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A B S T R A C T

The expanding geographic ranges of tick species that are known pathogen vectors can have implications for
human, domestic animal, and wildlife health. Although Alaska is home to several hard tick species, it has his-
torically been outside of the range of the most common medically important ticks in the contiguous United States
and western Canada. To assess the status of tick species establishment in the state and to provide a baseline for
tracking future change in the distribution of ticks, we reviewed and compiled historical tick records and sum-
marized recent tick occurrence records collected through the development of the Alaska Submit-A-Tick Program
and through tick drag sampling at sentinel sites in southcentral Alaska. Between 1909–2019, there were 1190
tick records representing 4588 individual ticks across 15 species in Alaska. The majority of ticks were species
historically found in Alaska: Haemaphysalis leporispalustris, Ixodes angustus, Ixodes auritulus, Ixodes howelli, Ixodes
signatus, and Ixodes uriae. Over half of all tick records in the state were collected in the last 10 yr. During this
time, the number of tick records and the number of tick species recorded in Alaska each year has increased
substantially. Between 2010–2019, there were 611 tick records representing 1921 individual ticks. The most
common hosts for reported ticks were domestic animals (n= 343, 56 %) followed by small wild mammals
(n=147, 24 %), humans (n= 49, 8%), and wild birds (n=31, 5%). Less than 5% of records (n=25) were of
unattached ticks found in the environment. Since 2007, non-native tick species have been documented in the
state every year, including Amblyomma americanum, Dermacentor andersoni, Dermacentor occidentalis,
Dermacentor variabilis, Ixodes pacificus, Ixodes ricinus, Ixodes scapularis, Ixodes texanus, and Rhipicephalus sangui-
neus sensu lato (s.l.). Almost half of the records (n= 68, 48 %) of non-native tick species from 2010 to 2019
represented ticks found on a host (usually a dog or a human) that had traveled outside of Alaska in the two weeks
prior to collection. However, A. americanum, D. variabilis, I. pacificus, I. texanus, and R. sanguineus s.l. have been
found on humans and domestic animals in Alaska without reported recent travel. In particular, there is evidence
to suggest that there is local establishment of R. sanguineus s.l. in Alaska. A tick species historically found in the
state, I. angustus was frequently found on human and dogs, suggesting a potential role as a bridge vector of
pathogens. Given the inconsistency of tick monitoring in Alaska over the past century, it is difficult to draw many
conclusions from temporal trends in the data. Continued monitoring through the Alaska Submit-A-Tick Program
will allow a more accurate assessment of the changing risk of ticks and tick-borne diseases in the state and
provide information for setting clinical and public health guidelines for tick-borne disease prevention.
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1. Introduction

Ecological systems are changing rapidly in Alaska (Markon et al.,
2018), raising concern about the potential emergence of vector-borne
disease threats to human and wildlife health (Yoder et al., 2018). There
is recent evidence that several medically-important tick species that are
endemic in the contiguous United States and western Canada, but
previously unknown in Alaska, are being introduced into the state
(Durden et al., 2016). Additionally, several other Arctic nations have
reported an expanding geographic range of ticks, potentially facilitated
by rapidly warming temperatures at northern latitudes (Alfredsson
et al., 2017; Jaenson et al., 2016; Tokarevich et al., 2011). In order to
evaluate the present and future risk of tick-borne diseases in Alaska, it is
essential to have baseline information on the range of tick species.

Although there are records of six tick species in Alaska from the
early to mid-20th century, little is known about the distribution,
abundance, or vector potential of these species (Deardorff et al., 2013;
Fay and Rausch, 1969; Goethert et al., 2006). Limited evidence suggests
that Ixodes angustus Neumann may be present mostly in southern
coastal areas of the state (Deardorff et al., 2013; Fay and Rausch, 1969;
Goethert et al., 2006; Murrell et al., 2003). Murrell et al. (2003) found
that 20 percent of small mammals were parasitized by at least one I.
angustus, but the prevalence ranged from 0 to 57 percent by host spe-
cies. There are published reports of the rabbit tick, Haemaphysalis le-
porispalustris (Packard) collected mostly in interior Alaska, but also on
the Kenai Peninsula in the southcentral part of the state (Philip, 1938).
Approximately 27 percent of the hares trapped in the study were
parasitized by H. leporispalustris (Philip, 1938). Most of the research on
the seabird ticks, Ixodes signatus Birula and Ixodes uriae White is from
islands in the Aleutian chain or off the west coast of Alaska (Choe and
Kim, 1987; Olsen et al., 1995). In a study of the parasite community on
seabirds on the Pribilof Islands, Choe and Kim (1987) found that the
prevalence of tick infestation was approximately 28 percent for I. sig-
natus and 91 percent for I. uriae, although this ranged from 10 to 50
percent and 80 to 97 percent, respectively, by bird species. Regarding
other bird-associated ticks that have been found in Alaska, reports of
Ixodes howelli (Cooley and Kohls) and Ixodes auritulus (Neumann) are
limited to a handful of a presence records with no information on
sampling effort associated with these records.

A recent study of ticks collected from humans and pets in Alaska
showed that several non-native tick species have been brought into the
state through out-of-state travel (Durden et al., 2016). However, there
was no conclusive evidence of establishment or long-term survival of
the species identified in the study: Amblyomma americanum (Lin-
naeus), Dermacentor andersoni Stiles, Dermacentor variabilis (Say),
Ixodes ricinus (Linnaeus), Ixodes scapularis Say, and Rhipicephalus
sanguineus (Latreille) sensu lato (s.l.).

