Borne Dis 14, 102233. [PubMed: 37494882]

Eisen L, Eisen RJ, Lane RS, 2002. Seasonal activity patterns of /xodes pacificus nymphs in relation to
climatic conditions. Med. Vet. Entomol 16, 235-244. [PubMed: 12243224]

Eisen L, Eisen RJ, Chang CC, Mun J, Lane RS, 2004a. Acarologic risk of exposure to Borrelia
burgdorferi spirochaetes: long-term evaluations in north-western California, with implications for
Lyme borreliosis risk-assessment models. Med. Vet. Entomol 18, 38—49. [PubMed: 15009444]

Eisen L, Eisen RJ, Lane RS, 2004b. The roles of birds, lizards, and rodents as hosts for the western
black-legged tick /xodes pacificus. J. \ector Ecol 29, 295-308. [PubMed: 15709249]

Ticks Tick Borne Dis. Author manuscript; available in PMC 2024 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eisen et al.

Page 28

Eisen L, Eisen RJ, Lane RS, 2006a. Geographical distribution patterns and habitat suitability models
for presence of host-seeking ixodid ticks in dense woodlands of Mendocino County. California. J.
Med. Entomol 43, 415-427. [PubMed: 16619628]

Eisen RJ, Paddock CD, 2021. Tick and tickborne pathogen surveillance as a public health tool in the
United States. J. Med. Entomol 58, 1490-1502. [PubMed: 32440679]

Eisen RJ, Eisen L, Lane RS, 2001. Prevalence and abundance of /xodes pacificus immatures
(Acari: Ixodidae) infesting western fence lizards (Sceloporus occidentalis) in northern California:
temporal trends and environmental correlates. J. Parasitol 87, 1301-1307. [PubMed: 11780813]

Eisen RJ, Eisen L, Castro MB, Lane RS, 2003. Environmentally related variability in risk of exposure
to Lyme disease spirochetes in northern California: effect of climatic conditions and habitat type.
Environ. Entomol 32, 1010-1018.

Eisen RJ, Eisen L, Lane RS, 2004c. Habitat-related variation in infestation of lizards and rodents
with /xodesticks in dense woodlands in Mendocino County. California. Exp. Appl. Acarol 33,
215-233. [PubMed: 15347025]

Eisen RJ, Mun J, Eisen L, Lane RS, 2004d. Life stage-related differences in density of questing ticks
and infection with Borrelia burgdorferi sensu lato within a single cohort of /xodes pacificus (Acari:
Ixodidae). J. Med. Entomol 41, 768-773. [PubMed: 15311473]

Eisen RJ, Eisen L, Lane RS, 2006b. Predicting density of /xodes pacificus nymphs in dense woodlands
in Mendocino County, California, based on geographic information systems and remote sensing
versus field-derived data. Am. J. Trop. Med. Hyg 74, 632-640. [PubMed: 16606998]

Eisen RJ, Eisen L, Beard CB, 2016a. County-scale distribution of /xodes scapularis and Ixodes
pacificus (Acari: Ixodidae) in the Continental United States. J. Med. Entomol 53, 349-386.
[PubMed: 26783367]

Eisen RJ, Eisen L, Ogden NH, Beard CB, 2016b. Linkages of weather and climate with /xodes
scapularis and /xodes pacificus (Acari: Ixodidae), enzootic transmission of Borrelia burgdorferr,
and Lyme disease in North America. J. Med. Entomol 53, 250-261. [PubMed: 26681789]

Eisen RJ, Feirer S, Padgett KA, Hahn MB, Monaghan AJ, Kramer VL, Lane RS, Kelly M, 2018.
Modeling climate suitability of the western blacklegged tick in California. J. Med. Entomol 55,
1133-1142. [PubMed: 29697837]

Eshoo MW, Carolan HE, Massire C, Chou DM, Crowder CD, Rounds MA, Phillipson CA, Schutzer
SE, Ecker DJ, 2015. Survey of /xodes pacificusticks in California reveals a diversity of
microorganisms and a novel and widespread anaplasmataceae species. PLoS ONE 10, e0135828.
[PubMed: 26375033]

Fedorova N, Kleinjan JE, James D, Hui LT, Peeters H, Lane RS, 2014. Remarkable diversity of tick
or mammalian-associated borreliae in the metropolitan San Francisco Bay Area, California. Ticks
Tick Borne Dis 5, 951-961. [PubMed: 25129859]

Fleer KA, Foley P, Calder L, Foley JE, 2011. Arthropod vectors and vector-borne bacterial pathogens
in Yosemite National Park. J. Med. Entomol 48, 101-110. [PubMed: 21337955]

Fleshman AC, Graham CB, Maes SE, Foster E, Eisen RJ, 2021. Reported county-level distribution of
Lyme disease spirochetes, Borrelia burgdorferi sensu stricto and Borrelia mayonii (Spirochaetales:
Spirochaetaceae), in host-seeking /xodes scapularis and Ixodes pacificus ticks (Acari: Ixodidae) in
the contiguous United States. J. Med. Entomol 58, 1219, 123. [PubMed: 33600574]

Foley JE, Nieto NC, 2011. The ecology of tick-transmitted infections in the redwood chipmunk
(7amias ochrogenys). Ticks Tick Borne Dis 2, 88-93. [PubMed: 21643481]

Foley J, Piovia-Scott J, 2014. Vector biodiversity did not associate with tick-borne pathogen prevalence
in small mammal communities in northern and central California. Ticks Tick Borne Dis 5, 299—
304. [PubMed: 24582513]

Foley JE, Foley P, Jecker M, Swift PK, Madigan JE, 1999. Granulocytic ehrlichiosis and tick
infestation in mountain lions in California. J. Wildl. Dis 35, 703-709. [PubMed: 10574529]

Foley JE, Nieto NC, Clueit SB, Foley P, Nicholson WN, Brown RN, 2007. Survey for zoonotic
rickettsial pathogens in northern flying squirrels, Glaucomys sabrinus, in California. J. Wildl. Dis
43, 684—689. [PubMed: 17984264]

Ticks Tick Borne Dis. Author manuscript; available in PMC 2024 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eisen et al.

