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Parasites & Vectors

Scent detection dogs detect a species 
of hard tick, Dermacentor albipictus, 
with comparable accuracy and efficiency 
to traditional tick drag surveys
Troy Koser1,5*, Aimee Hurt2, Laura Thompson3, Alyson Courtemanch4, Benjamin Wise4 and Paul Cross5 

Abstract 

Background  Accurate surveillance data are critical for addressing tick and tick-borne pathogen risk to human 
and animal health. Current surveillance methods for detecting invading or expanding tick species are limited in their 
ability to scale efficiently to state or national levels. In this study we explored the potential use of scent detection dogs 
to assist field surveys for a hard tick species: Dermacentor albipictus.

Methods  We used a series of indoor and in situ training simulations to teach scent detection dogs to recognize D. 
albipictus scent, distinguish tick scent from associated vegetation, and develop a cautious search pattern. After train-
ing, we deployed both a scent detection dog survey team and a human-only survey team on transect and surveil-
lance plot surveys then compared the detection rates and efficiency of both methods.

Results  Scent detection dogs required more time and money to train on field surveys but were comparable to tra-
ditional tick drags when accounting for cost per unit area surveyed. There was a lack of agreement on positive (ticks 
present) versus negative (ticks not present) sites between the two methods, implying that neither method is particu-
larly reliable at detecting D. albipictus.

Conclusions  Estimating detection bias and false negative rates for tick surveillance methods such as tick drags will 
be important for accurately evaluating tick-borne disease risk across space and into the future. We found scent detec-
tion dogs to be a reasonable alternative sampling approach to consider when ticks are at low abundance or patchily 
distributed such as during tick range expansion or novel invasions. Scent detection dogs may also be useful for sam-
pling for ticks in areas or along surfaces that are difficult to sample with the traditional tick drag technique like at ports 
of entry or livestock competitions.
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Background
Ticks, specifically ixodid (hard) tick species, pose a sig-
nificant and growing threat to human and animal health 
in the USA and around the world. Ticks are responsible 
for vectoring pathogens causing > 90% of nationally noti-
fiable human vector-borne disease cases reported in the 
USA and are major pests in the cattle industry and some 
wildlife conservation settings [1–5]. The recognition of 
several novel human and animal pathogens in ticks and 
associated hosts, as well as a wide diversity of potentially 
pathogenic agents, has increased awareness to the emer-
gence of tick-borne disease threats in the USA [6–8]. Fur-
thermore, climate change has been linked to longer active 
seasons and increased reproduction rates in important 
tick vectors like Ixodes scapularis and, alongside human 
movement of ticks and their hosts, creates new opportu-
nities for species invasion or range shifts [9–12].

Understanding current trends in tick distribution and 
abundance is critical to estimating tick-borne disease risk 
and investigating the interactions between ticks, hosts, 
and the environment. A common technique for survey-
ing tick populations is in  situ or active surveillance for 
ticks seeking a host (i.e., “questing”) through techniques 
like dragging a flannel cloth across a prescribed survey 
path which provides information on tick species presence 
and density [13, 14]. Pathogen prevalence of infected 
ticks can be determined from drag surveys if collected 
ticks are tested for specific disease-causing agents. Drag-
ging for ticks involves relatively low resource invest-
ment and has similar detection rates when compared to 
other methods of tick collection like dry ice-baited traps 
[15–18]. Though tick drags are by far the most common 
tick population survey technique, survey effectiveness 
depends on the spatial scales, tick species attachment 
behavior(s), and habitat types or other environmen-
tal conditions under investigation [15, 17]. For surveys 
aimed at detecting rare or less conspicuous tick species, 
as may be the case for an invading or expanding spe-
cies, techniques for sampling larger areas or with greater 
detection probabilities may be necessary.

Scent detection dogs have been used to detect several 
inconspicuous, cryptic, or rare wildlife species including 
koala (Phascolarctos cinereus), Franklin’s ground squir-
rel (Poliocitellus franklinii), and brown marmorated stink 
bugs (Halyomorpha halys) [19–21]. Though resources 
are needed to train scent detection dogs to find targets in 
field contexts without destroying or harming remains or 
animals, survey time per area is often shorter and detec-
tion rates higher than other methods [22–25]. For exam-
ple, overall detection rates and probability of detection 
(given presence) for black bears (Ursus americanus), fish-
ers (Martes pennanti), and bobcats (Lynx rufus) during 
scat surveys conducted with scent detection dogs were 

higher when compared to hair snare and camera surveys 
[26]. Scent detection dogs may prove a valuable tool in 
determining tick presence and abundance at previously 
unfeasible scales and study contexts such as widespread 
invasive tick surveillance given the variable efficacy of 
existing detection methods like dragging surveys.