The ability to document changes in tick vector distributions relies
on accurate information about where tick species have occurred in the
past, as well as continuously updated contemporary records of tick
occurrence. The active collection of ticks through repeated tick drag
sampling or small mammal trapping is useful for geographically tar-
geted investigations, but these methods are too resource intensive to
maintain consistently at a large scale (Cull et al., 2018). Alternatively,
national or state-wide passive surveillance systems are designed to ac-
cept ticks from voluntary reporting as they are found (Cull et al., 2018;
Johnson et al., 2004; Ogden et al., 2006b; Rand et al., 2017). This tick
surveillance strategy can be implemented continuously, for a long
period of time, over a broad area with relatively low human or financial
resources (Cull et al., 2018; Johnson et al., 2004; Rand et al., 2017).
Additionally, tick data collected through passive surveillance have been
used to provide information about tick phenology and host associations
(Rand et al., 2017), identify environmental risk factors for tick presence
(Ogden et al., 2006b), and as an indicator of the area where vector-
borne disease transmission risk is a concern (Johnson et al., 2004).

Here we review historical tick records in Alaska and summarize

recent tick occurrence records collected through the development of the
Alaska Submit-A-Tick Program and through tick drag sampling at sen-
tinel sites in southcentral Alaska. The development of a passive tick
surveillance program in Alaska, as presented here, coupled with base-
line information on the abundance and diversity of ticks will facilitate
an ongoing assessment of the risk of tick-borne diseases in human,
domestic animal, and wildlife populations in the state.

2. Materials and methods

2.1. Historical tick records in Alaska, 1909−2018

Historical tick occurrence records were retrieved from the Arctos
database (http://arctos.database.museum/, accessed 9 September
2019). We used ‘Alaska’ as the search term for “State/Province” and
used the following keywords under “Taxon name”: ‘tick’ or ‘Ixodes’ or
‘Amblyomma’ or ‘Dermacentor’ or ‘Haemaphysalis’ or ‘Rhipicephalus’.
Individual results were reviewed to ensure that they referred to tick
specimens. The scientific names of the tick species and host if applic-
able, text description of the location of the collection, the date of col-
lection, and assigned coordinates and location accuracy were extracted
for each valid record.

Since 2010, the Alaska Department of Fish and Game and the Alaska
Office of the State Veterinarian have been cataloging ticks submitted to
the state by veterinarians, biologists, and the public. Ticks were iden-
tified morphologically using standard guides and archived in the
University of Alaska Museum of the North in Fairbanks (Durden et al.,
2016). Raw data files from each of the agencies were crosschecked
against the Arctos database. Duplicate entries were removed. The
submitter information, tick host, text description of the location of the
collection, the date the tick was received, and the tick species, life stage,
and sex were extracted from each record.

We also performed a literature review to identify additional tick
records that were in neither the Arctos database nor the state tick re-
cords. We searched Web of Science, PubMed, and Research Gate to
identify studies that contained tick occurrence records in Alaska be-
tween 1900 and 2019. We limited the language to English. We used the
following keywords: ‘Alaska’ AND ‘Ixodes’ or ‘Amblyomma’ or
‘Dermacentor’ or ‘Haemaphysalis’ or ‘Rhipicephalus’. We reviewed titles
and abstracts to identify studies that took place in Alaska. Records were
included in our database if the descriptions of the tick identification,
collection location, and time period in the article were sufficient to
determine the species, city or borough of collection, and year of col-
lection. When available, we also extracted tick host information to the
species level.

2.2. Development of the Alaska Submit-A-Tick program

In 2019, we established a systematic, statewide passive surveillance
system to collect ticks in Alaska, similar to those in other jurisdictions
(Cull et al., 2018; Johnson et al., 2004; Ogden et al., 2006b; Rand et al.,
2017). Through the “Alaska Submit-A-Tick Program,” the public, ve-
terinarians, clinicians, and biologists can voluntarily submit ticks that
they find on themselves, a family member, a pet, in the environment, or
on wildlife to the Office of the State Veterinarian for species identifi-
cation and pathogen testing. Submitters have the option to request
species identification results. With each tick submission, we request
information on the date of tick collection, tick host, probable location of
tick encounter, and history of travel inside or outside of Alaska of
anyone or any pet within a submitter’s household within the two weeks
prior to submission. Contact information is optional, if submitter would
like to receive tick identification results. Submitted ticks are morpho-
logically identified to species, life stage, and sex.

Key components of the surveillance program include 1) a program
website where the public can access information on how to identify
ticks, how to safely remove a tick, and how to submit a tick to the
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program (https://dec.alaska.gov/eh/vet/ticks), 2) a standardized sur-
veillance form that accompanies tick submissions, and 3) targeted
outreach materials to increase awareness of the program. Tick sub-
missions can be dropped off or mailed to the Office of the State
Veterinarian in Anchorage. They can also be submitted to local Alaska
Department of Fish and Game offices. This approach was essential for
ensuring a broad geographic reach across Alaska.

2.3. Geocoding

Both the historical and contemporary tick occurrence records col-
lected through passive surveillance had varying levels of specificity
regarding the location of the collection. In order to standardize the
location information, we developed a geocoding scheme. Using the
described location associated with each tick record (e.g., city, hiking
area, game management unit), we assigned GPS coordinates and an
accuracy range of the assigned coordinates depending on the precision
of the location information. For records that were associated with re-
cent travel history, the city of residence of the tick host in Alaska was
used for the location information.