Page 29

Foley JE, Rejmanek D, Fleer K, Nieto NC, 2011. Nidicolous ticks of small mammals in Anaplasma
phagocytophilum-enzootic sites in northern California. Ticks Tick Borne Dis 2, 75-80. [PubMed:
21686062]

Foley JE, Hasty JM, Lane RS, 2016. Diversity of rickettsial pathogens in Columbian black-tailed deer
and their associated keds (Diptera: Hippoboscidae) and ticks (Acari: Ixodidae). J. Vector Ecol 41,
41-47. [PubMed: 27232123]

Fritz CL, Bronson LR, Smith CR, Crawford-Miksza L, Yeh E, Schnurr D, 2005. Clinical,
epidemiologic, and environmental surveillance for ehrlichiosis and anaplasmosis in an endemic
area of northern California. J. Vector Ecol 30, 4-10. [PubMed: 16007950]

Fukunaga M, Yabuki M, Hamase A, Oliver JH Jr., Nakao M, 2000. Molecular phylogenetic analysis
of ixodid ticks based on the ribosomal DNA spacer, internal transcribed spacer 2, sequences. J.
Parasitol 86, 38—43. [PubMed: 10701561]

Fulbright TE, 2011. Managing white-tailed deer: western North America. In: Hewitt DG (Ed.),
Biology and Management of White-Tailed Deer. CRC Press, New York, NY, USA, pp. 537-563.

Furman DP, Loomis EC, 1984. The ticks of California (Acari: Ixodida). Bull. Calif. Insect Surv 25,
1-239.

Gabriel MW, Brown RN, Foley JE, Mark Higley J, Botzler RG, 2009. Ecology of Anaplasma
phagocytophilum infection in gray foxes (Urocyon cinereoargenteus) in northwestern California. J.
Wildl. Dis 45, 344-354. [PubMed: 19395744]

Garcia R., 1962. Carbon dioxide as an attractant for certain ticks (Acarina: Argasidae and Ixodidae).
Ann. Entomol. Soc. Am 55, 605-606.

Garrett LE, Haramoto FH, 1967. A catalog of Hawaiian Acarina. Proc. Hawaii. Entomol. Soc 19,
381-414.

Gavin TA, 1984. Whitetail populations and habitats: Pacific Northwest. In: Halls LK (Ed.), White-
Tailed Deer: Ecology and Management. Stackpole Books, Harrisburg, PA, USA, pp. 487-496.

Goldberg SR, Bursey CR, 1991. Duration of attachment by mites and ticks on the iguanid lizards
Sceloporus graciosus and Ulta stansburiana. J. Wildl. Dis 27, 719-722. [PubMed: 1758043]

Gregson JD, 1935. A preliminary report of the lizard-tick relationship on the coast of British
Columbia. Proc. Entomol. Soc. Br. Columb 31, 17-21.

Gregson JD, 1942. The coast tick (/xodes californicus Banks) problem in British Columbia. Can.
Entomol 74, 3-5.

Gregson JD, 1956. The Ixodoidea of Canada. Canada Department of Agriculture, Ottowa, Canada.

Guglielmone AA, Nava S, 2014. Names for Ixodidae (Acari: Ixodoidea): valid, synonyms, /incertae
sedlis, nomina dubia, nomina nuda, lapsus, incorrect and suppressed names - with notes on
confusions and misidentifications. Zootaxa 3767, 1-256. [PubMed: 24871038]

Guzman-Cornejo C, Robbins RG, 2010. The genus /xodes (Acari: Ixodidae) in Mexico: adult
identification keys, diagnoses, hosts and distribution. Rev. Mex. Biodivers 81, 289-298.

Hacker GM, Jackson BT, Niemela M, Andrews ES, Danforth ME, Pakingan MJ, Novak MG,

2021. A comparison of questing substrates and environmental factors that influence nymphal
Ixodes pacificus (Acari: Ixodidae) abundance and seasonality in the Sierra Nevada foothills of
California. J. Med. Entomol 58, 1880-1890. [PubMed: 33860326]

Hahn MB, Jarnevich CS, Monaghan AJ, Eisen RJ, 2016. Modeling the geographic distribution of
Ixodes scapularis and Ixodes pacificus (Acari: Ixodidae) in the contiguous United States. J. Med.
Entomol 53, 1176-1191. [PubMed: 27282813]

Hahn MB, Disler G, Durden LA, Coburn S, Witmer F, George W, Beckmen K, Gerlach R, 2020.
Establishing a baseline for tick surveillance in Alaska: tick collection records from 1909-2019.
Ticks Tick Borne Dis 11, 101495. [PubMed: 32723642]

Hahn MB, Feirer S, Monaghan AJ, Lane RS, Eisen RJ, Padgett KA, Kelly M, 2021. Modeling
future climate suitability for the western blacklegged tick, /xodes pacificus, in California with an
emphasis on land access and ownership. Ticks Tick Borne Dis 12, 101789. [PubMed: 34280699]

Hearle E., 1938. The ticks of British Columbia. Sci. Agric 18, 341-354.

Heffelfinger JR, Latch EK, 2023. Origin, classification, and distribution. In: Heffelfinger JR,
Krausman PR (Eds.), Ecology and Management of Black-tailed and Mule Deer of North
America. CRC Press, New York, NY, USA, pp. 3-24.

Ticks Tick Borne Dis. Author manuscript; available in PMC 2024 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eisen et al.

Page 30

Holden K, Boothby JT, Anand S, Massung RF, 2003. Detection of Borrelia burgdorferi, Ehrlichia
chafffeensis, and Anaplasma phagocytophilum in ticks (Acari: Ixodidae) from a coastal region of
California. J. Med. Entomol 40, 534-539. [PubMed: 14680123]

Holden K, Boothby JT, Kasten RW, Chomel BB, 2006. Co-detection of Bartonella henselae, Borrelia
burgdorferi, and Anaplasma phagocytophilumin Ixodes pacificus ticks from California, USA.
Vector Borne Zoonotic Dis 6, 99-102. [PubMed: 16584332]

Holdenried R, Evans FC, Longanecker DS, 1951. Host-parasite-disease relationships in a mammalian
community in the central Coast Range of California. Ecol. Monogr 21, 1-18.

Hooker WA, Bishopp FC, Wood HP, 1912. The Life History and Bionomics of Some North American
Ticks. United States Department of Agriculture, Bureau of Entomology, Washington, DC, USA.
Bulletin No.

Hu R, Spano R, Rood M, Walker TW, Linthicum KJ, 2004a. Temporal distribution of adult /xodes
pacificus at Griffith Park, Los Angeles County Proc. Calif. Mosg. Vector Contr. Assoc 72, 61-62.