2.4. Active surveillance for ticks

We selected 10 recreational sites in southcentral Alaska to conduct
drag sampling for ticks. This region is characterized by a mild coastal
climate, with average summer temperatures between 12−14 °C,
average winter temperatures between -7 and −8 °C, and approximately
42−46 cm of annual precipitation (Köppen Dfc). We chose parks and
campgrounds with trails, off-leash dog parks, and forested areas in
order to target locations with substantial overlap between human, dog,
and wildlife activity. The five sites in Anchorage were Far North
Bicentennial Park, University Lake Park, Ruth Arcand Park, Connors
Lake Park, and Kincaid Park. On the Kenai Peninsula, we sampled
Centennial Park in Soldotna, Hidden Lake Campground in the Kenai
National Wildlife Refuge, Slidehole Campground in Anchor Point, and
Jack Gist Park in Homer. The tick sampling location within each re-
creational site was selected through discussion with the natural re-
sources manager in each jurisdiction who was familiar with high-use
forested areas in the parks. All sampling sites were located in deciduous
or mixed deciduous / coniferous forest with dense vegetation in the
understory.

We drag sampled for ticks every two weeks between 24 May and 28
September 2019. We chose these dates to coincide with a likely peak in
questing activity of the multi-host hard tick species previously reported
in Alaska. We sampled for ticks by dragging a 1-m2 cloth made of
rubber-bonded cotton fabric with a rope attached to a 1.2m dowel
inside the top edge. Weighted “fingers” were sewn to the bottom half of
the drag in order to sample near the ground. We dragged 1000 m2 in
each recreational site.

2.5. Tick handling, identification, and classification

All ticks were morphologically identified to species and life stage at
Georgia Southern University using standard guides (Brinton et al.,
1965; Cooley, 1946a; Cooley and Kohls, 1944; Durden and Keirans,
1996; Estrada-Peña et al., 2017; Keirans and Clifford, 1978; Robbins
and Keirans, 1992; Yamaguti et al., 1971) and stored in vials of
80–100% ethanol at -20 to −70 °C. Ticks were pooled by host, species,
and life stage for analysis (e.g., if a vole was found with 15 adult female
I. angustus, it is recorded as one record). References to tick diversity
refer to the number of tick species recorded. We used boroughs, the
Alaskan equivalent to counties, as the geographic boundaries for as-
sessing tick species establishment. We considered only contemporary
tick records (2010–2019) for species establishment because host travel
history was available for tick records consistently after 2010. For each
tick species, we extracted records where ticks were either found in the

environment or on a host without reported travel outside of Alaska in
the prior two weeks (i.e. wildlife hosts, humans who reported they had
not traveled, or domestic animals whose owners reported that the pets
had not traveled). We considered a tick species “established” in a bor-
ough if at least six ticks, or two or more life stages, were collected in a
single borough in a single year (Dennis et al., 1998; Eisen et al., 2016;
Hahn et al., 2016). We considered a tick species “reported” if there were
records in the borough but they did not meet either of these criteria.
While these criteria were originally created for I. scapularis and I. pa-
cificus, they have been utilized recently to develop distribution maps for
D. variabilis and A. americanum in the contiguous U.S (Lehane et al.,
2020; Springer et al., 2015).

3. Results

3.1. Overview of tick occurrence records

Between 1909–2019, there were 1190 tick records representing
4588 individual ticks across 15 species in Alaska (Table 1). The ma-
jority of ticks were species that have historically been found in the state:
H. leporispalustris, I. angustus, I. auritulus, I. howelli, I. signatus, and I.
uriae accounted for 86 % (n=1026) of all records (Fig. 1). Ixodes an-
gustus was the most commonly recorded tick, representing 58 %
(n= 695) of the tick records, followed by I. uriae (n= 196, 16 %) and

Table 1
Number of records and ticks recorded in Alaska between 1909-2019. Data
compiled from a review of historical records as well as contemporary records
collected through the Alaska Submit-A-Tick Program.*.

Species No. records Total ticks

Tick species with historical presence records in Alaska
Haemaphysalis leporispalustris 78 2205
Ixodes angustus 695 1207
Ixodes auritulus 7 7
Ixodes howelli 1 1
Ixodes signatus 46 164
Ixodes uriae 196 699
Non-native tick species
Amblyomma americanum 21 37
Dermacentor andersoni 6 6
Dermacentor occidentalis 1 1
Dermacentor variabilis 57 59
Ixodes pacificus 3 3
Ixodes ricinus 4 4
Ixodes scapularis 11 15
Ixodes texanus 2 6
Rhipicephalus sanguineus s.l. 44 87

*An additional 15 records (comprising 41 ticks) that were identified only to
Ixodes genus and 3 records (comprising 46 ticks) that were identified only to
Haemaphysalis genus in the historical records were excluded from this table.

Fig. 1. Number of tick records in Alaska between 1909-2019 from a compila-
tion of secondary data and records from ticks submitted through the Alaska
Submit-A-Tick Program.
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H. leporispalustris (n= 78, 7%). The first record of a non-native tick
found in Alaska occurred in 1997 when an adult male and a nymphal A.
americanum were found on a person recently traveling from Oklahoma.
Since 2007, non-native tick species have been documented in the state
every year, including D. andersoni, Dermacentor occidentalis, D. variabilis,
Ixodes pacificus, I. ricinus, I. scapularis, Ixodes texanus, and R. sanguineus
s.l.

3.2. Geographic distribution of tick species

The most commonly reported tick species in the state between 1909
and 2019 were I. angustus, I. uriae, and H. leporispalustris, although there
were also reports of I. signatus, I. auritulus, and I. howelli. Ixodes angustus
was most commonly reported from southcentral and southeastern
Alaska, with a few contemporary records in the interior (Fig. 2). Ixodes
uriae has been reported sporadically from the coasts of the Kenai Pe-
ninsula. The vast majority of the I. uriae presence records are from
seabirds on the western coast of the state and on islands in the Bering
Sea (St. George, St. Paul, St. Lawrence, and St. Matthew), Aleutians
(Amchitka, Aiktak, Buldir, Great Sitkin, Kasatochi, and Tanadak), in the
Gulf of Alaska (Middleton), and in the southeast (St. Lazaria). Haema-
physalis leporispalustris has been reported primarily from the interior of
Alaska, in the Fairbanks area, with sporadic reports from the Kenai
Peninsula and southeast Alaska. The majority of I. signatus records are
from St. Paul Island, but there are also records from the Aleutian Islands
(Shemya and Amak Islands) and Kachemak Bay at the southern end of
the Kenai Peninsula. Ixodes auritulus records are from southeast Alaska,
near Juneau, Wrangell, and Sitka, and the I. howelli record is from
western Alaska, near Kokechik Bay. Given the inconsistency of tick

monitoring in the state over the last century and the reliance on in-
quisitive biologists and members of the public to turn in found ticks, it
is difficult to draw conclusions regarding changes in the distribution of
these ticks over time. The presence records presented here likely re-
present the general distribution of these species, but these ranges could
be refined with further environmental sampling.

3.3. Contemporary tick occurrence records (2010–2019)

Over half of all tick records in the state were collected in the last 10
years (Fig. 1). The majority of tick submissions were clustered around
major population centers, including Anchorage and the Matanuska-
Susitna Valley, Kenai Peninsula, Fairbanks, and Juneau, with submis-
sions from all boroughs except North Slope, Wade Hampton, and Ya-
kutat. During this time, the number of tick records and the diversity of
tick species recorded in Alaska each year has increased substantially,
although much of this trend is likely due to increased awareness of ticks
and collection effort (Fig. 3). Between 2010–2019, there were 611 tick
records representing 1921 individual ticks. The number of tick records
each year has ranged from 3 (in 2010) to 232 (in 2019). Non-native
ticks (including A. americanum, D. andersoni, D. variabilis, I. pacificus, I.
ricinus, I. scapularis, I. texanus, and R. sanguineus s.l.) accounted for 23 %
(n= 143) of the records (Table 2). In 2019, the first year of the Alaska
Submit-A-Tick Program, we received specimens of 13 tick species found
in the state.

Beginning in 2010, ancillary data on submitter, tick host, and host
travel history are available for the majority of tick records. The majority
of contemporary tick records were submitted by the public (n= 283,
46 %) followed by veterinarians (n= 185, 30 %) and biologists

Fig. 2. Maps of the historical (1909-2009), contemporary (2010-2019), and cumulative (1909-2019) number of presence records of Ixodes angustus, Ixodes uriae, and
Haemaphysalis leporispalustris, the three most commonly reported tick species in Alaska, at 1000 km2 resolution.
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(n= 113, 19 %). Human health professionals submitted 6 records (1%).
Two adult I. angustus ticks were collected through drag sampling in
2019 at Kinkaid Park (female; collected in June) and Hidden Lake
Campground (male; July). No other ticks were collected via drag
sampling.

Most ticks were submitted between May and September, with a
distinct peak from June to August (Fig. 4). However, ticks were sub-
mitted throughout the year. In most months, the majority of submis-
sions were of tick species that have historically been found in Alaska. In
January and April, while we received three I. angustus ticks in each of
these months, more non-native ticks were submitted during these time
periods. The peak of travel-related tick submissions was slightly earlier
in the year compared to overall tick submissions (Fig. 5). Travel-related
tick submissions occurred in all months except February and October
with the largest number of submissions from April to June, with waning
numbers in July and August.

3.4. Tick host associations

The most common host for reported ticks was domestic animals
(n=343, 56 %) followed by small wild mammals (n=147, 24 %),
humans (n=49, 8%), and wild birds (n= 31, 5%) (Table 2). A small
number of ticks were found off-host (25 records, 4%) in places like a
bed, on the ground, on a health clinic counter, or in nesting materials of
bird colonies. Less than 3% of records (n=16) either lacked informa-
tion on the host or listed more than one potential host (e.g., human or
dog).

Ixodes angustus was found on a wide variety of wildlife hosts in-
cluding northern red-backed voles (Myodes rutilus), meadow voles
(Microtus pennsylvanicus), red squirrels (Sciurus vulgaris), hares (Lepus
spp.) martens (Martes spp.), shrews (Sorex spp.), rabbits, and a porcu-
pine (Erethizon dorsatum). Of note, this tick species was commonly re-
corded on domestic animals (dogs [Canis lupus familiaris] (n=158, 41
%); cats [Felis catus] (n= 73, 19 %), and frequently found on humans
(n=17, 4%).

Unsurprisingly, the majority of H. leporispalustris records were from
snowshoe hares (Lepus americanus, n= 19, 66 %) and the Alaskan hare
(Lepus othus, n= 1, 3%), reflecting their known feeding preference for
lagomorphs. Immature stages of H. leporispalustris feed on a wide
variety of bird species, and in this study, larvae were found on two wild
birds (American robin [Turdus migratorius], 1 record, 4%; Slate-colored
Junco [Junco hyemalis], 1 record, 4%). This tick was also found on dogs
(2 records, 7%), cats (3 records, 10 %), and a human (1 record, 4%).