Hu R, Murray H, Hess B, Walker TW, Linthicum KJ, 2004b. Seasonal abundance of adult /xodes
pacificus in the San Jacinto Mountains, Riverside County. Proc. Calif. Mosq. Vector Contr. Assoc
72, 73-76.

Hughes LE, Clifford CM, Gresbrink R, Thomas LA, Keirans JE, 1976. Isolation of a spotted fever
group rickettsia from the Pacific Coast tick, /xodes pacificus. Oregon. Am. J. Trop. Med. Hyg 25,
513-516. [PubMed: 937637]

Hui LT, Pontiflet E, Scott HA, 1998. Habitat and seasonal abundance of ticks in urban recreation areas
of Alameda County, California, 1992-1996. Proc. Calif. Mosg. Vector Contr. Assoc 66, 56—66.

Hui LT, Castro MB, Clover J, Thompson MA, Husted S, 2004. Summary of /xodes pacificus
surveillance and testing for Borrelia burgdorferiin California. Proc. Calif. Mosq. Vector Contr.
Assoc 72, 77-83.

James DK, Mendoza S, Hui L, 2022. Movement of /xodes pacificus and Dermacentor occidentalis
(Acari: Ixodidae) adult ticks in chaparral under natural conditions in northern California, U.S.A.
J. Vector Ecol 47, 188-194. [PubMed: 36314673]

Jellison WL, 1934. The parasitism of lizards by /xodes ricinus californicus. J. Parasitol 20, 243.

Jensen WF, Bleich VC, Whittaker DG, 2023. Historical trends in black-tailed deer, mule deer, and their
habits. In: Heffelfinger JR, Krausman PR (Eds.), Ecology and Management of Black-tailed and
Mule Deer of North America. CRC Press, New York, NY, USA, pp. 25-42.

Johnson DE, 1966. Ticks of Dugway Proving Ground and vicinity and their host associations. Proc.
Utah Acad. Sci. Arts Lett 43, 49-66.

Kain DE, Sperling FAH, Lane RS, 1997. Population genetic structure of /xodes pacificus (Acari:
Ixodidae) using allozymes. J. Med. Entomol 34, 441-450. [PubMed: 9220679]

Kain DE, Sperling FAH, Daly HV, Lane RS, 1999. Mitochondrial DNA sequence variation in /xodes
pacificus (Acari: Ixodidae). Heredity 83, 378-386. [PubMed: 10583539]

Keirans JE, Needham GR, Oliver JH Jr., 1999. The /xodes ricinus complex worldwide: diagnosis
of the species in the complex, hosts and distribution. In: Needham GR, Mitchell R, Horn DJ,
Welbourn WC (Eds.), Acarology IX, 2. Ohio Biological Survey, Columbus, Ohio, USA, pp.
341-347.

Kirkpatrick B, Biswas S, Kleinjan JE, Fedorova N, James D, Gay R, Hui LT, 2017. The possible
role of invasive Hedera (ivy) species in the amplification of /xodes pacificus abundance and
prevalence of Borrelia burgdorferi sensu stricto in a park in Oakland, CA. Calif. Mosq. Vector
Contr. Assoc 85, 95-96.

Kleinjan JE, James DK, Sussman S, de Villa A, 2019. Geospatial risk of encountering /xodes pacificus
nymphs in Alameda County, California: morning dryness determines bio-geographic boundaries
in a semiarid climate. Calif. Mosg. Vector Contr. Assoc 87, 134-138.

Kohls GM, Cooley RA, 1937. North American records of the tick /xodes californicus (Banks). Publ.
Health Rep 52, 282-284.

Kramer VL, Beesley C, 1993. Temporal and spatial distribution of /xodes pacificus and Dermacentor
occidentalis (Acari: Ixodidae) and prevalence of Borrelia burgdorferiin Contra Costa County,
California. J. Med. Entomol 30, 549-554. [PubMed: 8510115]

Ticks Tick Borne Dis. Author manuscript; available in PMC 2024 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eisen et al.

Page 31

Kramer VL, Randolph MP, Hui LT, Irwin WE, Gutierrez AG, Vugia DJ, 1999. Detection of the
agents of human ehrlichioses in ixodid ticks from California. Am. J. Trop. Med. Hyg 60, 62—65.
[PubMed: 9988324]

Lane RS, 1990a. Susceptibility of the western fence lizard (Sceloporus occidentalis) to the Lyme
borreliosis spirochete (Borrelia burgdorferi). Am. J. Trop. Med. Hyg 42, 75-82. [PubMed:
2301709]

Lane RS, 1990b. Infection of deer mice and pifion mice (Peromyscus spp.) with spirochetes at a focus
of Lyme borreliosis in northern California, U.S.A. Bull. Soc. Vector Ecol 15, 25-32.

Lane RS, 1990c. Seasonal activity of two human-biting ticks. Calif. Agric 44, 23-25.

Lane RS, 1992. Borrelia burgdorferiin ticks on Angel Island, California: low risk of human infection.
Bull. Soc. Vector Ecol 17, 75-82.

Lane RS, 1996. Risk of human exposure to vector ticks (Acari: Ixodidae) in a heavily used recreational
area in northern California. Am. J. Trop. Med. Hyg 55, 165-173.

Lane RS, Burgdorfer W, 1986. Potential role of native and exotic deer and their associated ticks (Acari:
Ixodidae) in the ecology of Lyme disease in California. USA. Zbl. Bakt. Hyg. A 263, 55-64.

Lane RS, Burgdorfer W, 1987. Transovarial and transstadial passage of Borrelia burgdorferiin the
western black-legged tick, /xodes pacificus (Acari: Ixodidae). Am. J. Trop. Med. Hyg 37, 188—
192. [PubMed: 3605502]

Lane RS, Burgdorfer W, 1988. Spirochetes in mammals and ticks (Acari: Ixodidae) from a focus of
Lyme borreliosis in California. J. Wildl. Dis 24, 1-9. [PubMed: 3280837]

Lane RS, Lavoie PE, 1988. Lyme borreliosis in California. Acarological, clinical, and epidemiological
studies. Ann. N.Y. Acad. Sci 539, 192-203. [PubMed: 3263826]

Lane RS, Loye JE, 1989. Lyme disease in California: interrelationship of /xodes pacificus (Acari:
Ixodidae), the western fence lizard (Sceloporus occidentalis), and Borrelia burgdorferi. J. Med.
Entomol 26, 272-278. [PubMed: 2769705]