Ixodes uriae were found mainly on seabirds, although 2 records (6%)
came from humans. Ixodes uriae were found on least auklets (Aethia
pusilla), fork-tailed storm petrels (Hydrobates furcatus), Leach’s storm
petrels (Oceanodroma leucorhoa), thick-billed murres (Uria lomvia), and
tufted puffins (Fratercula cirrhata). Almost a third of the records of this
species (n=10) came from burrows or nesting areas of tufted puffins.

There were only five contemporary I. signatus records. Four of these

(80 %) were from black-legged kittiwakes (Rissa tridactyla), and the
other record (20 %) was from a red-faced cormorant (Phalacrocorax
urile). Three of the four I. auritulus records had definitive information on
the host. Of these, one was from a crow (Corvus spp.), one from a dog
(Canis lupus familiaris), and one in the environment in a backyard.

3.5. Non-native ticks records

Almost half of the records (n= 68, 48 %) of non-native tick species
from 2010 to 2019 were found on a host (usually a dog or a human)
that had traveled outside of Alaska in the two weeks prior. About 16 %
(n= 23) of the records were missing host information. Despite the large
number of travel-associated tick collections, there was a substantial
number of non-native tick records where the host reportedly had not
recently traveled outside the state (n= 52, 36 %). In 2016, an adult
male A. americanum was found on the counter in a health clinic in
Kotzebue, and in 2017, another was found on a dog in Palmer. Two
adult female I. pacificus have been found on dogs in Anchorage with no
recent travel history (2017 and 2019). There also have been six adult
female I. texanus found on two different martens in Ketchikan (2010
and 2019).

There were 21 D. variabilis records, comprising 21 ticks that have
been found in the state between 2010–2019 either in the environment
or on a host without recent reported travel history (Fig. 6). All of these
were adults, and they were found across a wide area of the state, in-
cluding southcentral, interior, southeast, and the West Aleutians. There
were no boroughs where more than six individual ticks were found in a
single year. Therefore, D. variabilis does not meet the criteria for es-
tablishment in Alaska based on available presence records as of 2019.

There were 25 R. sanguineus s.l. records, comprising 65 ticks that
have been found in the state between 2010–2019 either in the en-
vironment or on a host without recent reported travel history (Fig. 6).
They were found across a wide area of the state, including southcentral,
interior, southeast, and southwest. In 2013, 47 R. sanguineus s.l. were
found on four different hosts without recent travel history in Fairbanks
North Star borough, including 46 adults and a single nymph. There
were no other boroughs where more than six individual ticks or more
than one life stage were found in a single year. Therefore, there is
evidence to suggest that R. sanguineus s.l. is established in Fairbanks
North Star borough, although additional records would strengthen this
classification.

4. Discussion

Accurate and timely records of the distribution of tick species and
host associations are critical for developing clinical, public health, and
veterinary guidelines for tick-borne disease prevention. In areas where
ticks are an emerging concern, surveillance efforts should focus on es-
tablishing a baseline for tick species distributions and guidelines for
updating tick establishment maps regularly. In particular, areas at

Fig. 3. Number of tick records in Alaska between 2010-2019, by species (left panel: all tick records, middle panel: records of tick species that have historically been
found in Alaska, right panel: non-native tick species records).
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Table 2
Number of records and ticks recorded in Alaska between 2010-2019 by species, host, and life stage.*.

Tick species with historical presence records in Alaska Host No. records Adults Nymphs Larvae Total ticks

Haemaphysalis leporispalustris Domestic animal 5 2 12 8 22
Human 1 1 1
Wild mammal 21 862 10 5 877
Wild bird 2 13 13
Environment 0 0
Unknown 0 0
TOTAL 29 864 23 26 913

Ixodes angustus Domestic animal 238 224 31 4 259
Human 17 15 2 17
Wild mammal 121 221 49 16 286
Wild bird 0 0
Environment 7 8 8
Unknown 5 5 5
TOTAL 388 473 82 20 575

Ixodes auritulus Domestic animal 1 1 1
Human 0 0
Wild mammal 0 0
Wild bird 1 1 1
Environment 1 1 1
Unknown 1 1 1
TOTAL 4 4 0 0 4

Ixodes signatus Domestic animal 0 0
Human 0 0
Wild mammal 0 0
Wild bird 5 3 4 4 11
Environment 0 0
Unknown 0 0
TOTAL 5 3 4 4 11

Ixodes uriae Domestic animal 0 0
Human 2 1 1 2
Wild mammal 0 0
Wild bird 21 50 29 79
Environment 10 41 2 43
Unknown 0 0
TOTAL 33 92 32 0 124

Non-native tick species Host No. records Adults Nymphs Larvae Total ticks
Amblyomma americanum Domestic animal 11 22 5 27

Human 7 4 3 7
Wild mammal 0 0
Wild bird 0 0
Environment 1 1 1
Unknown 0 0
TOTAL 19 27 8 0 35

Dermacentor andersoni Domestic animal 4 4 4
Human 1 1 1
Wild mammal 0 0
Wild bird 0 0
Environment 1 1 1
Unknown 0 0
TOTAL 6 6 0 0 6

Dermacentor variabilis Domestic animal 36 37 37
Human 16 15 1 16
Wild mammal 0 0
Wild bird 0 0
Environment 2 2 2
Unknown 1 1 1
TOTAL 55 55 1 0 56

Ixodes pacificus Domestic animal 3 3 3
Human 0 0
Wild mammal 0 0
Wild bird 0 0
Environment 0 0
Unknown 0 0
TOTAL 3 3 0 0 3

Ixodes ricinus Domestic animal 3 3 3
Human 1 1 1
Wild mammal 0 0
Wild bird 0 0
Environment 0 0
Unknown 0 0
TOTAL 4 3 1 0 4

Ixodes scapularis Domestic animal 7 11 11
Human 3 2 2
Wild mammal 0 0

(continued on next page)
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Northern latitudes that are experiencing rapid warming are most likely
to see new tick species records and expanding ranges of ticks that are
already established (Alfredsson et al., 2017; Gray et al., 2009;
Jääskeläinen et al., 2010; Jaenson et al., 2016; Lindgren and Gustafson,
2001; Ogden et al., 2006a; Tokarevich et al., 2011).

The number of tick records in Alaska has increased substantially
over the last decade, likely largely due to an increase in public
awareness of ticks. Most of the tick submissions from the first year of
the Alaska Submit-A-Tick Program were from the public, followed by
veterinarians, and biologists. Targeted outreach to veterinary clinics
and small mammal and bird biologists through e-mails and clinic visits
with informational posters likely boosted submissions from these
groups. Future outreach efforts could include clinical care providers,
which may be the first point of contact for people who find a tick on
their self or a family member or pet (Dantas-Torres et al., 2012). A
higher proportion of non-native tick species were submitted in January
and April, likely due to increased holiday and spring break travel out-
side of the state. Travel-related tick submissions occurred throughout
the year, peaking in late spring and early summer. This has implications
for targeting seasonal messaging about tick prevention and tick checks
when traveling versus when to check for ticks while spending time
outside in Alaska.

There are several tick species that have been found in Alaska, many
of which have an unknown vector potential for human and animal
pathogens. In addition, imported ticks entering the state on people and
pets traveling from tick and tick-borne disease endemic regions are a
substantial concern due to the possibility of establishing local

populations of these vectors. Relying solely on incidence of tick-borne
disease in regions where ticks are an emerging concern will likely un-
derestimate the risk of transmission due to lack of familiarity of these
diseases among the clinicians. Enhanced surveillance for ticks and pa-
thogen testing in collected ticks can provide an early indicator of
changing tick and tick-borne pathogen distributions. While environ-
mental surveillance through tick drag sampling or small mammal
trapping is a more direct method for verifying tick establishment, we
only collected two ticks through a full summer season of drag sampling.
This is likely due to the low density of ticks, lack of phenological

Table 2 (continued)

Tick species with historical presence records in Alaska Host No. records Adults Nymphs Larvae Total ticks

Wild bird 0 1 1
Environment 1 0
Unknown 0 0
TOTAL 11 14 0 0 14

Ixodes texanus Domestic animal 0 0
Human 0 0
Wild mammal 2 6 6
Wild bird 0 0
Environment 0 0
Unknown 0 0
TOTAL 2 6 0 0 6

Rhipicephalus sanguineus s.l. Domestic animal 35 36 36
Human 1 1 1
Wild mammal 0 0
Wild bird 0 0
Environment 0 0
Unknown 7 45 1 46
TOTAL 43 82 1 0 83

*An additional 8 records (comprising 10 ticks: 3 H. leporispalustris, 2 I. angustus, 1 D. variabilis, 1 I. scapularis, and 3 R. sanguineus s.l.) that were missing life stage
information were excluded from the life stage columns in this table. An additional 7 records (comprising 32 ticks) that were identified only to Ixodes genus and 2
records (comprising 45 ticks) that were identified only to Haemaphysalis genus were excluded from this table.

Fig. 4. Seasonality of tick records in Alaska between 2010-2019 (left panel: all tick records, middle panel: records of tick species that have historically been found in
Alaska, right panel: non-native tick species records).

Fig. 5. Seasonality of travel-related tick submissions in Alaska between 2010-
2019.
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information for ticks in an Alaskan climate to time sampling efforts,
and/or the nidiculous tendency of I. angustus (Foley et al., 2011). Pas-
sive surveillance through public tick submissions is a more cost-effec-
tive method to track a wide variety of ticks throughout a large region
(Cull et al., 2018; Laaksonen et al., 2017; Nelder et al., 2014). In ad-
dition, passive surveillance records can identify potentially important
sites for follow-up environmental surveillance. The records of I.

pacificus in Anchorage or R. sanguineus s.l. in Fairbanks on hosts without
recent travel history point to key areas for enhanced surveillance.
Continuous updates of maps that show reported and established tick
populations throughout the state would likewise support targeted sur-
veillance efforts (Eisen et al., 2016; Hahn et al., 2016).

Ixodes angustus, H. leporispalustris, and I. uriae were the most com-
monly reported tick species in this study. Ixodes angustus is reported