Lane RS, Loye JE, 1991. Lyme disease in California: interrelationship of ixodid ticks (Acari), rodents,
and Borrelia burgdorferi. J. Med. Entomol 28, 719-725. [PubMed: 1941942]

Lane RS, Pascocello JA, 1989. Antigenic characteristics of Borrelia burgdorferiisolates from ixodid
ticks in California. J. Clin. Microbiol 27, 2344-2349. [PubMed: 2685030]

Lane RS, Stubbs HA, 1990. Host-seeking behavior of adult /xodes pacificus (Acari: 1xodidae) as
determined by flagging vegetation. J. Med. Entomol 27, 282-287. [PubMed: 2332872]

Lane RS, Emmons RW, Dondero DV, Nelson BC, 1981. Ecology of tick-borne agents in California. I.
Spotted fever group rickettsiae. Am. J. Trop. Med. Hyg 30, 239-252. [PubMed: 7212168]

Lane RS, Miller SE, Collins PW, 1982. Ticks (Acari: Argasidae and Ixodidae) from the California
Channel Islands. Pan-Pac. Entomol 58, 96-104.

Lane RS, Piesman J, Burgdorfer W, 1991. Lyme borreliosis: relation of its causative agent to its vectors
and hosts in North America and Europe. Annu. Rev. Entomol 36, 587-609. [PubMed: 2006870]

Lane RS, Manweiler SA, Stubbs HA, Lennette ET, Madigan JE, Lavoie PE, 1992. Risk factors for
Lyme disease in a small rural community in northern California. Am. J. Epidemiol 136, 1358—
1368. [PubMed: 1488962]

Lane RS, Foley JE, Eisen L, Lennette ET, Peot MA, 2001. Acarologic risk of exposure to emerging
tick-borne bacterial pathogens in a semirural community in northern California. Vector Borne
Zoonotic Dis 1, 197-210. [PubMed: 12653148]

Lane RS, Mun J, Eisen RJ, Eisen L, 2005a. Western gray squirrel (Rodentia: Sciuridae): a primary
reservoir host of Borrelia burgdorferiin Californian oak woodlands? J. Med. Entomol 42, 388-
396. [PubMed: 15962792]

Lane RS, Mun J, Parker JM, White M, 2005b. Columbian black-tailed deer (Odocoileus hemionus
columbianus) as hosts for Borrelia spp. in northern California. J. Wildl. Dis 41, 115-125.
[PubMed: 15827217]

Lane RS, Kucera TF, Barrett RH, Mun J, Wu C, Smith VS, 2006. Wild turkey (Meleagris gallopavo)
as a host of ixodid ticks, lice, and Lyme disease spirochetes (Borrelia burgdorferi sensu lato) in
California state parks. J. Wildl. Dis 42, 759-771. [PubMed: 17255442]

Ticks Tick Borne Dis. Author manuscript; available in PMC 2024 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eisen et al.

Page 32

Lane RS, Mun J, Peribafiez MA, Stubbs HA, 2007. Host-seeking behavior of /xodes pacificus (Acari:
Ixodidae) nymphs in relation to environmental parameters in dense-woodland and woodland-
grass habitats. J. Vector Ecol 32, 342-357. [PubMed: 18260527]

Lane RS, Mun J, Peribafiez MA, Fedorova N, 2010. Differences in prevalence of Borrelia burgdorferi
and Anaplasma spp. infection among host-seeking Dermacentor occidentalis, Ixodes pacificus,
and Ornithodoros coriaceus ticks in northwestern California. Ticks Tick Borne Dis 1, 159-167.
[PubMed: 21359090]

Lane RS, Fedorova N, Kleinjan JE, Maxwell M, 2013. Eco-epidemiological factors contributing to the
low risk of human exposure to ixodid tick-borne borreliae in southern California, USA. Ticks
Tick Borne Dis 4, 377-385. [PubMed: 23643357]

Lang JD, 1999. Ixodid ticks (Acari, Ixodidae) found in San Diego County, California. J. Vector Ecol
24, 61-69. [PubMed: 10436879]

Li X, Peavey CA, Lane RS, 2000. Density and spatial distribution of /xodes pacificus (Acari: Ixodidae)
in two recreational areas in north coastal California. Am. J. Trop. Med. Hyg 62, 415-422.
[PubMed: 11037789]

Li X, Tian H, Pan S, Lu C, 2023. Four-century history of land transformation by humans in the United
States: 1630-2020. Earth Syst. Sci. Data 15, 1005-1035.

Lilly M, Amaya-Mejia W, Pavan L, Peng C, Crews A, Tran N, Sehgal R, Swei A, 2022. Local
community composition drives avian Borrelia burgdorferi infection and tick infestation. Vet. Sci
9, 55. [PubMed: 35202308]

Lindquist EE, Galloway TD, Artsob H, Lindsay LR, Drebot M, Wood H, Robbins RG, 2016. A
Handbook to the Ticks of Canada (Ixodida: Ixodidae, Argasidae). Biological Survey of Canada,
Victoria, Canada.

Linsdale JM, Tevis LP Jr., 1951. The Dusky-Footed Woodrat. A Record of Observations Made on the
Hastings Natural History Reservation. University of California Press, Berkeley, CA, USA.

Linsdale JM, Tomich PQ, 1953. A Herd of Mule Deer — A Record of Observations Made On The
Hastings Natural History Reservation. University of California Press, Berkeley, CA, USA.

Longhurst WM, Douglas JR, 1953. Parasite interrelationships of domestic sheep and Columbian
back-tailed deer. Trans. N. Am. Wildl. Conf 18, 168-187.

Longhurst WM, Leopold AS, Dasmann RF, 1952. A Survey of California Deer Herds: Their Ranges
and Management Problems. University of California, Berkeley, CA, USA.

Longhurst WM, Garton EO, Heady HF, Connolly GE, 1976. The California deer decline and
possibilities for restoration. Trans. West. Sect. Wildl. Soc 12, 1-41.

Lopez-Pérez AM, Chaves A, Sanchez-Montes S, Foley P, Uhart M, Barron-Rodriguez J, Becker 1,
Suzén G, Foley J, 2020. Diversity of rickettsiae in domestic, synanthropic, and sylvatic mammals
and their ectoparasites in a spotted fever-epidemic region at the western US-Mexico border.
Transbound. Emerg. Dis 69, 609-622.