Fig. 6. Maps depicting boroughs where D. variabilis (top) and R. sanguineus s.l. (bottom) have been reported and are likely established. Only records where ticks were
found in the environment or on a host without recent reported travel history are shown.
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mostly in cool, Northern latitude areas (Robbins and Keirans, 1992),
and has been found on a wide variety of mammalian hosts (Cooley,
1946b; Murrell et al., 2003; Robbins and Keirans, 1992; Sorensen and
Moses, 1998; Spencer, 1963). Most of the host associations for these
ticks in Alaska were in line with the published literature. Notably, a
high proportion of I. angustus was found on domestic animals, which is
uncommon for this nidiculous tick, which tends not to quest far from
the host nest (Stephenson et al., 2016). This may represent a potential
transmission route of tick-borne pathogens from sylvatic cycles to pets
or humans. Ixodes angustus is capable of transmitting the causative
bacterial agent of Lyme disease, Borrelia burgdorferi sensu stricto
(Peavey et al., 2000), and there has been a documented case of Lyme
disease in Washington state that was associated with this tick (Damrow
et al., 1989). However, a study in California in areas where there was a
high prevalence of infection with tick-borne pathogens in I. pacificus
found that I. angustus was rarely infected (Stephenson et al., 2016).
These authors suggest that I. angustus could play an important role in
the ecology of zoonotic tick-borne disease by maintaining infection
among small mammal hosts or as a vector to humans in areas lacking
other vectors that more commonly bite humans. Given the widespread
distribution of I. angustus in Alaska, its adaptation to cool weather cli-
mates, and the propensity of the tick to feed on a wide variety of hosts,
it may be an important, understudied tick in the region. In coastal
Alaska, there is evidence of Babesia microti transmission to rodents by I.
angustus suggesting its role as a vector of bacterial pathogens (Goethert
et al., 2006). Ixodes uriae is the only hard tick (Ixodidae) with both an
Arctic and Antarctic circumpolar distribution (Dietrich et al., 2012,
2011; Muñoz-Leal and González-Acuña, 2015). It parasitizes over 60
different seabird species, the majority of which roost in colonies
(Dietrich et al., 2012, 2011). Ixodes uriae has extreme cold hardiness
and exploits seabird nesting sites as an additional microhabitat refuge
(Lee and Baust, 1987; Muñoz-Leal and González-Acuña, 2015). This tick
harbors a variety of viral and bacterial pathogens (Muñoz-Leal and
González-Acuña, 2015), and there is evidence to suggest that seabirds
may be an important reservoir and means of transport for pathogens
across hemispheres (Dietrich et al., 2011; Olsen et al., 1995).

Although I. texanus was presented here as a non-native tick, it is
possible that it has been present in Alaska historically. Ixodes texanus
has been collected in large numbers on wildlife in Michigan and
Ontario, Canada (Hamer et al., 2010; Smith et al., 2019). Information
on its life history, distribution, and role as a vector of tick-borne pa-
thogens is sparse, but this tick species has historically been found in
southern British Columbia, Canada (Cooley and Kohls, 1945; Keirans
and Clifford, 1978; Lindquist et al., 2016). Similarly, although I. aur-
itulus and I. howelli have historically been found in Alaska, it is difficult
to say whether these ticks have long-term established populations due
to the small number of presence records. Ixodes auritulus was found on
three different avian host species, in three different locations, in 1945,
1946, and 1953, providing evidence of a local population. There was
only one record of I. howelli in the state from 1963 which merely alludes
to the presence of this tick and does not provide sufficient information
to conclude that there are local populations of I. howelli, only that this
tick has historically been found in the area.

The most commonly imported non-native ticks were A. americanum,
D. variabilis, and R. sanguineus s.l. In order for these ticks to establish
local populations in Alaska, an adventitious gravid female would need
to fall off the host and lay eggs in the environment (or inside for R.
sanguineus) that hatch into larvae. Alternatively, either multiple im-
mature ticks (larvae or nymphs) or both male and female adventitious
ticks could arrive in the state on a single host. Migratory birds entering
Alaska are a likely source of tick importation (Cohen et al., 2015;
Morshed et al., 2005; Ogden et al., 2008). The lifecycle of each of these
three-host hard ticks varies slightly in terms of seasonality, but in
general, either the adult female, eggs, or newly hatched larvae would
need to overwinter. Two ecological niche modeling studies of A.
americanum under future climate scenarios show northward expansion

of the tick, which has historically been limited to regions east of the
100th western meridian and south of the 45th northern parallel
(Raghavan et al., 2019; Springer et al., 2015). Under an extreme
emissions scenario, small pockets of high model agreement show po-
tentially climatically suitable habitat on the margins of Western Canada
and on the Kenai and Alaska Peninsulas in the late 21st century
(Raghavan et al., 2019). Establishment of this species under present-day
climate is unlikely. Recent climate suitability modeling for D. variabilis
shows a substantial shift of the potential range of the tick into north-
west Canada by 2050 under low to extreme emissions scenarios
(Minigan et al., 2018). Our results show that D. variabilis has been re-
ported in interior, southcentral, and southeastern Alaska. This tick may
currently be limited by cold winter temperatures in much of the state,
but sufficient insulating snowpack could provide a suitable micro-
climate for overwintering (McEnroe, 1984; Yunik et al., 2015). Con-
tinued surveillance for this tick species is warranted. Rhipicephalus
sanguineus s.l. has historically spread from its native Afrotropical dis-
tribution, mostly on domestic dogs, and now has a vast worldwide
range extending from about 50 °N to 30◦S (Walker et al., 2000). This
tick can survive indoors and has been shown to complete one-host or
three-host life cycles, demonstrating its ability to adapt to a variety of
living conditions (Dantas-Torres, 2010). Here we show evidence that R.
sanguineus s.l. is likely established in Alaska based on tick presence
records. Although this tick species met the broad establishment criteria
used here, it is important to note that these data likely represent local
infestations in households that could be controlled with targeted acar-
icide treatment to prevent the broader establishment of R. sanguineus
s.l. populations.