Lopez-Pérez AM, Plourde B, Smith K, Rubino F, Pascoe E, Smith O, Foley J, 2021. Impacts of
timber harvest on communities of small mammals, ticks, and tick-borne pathogens in a high-risk
landscape in northern California. J. Med. Entomol 58, 1171-1187. [PubMed: 33459790]

Loye JE, Lane RS, 1988. Questing behavior of /xodes pacificus (Acari: Ixodidae) in relation to
meteorological and seasonal factors. J. Med. Entomol 25, 391-398. [PubMed: 3193432]

Lumbad AS, Vredevoe LK, Taylor EN, 2011. Season and sex of host affect intensities of ectoparasites
in western fence lizards (Sceloporus occidentalis) on the central coast of California. Southwest.
Nat 56, 369-377.

MacDonald AJ, 2018. Abiotic and habitat drivers of tick vector abundance, diversity, phenology and
human encounter risk in southern California. PLoS ONE 13, e0201665. [PubMed: 30063752]

MacDonald AJ, Briggs CJ, 2016. Truncated seasonal activity patterns of the western blacklegged
tick (/xodes pacificus) in central and southern California. Ticks Tick Borne Dis 7, 234-242.
[PubMed: 26564403]

MacDonald AJ, Hyon DW, Brewington JB, O’Connor KE, Swei A, Briggs CJ, 2017. Lyme disease
risk in southern California: abiotic and environmental drivers of /xodes pacificus (Acari:
Ixodidae) density and infection prevalence with Borrelia burgdorferi. Parasit. Vectors 10, 7.
[PubMed: 28057067]

Ticks Tick Borne Dis. Author manuscript; available in PMC 2024 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eisen et al.

Page 33

MacDonald AJ, O’Neill C, Yoshimizu MH, Padgett KA, Larsen AE, 2019. Tracking seasonal activity
of the western blacklegged tick across California. J. Appl. Ecol 56, 2562-2573.

MacDonald AJ, Weinstein SB, O’Connor KE, Swei A, 2020a. Circulation of tick-borne spirochetes in
tick and small mammal communities in Santa Barbara County, California, USA. J. Med. Entomol
57, 1293-1300. [PubMed: 31943036]

MacDonald AJ, McComb S, O’Neill C, Padgett KA, Larsen AE, 2020b. Projected climate and land use
change alter western blacklegged tick phenology, seasonal host-seeking suitability and human
encounter risk in California. Glob. Change Biol 26, 5459-5474.

MacDonald WP, Cook VJ, Barbour AG, 2016. Borrelia spirochete loads in /xodes pacificus ticks of
San Mateo County, California. Calif. Mosq. Vector Contr. Assoc 84, 28-32.

Mackie RJ, 1987. Mule deer. In: Kallman H (Ed.), Restoring America’s Wildlife, 1937-1987. The
First 50 Years of the Federal Aid in Wildlife Restoration (Pittman-Roberson) Act. United States
Department of the Interior Fish and Wildlife Service, Washington, D.C., USA, pp. 265-271.

Mak S, Morshed M, Henry B, 2010. Ecological niche modeling of Lyme disease in British Columbia.
Canada. J. Med. Entomol 47, 99-105. [PubMed: 20180315]

Manweiler SA, Lane RS, Block WM, Morrison ML, 1990. Survey of birds and lizards for ixodid
ticks (Acari) and spirochetal infection in northern California. J. Med. Entomol 27, 1011-1015.
[PubMed: 2280384]

Manweiler SA, Lane RS, Tempelis CH, 1992. The western fence lizard Sceloporus occidentalrs.
evidence of field exposure to Borrelia burgdorferiin relation to infestation by /xodes pacificus
(Acari: Ixodidae). Am. J. Trop. Med. Hyg 47, 328-336. [PubMed: 1524146]

Marchette NJ, Bushman JB, Parker DP, Johnson EE, 1962. Studies on infectious diseases in wild
animals in Utah. IV. A wild rodent (Peromyscus spp.) plague focus in Utah. Zoonoses Res 19,
341-361.

Margos G, Fedorova N, Kleinjan JE, Hartberger C, Schwan TG, Sing A, Fingerle V, 2017. Borrelia
lanei sp. nov. extends the diversity of Borrelia species in California. Int. J. Syst. Evol. Microbiol
67, 3872-3876. [PubMed: 28884668]

McVicar M, Rivera I, Reyes JB, Gulia-Nuss M, 2022. Ecology of /xodes pacificus ticks and associated
pathogens in the western United States. Pathogens 11, 89. [PubMed: 35056037]

Meyers HB, Moore DF, Gellert G, Euler GL, Prendergast TJ, Badri M, Webb JP, Fogarty CL, 1992.
Isolation of Borrelia burgdorferifrom ticks in southern California. West. J. Med 157, 455-456.
[PubMed: 1462548]

Mohr CO, Beck DE, Brinton EP, 1964. Observations on host-parasite relationships and seasonal
history of ticks in San Mateo County, California. Great Basin Nat. 24, 1-6.

Monsen SE, Hazeltine WE, Henderson TL, 1990. Lyme borreliosis surveillance in Butte County,
California. Bull. Soc. Vector Ecol 15, 63-72.

Monsen SE, Hazeltine WE, Henderson TL, Thomas SD, 1992. Small animal and human infestation by
immature and adult /xodes pacificus in Butte County, California. Proc. Calif. Mosq. Vector Contr.
Assoc 60, 61-66.

Morshed MG, Lee MK, Boyd E, Mak S, Fraser E, Nguyen J, Dykstra EA, Otterstatter M, Henry B,
Galanis E, 2021. Passive tick surveillance and detection of Borrelia species in ticks from British
Columbia, Canada: 2002-2018. Vector Borne Zoonotic Dis 21, 490-497. [PubMed: 33826423]

Nakano A, Roth T, Sebay T, Shelton T, Crews A, 2021. Assessing tick risk at schools in San Mateo
County: leveraging surveillance to improve tick safety education. Calif. Mosg. Vector Contr.
Assoc 89, 50-51.

Naversen DN, Gardner LW, 1978. Erythema chronicum migrans in America. Arch. Dermatol 114,
253-254. [PubMed: 629552]

Nelson BC, 1973. Tick paralysis in a dog caused by /xodes pacificus Cooley and Kohls (Acarina:
Ixodidae). Calif. Vector Views 20, 80-82.

NEON (National Ecological Observatory Network), 2023. Ticks Sampled Using Drag Cloths
(DP1.10093.001). Accessed 25 October, 2023. https://data.neonscience.org.