Our study shows that three medically important Ixodes spp. ticks
have been found in Alaska: I. scapularis, I. pacificus, and I. ricinus.
Importation of these species will likely continue, particularly of the two
blacklegged ticks (I. scapularis and I. pacificus) due to frequent human
and pet travel between Alaska and endemic areas in the continental
United States and Canada (Mak et al., 2010). In addition to climate
considerations, suitable land cover and reservoir hosts for each stage of
their lifecycle are also pre-requisites for establishment of newly in-
troduced ticks. Ixodes pacificus has been collected from British Co-
lumbia, near the Alaskan border (Mak et al., 2010), and I. ricinus is
widely distributed across Europe and has been expanding into high
latitude areas of Sweden and Iceland (Alfredsson et al., 2017; Medlock
et al., 2013; Talleklint and Jaenson, 1998), indicating that the Alaskan
climate is likely not a limiting factors for these tick species. Many of the
coastal regions of Alaska have a mild, humid climate with less extreme
winter temperatures than areas in the interior U.S. and Canada where I.
scapularis is established (Brunner et al., 2012; Robbin Lindsay et al.,
1995). In general, Ixodes tick habitat is characterized by forested areas
with leaf litter or vegetation with sufficient humidity to prevent tick
desiccation (Diuk-Wasser et al., 2010; Killilea et al., 2008; Medlock
et al., 2013; Talleklint-Eisen and Lane, 2000). While much of Alaska’s
forests are boreal, almost seven percent of the state’s 1.7 million km2 of
land area is classified as deciduous or mixed forest (Selkowitz and
Stehman, 2011). Immature stages of Ixodes ticks tend to feed on small
mammals and birds and rely on larger wildlife for bloodmeals in their
adult stage (Gray, 1998). Although deer are an important host for I.
scapularis and I. ricinus adults in areas where these ticks are currently
endemic (Rand et al., 2003; Sprong et al., 2018), large wildlife such as
bears, moose, lynx, and coyotes in Alaska may serve as a sufficient
bloodmeal source for this life stage (Bloemer and Zimmerman, 1988;
Brillhart et al., 1994; Castro and Wright, 2007; Zolnik et al., 2015). Of
note, these wildlife species are found in urban areas throughout the
state that abut vast regions of wilderness, indicating the possibility of
overlap between areas where ticks are most frequently imported due to
human and pet travel and native wildlife populations.

Although the results presented here represent the most compre-
hensive assessment of ticks in Alaska to date, there are important lim-
itations to the interpretation of these data. We relied on the accuracy of
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the historical records retrieved from databases and published literature.
In many cases, historical tick records were submitted by biologists who
found ticks incidentally during their fieldwork. We assume that they
either had familiarity with tick species identification methods or col-
laborated with an entomologist to identify their specimens. While the
contemporary public submissions were morphologically identified by
an entomologist/acarologist using standard guides, it is possible that
people submitted incorrect ancillary information, such as the location
of collection, date, or recent travel history of the host. In cases where
there was missing or confusing information on a tick submission form,
we followed up with a phone call to the submitter to clarify.

All records presented here except for the two ticks collected on tick
drags in summer 2019 were obtained through voluntary submissions.
These data must be interpreted cautiously. In some cases, similar tick
passive surveillance programs have found that the number of samples
they receive is related to the distribution of potential reporters, i.e. they
receive more ticks from highly populated areas, and fewer ticks from
regions that are more sparsely populated (Laaksonen et al., 2017;
Nelder et al., 2014). On the other hand, the Tick Surveillance Scheme in
the United Kingdom found that they received the highest number of I.
ricinus samples from the region of England with the lowest population
density, implying that the tick records are not biased towards areas of
high human population density and may be a reasonable indicator of
the tick distribution (Cull et al., 2018). In the present study, the origin
of most tick submissions was near major population centers, particu-
larly those specimens associated with recent travel history of the host.
The key point is that a region that does not have any tick presence
records may not be devoid of ticks. This highlights the importance of
outreach to rural communities in Alaska about ticks, particularly be-
cause of the prevalence of hunting and trapping in these areas. Con-
versely, it should be noted that the opposite is also true – the presence
of a tick in the state does not necessarily represent an expansion of its
range. In the context of the Alaska Submit-A-Tick Program, many of the
submitted ticks were associated with recent travel of the host outside of
the state. We relied on self-reported travel history for all members of
the household, which may lead to misclassification of a locally-acquired
tick. But even among those ticks submitted that were accurately clas-
sified as locally-acquired, individual tick records may represent ad-
ventitious ticks that were transported by migratory birds into the state
(Ogden et al., 2006c) that will not be able to survive due to lack of
suitable vegetation, hosts, or climatic limitations as discussed above.
Nonetheless, data collected through the passive surveillance program
may serve as an early indicator of the introduction and potential for
establishment of medically-important tick species in Alaska, particular
as climate change continues to make temperatures more suitable for
tick survival.

We found no records of Dermacentor albipictus, the winter tick, in
this study. This tick has been found in western Canada (Leo et al., 2014)
and has caused severe morbidity and mortality in moose in the north-
eastern United States (Jones et al., 2019). A decrease in the Alaskan
moose population would negatively impact an important food resource
for many residents, particularly those living in rural areas who collec-
tively harvest approximately 70 pounds of wild game meat per capita
each year (Fall, 2016). Outreach to hunters and trappers with in-
formation on where to look for ticks on a variety of mammalian wildlife
such as moose, wolves, foxes, bears, and caribou may provide an early
warning of newly imported tick species.

By combining tick presence records from multiple data sources, we
have established a baseline from which to track the range expansion of
ticks in Alaska. Despite the limitations of passive surveillance, it will
likely be the most resource-effective method for continued tick mon-
itoring in the state. Given the rapid rate of climatic change in Arctic and
sub-Arctic regions, and evidence of tick spread in other northern re-
gions, it is likely that the tick population in Alaska will continue to
change. Proactive, consistent monitoring and increasing tick awareness
among clinicians and residents, particularly pet owners and those

traveling out of state, are important public health activities in areas
where ticks are an emerging concern. Collaborative surveillance and
education programs that involve public health, human medicine, ve-
terinary, and wildlife expertise and agencies can be an effective model
for simultaneously, and synergistically, protecting human and animal
health.
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