Neumann LG, 1896. Revision de la famille des Ixodidés. Mém. Soc. Zool. France 9, 1-372.

Ticks Tick Borne Dis. Author manuscript; available in PMC 2024 May 01.


https://data.neonscience.org

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eisen et al.

Page 34

Nicholson WL, Castro MB, Kramer VL, Sumner JW, Childs JE, 1999. Dusky-footed wood rats
(Neotoma fuscipes) as reservoirs of granulocytic ehrlichiae (Rickettsiales: Ehrlichieae) in
northern California. J. Clin. Microbiol 37, 3323-3327. [PubMed: 10488199]

Nieto NC, Foley JE, 2008. Evaluation of squirrels (Rodentia: Sciuridae) as ecologically significant
hosts for Anaplasma phagocytophilum in California. J. Med. Entomol 45, 763-769. [PubMed:
18714881]

Nieto NC, Foley JE, 2009. Reservoir competence of the redwood chipmunk ( 7amias ochrogenys) for
Anaplasma phagocytophilum. \ector Borne Zoonotic Dis 9, 573-577. [PubMed: 19327022]

Nieto NC, Salkeld DJ, 2016. Epidemiology and genetic diversity of Anaplasma phagocytophilum in
the San Francisco Bay Area. California. Am. J. Trop. Med. Hyg 95, 50-54. [PubMed: 27139447]

Nieto NC, Dabritz H, Foley P, Drazenovich N, Calder L, Adjemian J, Conrad PA, Foley JE, 2007.
Ectoparasite diversity and exposure to vector-borne disease agents in wild rodents in central
coastal California. J. Med. Entomol 44, 328-335. [PubMed: 17427705]

Nieto NC, Foley JE, Bettaso J, Lane RS, 2009. Reptile infection with Anaplasma phagocytophilum,
the causative agent of granulocytic anaplasmosis. J. Parasitol 95, 1165-1170. [PubMed:
19281295]

Nieto NC, Holmes EA, Foley JE, 2010. Survival rates of immature /xodes pacificus (Acari: Ixodidae)
ticks estimated using field-placed enclosures. J. Vector Ecol 35, 43-49. [PubMed: 20618646]

Nuttall GHF, Warburton C, Cooper WF, Robinson LE, 1911. Ticks. A Monograph of the Ixodoidea.
Cambridge University Press, London, UK.

Olson CA, Cupp EW, Luckhart S, Ribeiro JM, Levy C, 1992. Occurrence of /xodes pacificus
(Parasitiformes: Ixodidae) in Arizona. J. Med. Entomol 29, 1060-1062. [PubMed: 1460624]

Olson PE, Richards AL, Dasch GA, Kennedy CA, 1993. Failure to identify Borrelia burgdorferiin
southern California ticks by DNA amplification. J. Infect. Dis 168, 257-258. [PubMed: 8515128]

Oshorne CJ, Wakeman-Hill AJ, Loa SE, Crosbie PR, van Laar TA, 2020. Rickettsiaspp. in five tick
species collected in central California. J. Med. Entomol 57, 1596-1603. [PubMed: 32322900]

Osebold JW, Douglas JR, Christensen JF, 1962. Transmission of anaplasmosis to cattle by ticks
obtained from deer. Am. J. Vet. Res 23, 21-23. [PubMed: 14482477]

Osikowicz LM, Rizzo MR, Hojgaard A, Maes SE, Eisen RJ, 2024. Detection of Borrelia burgdorferi
sensu lato species in host-seeking /xodes species ticks in the United States. Ticks Tick Borne Dis
15, 102270. [PubMed: 37813001]

Paddock CD, Slater K, Swei A, Zambrano ML, Kleinjan JE, Padgett KA, Saunders MEM, Andrews
ES, Trent E, Zhong J, Sambado S, Goldsmith CS, Pascoe EL, Foley J, Lane RS, Karpathy SE,
2022. Detection and isolation of Rickettsia tillamookensis (Rickettsiales: Rickettsiaceae) from
Ixodes pacificus (Acari: Ixodidae) from multiple regions of California. J. Med. Entomol 59,
1404-1412. [PubMed: 35468215]

Padgett KA, Bonilla DL, 2011. Novel exposure sites for nymphal /xodes pacificus within picnic areas.
Ticks Tick Borne Dis 2, 191-195. [PubMed: 22108011]

Padgett K, Bonilla D, Kjemtrup A, Vilcins IM, Yoshimizu MH, Hui L, Sola M, Quintana M, Kramer
V, 2014. Large scale spatial risk and comparative prevalence of Borrelia miyamotoi and Borrelia
burgdorferisensu lato in /xodes pacificus. PLoS ONE 9, e110853. [PubMed: 25333277]

Parker RR, Philip CB, Davis GE, Cooley RA, 1937. Ticks of the United States in relation to disease in
man. J. Econ. Entomol 30, 51-69.

Peavey CA, Lane RS, Kleinjan JE, 1997. Role of small mammals in the ecology of Borrelia
burgdorferiin a peri-urban park in north coastal California. Exp. Appl. Acarol 21, 569-584.
[PubMed: 9291589]

Phan JN, Lu CR, Bender GW, Smoak |1l RM, Zhong J, 2011. Molecular detection and identification
of Rickettsia species in Ixodes pacificusin California. Vector Borne Zoonotic Dis 11, 957-961.
[PubMed: 21413886]

Philip RN, Lane RS, Casper EA, 1981. Serotypes of tick-borne spotted fever group rickettsiae from
western California. Am. J. Trop. Med. Hyg 30, 722-727. [PubMed: 6789691]

Porter WT, Barrand ZA, Wachara J, DaVall K, Mihaljevic JR, Pearson T, Salkeld DJ, Nieto NC, 2021.
Predicting the current and future distribution of the western black-legged tick, /xodes pacificus,

Ticks Tick Borne Dis. Author manuscript; available in PMC 2024 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eisen et al.

Page 35

across the western US using citizen science collections. PLoS ONE 16, e0244754. [PubMed:
33400719]

Rejmanek D, Nieto NC, Barash N, Foley JE, 2011. Temporal patterns of tick-borne granulocytic
anaplasmosis in California. Ticks Tick Borne Dis 2, 81-87. [PubMed: 21771541]

Reubel GH, Kimsey RB, Barlough JE, Madigan JE, 1998. Experimental transmission of EhArlichia equi
to horses through naturally infected ticks (/xodes pacificus) from northern California. J. Clin.
Microbiol 36, 2131-2134. [PubMed: 9650983]

Rose I, Yoshimizu MH, Bonilla DL, Fedorova N, Lane RS, Padgett KA, 2019. Phylogeography
of Borrelia spirochetes in /xodes pacificus and Ixodes spinipalpis ticks highlights differential
acarological risk of tick-borne disease transmission in northern versus southern California. PLoS
ONE 14, e0214726. [PubMed: 30946767]

Rudenko N, Golovchenko M, Grubhoffer L, Oliver JH Jr., 2011. Updates on Borrelia burgdorferi
sensu lato complex with respect to public health. Ticks Tick Borne Dis 2, 123-128. [PubMed:
21890064]

Ryan BM, Koschik ML, Nelms BM, Scott JJ, 2016. Tickborne disease in Lake County, CA 1995-2015.
Calif. Mosq. Vector Contr. Assoc 84, 149-152.

Ryckman RE, Lindt CC, Spencer D, Lee RD, 1955. Additional collections of ticks from southern
California. J. Parasitol 41, 280-282. [PubMed: 13252499]

Salkeld DJ, Lane RS, 2010. Community ecology and disease risk: lizards, squirrels, and the Lyme
disease spirochete in California, USA. Ecology 91, 293-298. [PubMed: 20380218]

Salkeld DJ, Leonhard S, Girard YA, Hahn N, Mun J, Padgett KA, Lane RS, 2008. Identifying the
reservoir hosts of the Lyme disease spirochete Borrelia burgdorferiin California: the role of
the western gray squirrel (Sciurus griseus). Am. J. Trop. Med. Hyg 79, 535-540. [PubMed:
18840740]

Salkeld DJ, Castro MB, Bonilla D, Kjemtrup A, Kramer VL, Lane RS, Padgett KA, 2014a. Seasonal
activity patterns of the western black-legged tick, /xodes pacificus, in relation to onset of
human Lyme disease in northwestern California. Ticks Tick Borne Dis 5, 790-796. [PubMed:
25113980]

Salkeld DJ, Cinkovich SS, Nieto NC, 2014b. Tick-borne pathogens in northwestern California, USA.
Emerg. Infect. Dis 20, 493-494. [PubMed: 24565119]

Salkeld DJ, Nieto NC, Carbajales-Dale P, Carbajales-Dale M, Cinkovich SS, Lambin EF, 2015.
Disease risk & landscape attributes of tick-borne Borrelia pathogens in the San Francisco Bay
Area, California. PLoS ONE 10, e0134812. [PubMed: 26288371]

Salkeld DJ, Porter WT, Loh SM, Nieto NC, 2019. Time of year and outdoor recreation affect human
exposure to ticks in California, United States. Ticks Tick Borne Dis 10, 1113-1117. [PubMed:
31201125]

Salkeld DJ, Lagana DM, Wachara J, Porter WT, Nieto NC, 2021. Examining prevalence and diversity
of tick-borne pathogens in questing /xodes pacificusticks in California. Appl. Environ. Microbiol
87, €00319-e00321. [PubMed: 33893109]

Schwan TG, Schrumpf ME, Karstens RH, Clover JR, Wong J, Daugherty M, Struthers M, Rosa PA,
1993. Distribution and molecular analysis of Lyme disease spirochetes, Borrelia burgdorferi,
isolated from ticks throughout California. J. Clin. Microbiol 31, 3096-3108. [PubMed: 8308101]

Schwartz AM, Hinckley AF, Mead PS, Hook SA, Kugeler KJ, 2017. Surveillance for Lyme disease -
United States, 2008-2015. Morb. Mortal. WKkly. Rep. Surveill. Summ 66 (22), 1-12.

Slowik TJ, Lane RS, 2001. Birds and their ticks in northwestern California: minimal contribution to
Borrelia burgdorferi enzootiology. J. Parasitol 87, 755-761. [PubMed: 11534638]

Steere AC, Malawista SE, 1979. Cases of Lyme disease in the United States: locations correlated with
distribution of /xodes dammini. Ann. Intern. Med 91, 730-733. [PubMed: 496106]

Swei A, Meentemeyer R, Briggs CJ, 2011a. Influence of abiotic and environmental factors on the
density and infection prevalence of /xodes pacificus (Acari: Ixodidae) with Borrelia burgdorferr.
J. Med. Entomol 48, 20-28. [PubMed: 21337944]

Swei A, Ostfeld RS, Lane RS, Briggs CJ, 2011b. Effects of an invasive forest pathogen on abundance
of ticks and their vertebrate hosts in a California Lyme disease focus. Oecologia 166, 91-100.
[PubMed: 20941513]

Ticks Tick Borne Dis. Author manuscript; available in PMC 2024 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eisen et al.

Page 36

Swei A, Ostfeld RS, Lane RS, Briggs CJ, 2011c. Impact of the experimental removal of lizards on
Lyme disease risk. Proc. R. Soc. B Biol. Sci 278, 2970-2978.

Swei A, Briggs CJ, Lane RS, Ostfeld RS, 2012. Impacts of an introduced forest pathogen on the risk of
Lyme disease in California. Vector Borne Zoonotic Dis 12, 623-632. [PubMed: 22607076]

Swei A, Bowie VC, Bowie RCK, 2015. Comparative genetic diversity of Lyme disease bacteria in
northern Californian ticks and their vertebrate hosts. Ticks Tick Borne Dis 6, 414-423. [PubMed:
25843810]

Talleklint-Eisen L, Eisen RJ, 1999. Abundance of ticks (Acari: Ixodidae) infesting the western fence
lizard, Sceloporus occidentalis, in relation to environmental factors. Exp. Appl. Acarol 23, 731-
740. [PubMed: 10581712]

Talleklint-Eisen L, Lane RS, 1999. Variation in the density of questing /xodes pacificus (Acari:
Ixodidae) nymphs infected with Borrelia burgdorferi at different spatial scales in California. J.
Parasitol 85, 824-831. [PubMed: 10577716]

Talleklint-Eisen L, Lane RS, 2000. Spatial and temporal variation in the density of /xodes pacificus
(Acari: Ixodidae) nymphs. Environ. Entomol 29, 272-280.

USDA (United States Department of Agriculture), 2023. Vegetation Classification & Mapping (Calveg
Mapping Zones). Accessed 2 October, 2023. https://www.fs.usda.gov/detail/r5/landmanagement/
resourcemanagement/?cid=stelprdb5347192.

USNTC (United States National Tick Collection), 2023. United States National Tick Collection.
Accessed 2 October, 2023. https://cosm.georgiasouthern.edu/usntc/.

Vredevoe LK, Richter PJ Jr., Madigan JE, Kimsey RB, 1999. Association of /xodes pacificus (Acari:
Ixodidae) with the spatial and temporal distribution of equine granulocytic ehrlichiosis in
California. J. Med. Entomol 36, 551-561. [PubMed: 10534948]

Webb GK, 2016. Public management decisions related to the decline of California deer populations: a
comparative management approach. Environ. Ecol. Res 4, 63-73.

Webb JP Jr., Bennett SG, Challet GL, 1990a. The larval ticks of the genus /xodes Latreille (Acari:
Ixodidae) of California. Bull. Soc. Vector Ecol 15, 73-124.

Webb JP Jr., Bennett SG, Curry JI, Fogarty CL, Madon MB, 1990b. /xodes pacificus and Lyme disease
in Orange County, California. Proc. Calif. Mosg. Vector Contr. Assoc 58, 53-54.

Webb JP Jr., Fogarty CL, Bennett SG, Smith TJ, Reinig A, Madon MB, 1992. The first record of
Borrelia burgdorferi from a tick, /xodes pacificus, in southern California. Proc. Calif. Mosq.
Vector Contr. Assoc 60, 91-94.

Westrom DR, 1975. The Population Dynamics and Distribution of Ectoparasites on Black-Tailed Deer
(Odocoileus Hemionus columbianus) in Mendocino County, California. University of California,
Berkeley, CA, USA. Ph.D. Thesis.

Westrom DR, Lane RS, Anderson JR, 1985. /xodes pacificus (Acari: 1xodidae): population dynamics
and distribution on Columbian black-tailed deer (Odocoileus hemionus columbianus). J. Med.
Entomol 22, 507-511. [PubMed: 4045944]

Witmer FDW, Nawrocki TW, Hahn M, 2022. Modeling geographic uncertainty in current and future
habitat for potential populations of /xodes pacificus (Acari: Ixodidae) in Alaska. J. Med. Entomol
59, 976-986. [PubMed: 35134194]

Wright SA, 1992. Tick ecology at Willow Creek State Park. Proc. Pap. Mosg. Vector Contr. Assoc.
Calif 60, 95-103.

Wright S, Knerl K, Bickel D, Simpson R, 1996. Distribution and seasonal abundance of ticks in
Sacramento County. Calif. Mosq. Vector Contr. Assoc 64, 91-95.

Wright SA, Lane RS, Clover JR, 1998. Infestation of the southern alligator lizard (Squamata:
Anguidae) by /xodes pacificus (Acari: Ixodidae) and its susceptibility to Borrelia burgdorferi.

J. Med. Entomol 35, 1044-1049. [PubMed: 9835700]

Wright SA, Thompson MA, Miller MJ, Knerl KM, Elms SL, Karpowicz JC, Young JF, Kramer VL,
2000. Ecology of Borrelia burgdorferiin ticks (Acari: Ixodidae), rodents, and birds in the Sierra
Nevada foothills, Placer County, California. J. Med. Entomol 37, 909-918. [PubMed: 11126549]

Wright SA, Lemenager DA, McBride RL, Brown DA, 2003a. The western blacklegged tick, /xodes
pacificus, in the Sutter Buttes. J. Vector Ecol 28, 171-174. [PubMed: 14714665]

Ticks Tick Borne Dis. Author manuscript; available in PMC 2024 May 01.


https://www.fs.usda.gov/detail/r5/landmanagement/resourcemanagement/?cid=stelprdb5347192
https://www.fs.usda.gov/detail/r5/landmanagement/resourcemanagement/?cid=stelprdb5347192
https://cosm.georgiasouthern.edu/usntc/

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Eisen et al.

Page 37

Wright SA, Lemenager DA, Woodward D, Anderson N, Thompson M, 2003b. A survey of /xodes
pacificus on bird and lizard hosts in northern California. Proc. Pap. Mosg. Vector Contr. Assoc.
Calif 71, 58-63.

Wright SA, Lemenager DA, Tucker JR, Armijos MV, Yamamoto SA, 2006. An avian contribution to
the presence of /xodes pacificus (Acari: Ixodidae) and Borrelia burgdorferion the Sutter Buttes
of California. J. Med. Entomol 43, 368-374. [PubMed: 16619623]

Wright S, Tucker J, Donohue A, Castro M, Kelley K, Maffei W, Novak M, Macedo PA, 2010. Host
ecology of /xodes pacificus at the Quail Ridge Preserve, Napa County, California. Calif. Mosq.
Vector Contr. Assoc 78, 122.

Wright SA, Tucker JR, Donochue AM, Castro MB, Kelley KL, Novak MG, MacEdo PA, 2011. Avian
hosts of /xodes pacificus (Acari: Ixodidae) and the detection of Borrelia burgdorferiin larvae
feeding on the Oregon junco. J. Med. Entomol 48, 852—859. [PubMed: 21845945]

Wright SA, Castro MB, Donohue AM, Tucker JR, Macedo PA, 2012. /xodes pacificus on hosts of the
Quail Ridge Reserve: habitat partitioning or host preference? Calif. Mosq. Vector Contr. Assoc
80, 51-55.

Xu G, Fang QQ, Keirans JE, Durden LA, 2003. Molecular phylogenetic analyses indicate that the
Ixodes ricinus complex is a paraphyletic group. J. Parasitol 89, 452-457. [PubMed: 12880241]

Xu G, Pearson P, Dykstra E, Andrews ES, Rich SM, 2019. Human-biting /xodesticks and pathogen
prevalence from California, Oregon, and Washington. Vector Borne Zoonotic Dis 19, 106-114.
[PubMed: 30207871]

Ticks Tick Borne Dis. Author manuscript; available in PMC 2024 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Eisen et al.

Page 38

Fig. 1.
Estimated geographic distribution of /xodes pacificus in the western United States (from

CDC, 2023a).
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1996 2016 2022

Fig. 2.
Distribution of counties in the western United States where /xodes pacificus was classified

as established (shown in red; 6 or more ticks of a single life stage or 2 or more life stages) or
reported (shown in blue; fewer than six ticks and one life stage only) by 1996 (Dennis et al.,
1998), 2015 (Eisen et al., 2016a), and 2022 (CDC, 2023c).
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Fig. 3.
California vegetation mapping zones (adapted from USDA, 2023).
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