In this study we experimentally trained scent detection 
dogs to recognize the target scent of a hard tick species, 
the winter tick (Dermacentor albipictus), and conducted 
field trials to compare accuracy and efficiency to human-
conducted surveys. The winter tick is a widespread one-
host tick in North America which attaches to a wide 
range of hosts but reaches high infestation loads on large 
ungulates like moose (Alces alces), elk (Cervus canaden-
sis), and caribou (Rangifer tardus) [42]. Dermacentor 
albipictus are known for infesting moose at densities high 
enough to lead to anemia and even death, with winter 
tick epizootics being linked to moose population declines 
at the southern end of their range [5, 27–29]. Tracking D. 
albipictus expansion into the northern reaches of Canada 
and southern Alaska is of concern for ungulate popula-
tion managers [30–32]. Here we present the first docu-
mented attempt, to our knowledge, to train and deploy 
scent detection dogs to survey for a hard tick species, D. 
albipictus, in situ. We also provide background on train-
ing scent detection dogs to identify tick scent and teach-
ing an appropriate search pattern. Finally, we compared 
the performance and resource investment of a scent 
detection dog-assisted survey team to a traditional tick 
drag survey.

Methods
Preliminary training
In 2020 two scent detection dogs with Working Dogs for 
Conservation (WD4C), an adult female Belgian Mali-
nois (Tule) and an adult female Labrador retriever (Lily), 
began training exercises at the WD4C facility in Turah, 
Montana to determine their ability to recognize D. albi-
pictus scent using wild-caught winter tick larvae. Both 
dogs demonstrated some ability to recognize D. albipic-
tus scent in controlled, indoor settings when trained to 
identify PVC elbow joints containing ticks versus control 
joints. Both dogs could also identify containers with ticks 
present and distinguish from control containers on an 
outdoor trail. These findings warranted further explora-
tion of their ability to detect questing ticks in the field in 
Jackson Hole, Wyoming. Lily retired at the end of 2020, 
thus field training continued with Tule and Frost, an adult 
male springer spaniel mix. Both Tule and Frost were 
selected to carry out field training for winter tick surveys 
because both dogs had experience in relevant field stud-
ies. Tule was already exposed to tick scent during prelim-
inary training and feasibility testing in Turah, Montana 
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while Frost had previous experience with hand presenta-
tions and searching for targets at head height where clus-
ters of tick larvae were most likely to be present.

Field training
In 2021 Tule and Frost began target scent recognition 
training and field exercises for D. albipictus surveys 
with their handler in Jackson Hole, Wyoming. The val-
ley of Jackson Hole is situated in northwestern Wyoming, 
south of Yellowstone National Park and contains Grand 
Teton National Park, Bridger-Teton National Forest, the 
National Elk Refuge, and the residential areas surround-
ing the towns of Jackson and Wilson. Elevations range 
from ~1850 m in the Snake River flood plain to ~4200 m 
in the Teton Range. Vegetation at lower elevations 
includes sagebrush (Artemisia spp.) communities with 
willow (Salex spp.) and cottonwood (Populus angustifo-
lia) galleries in riparian areas. Mixed conifer and aspen 
forests are present at mid-elevations including lodge-
pole pine (Pinus contorta), Douglas fir (Pseudotsuga 

menziesii), and aspen (Populus tremuloides). At mid-high 
elevations, spruce (Picea engelmannii) and subalpine fir 
(Abies lasiocarpa) are common.

During initial scent-imprinting, dogs were “marked” by 
the handler with an auditory cue when they smelled tar-
get scent and rewarded with either food or toy play. After 
imprinting of tick scent and dogs showed scent recogni-
tion, the dogs were expected to perform a trained final 
response (TFR), a previously trained behavior which was 
a sit with either a point at the handler or in the direc-
tion of the target scent when they pinpointed the source 
of target scent. Indoor training used a PVC elbow array 
where ticks with associated vegetation and three control 
containers with vegetation were presented to the dogs 
in various containment systems designed to keep ticks 
contained but allow air and scent cue to flow (Fig.  1). 
“Known” trials allowed the handler previous knowledge 
on elbow contents while "blind" trials only allowed the 
recorder to know elbow contents. During blind trials the 
handler and dog would stay in a separate room while the 

Fig. 1  a PVC elbow array used in indoor training of scent detection dogs to recognize Dermacentor albipictus scent and distinguish from associated 
vegetation. b The 50 ml Falcon® tube with paper towel and holes drilled on top to allow airflow, covered in organza. c Salt and pepper shaker 
with organza cloth covering holes. d Frost, a male springer spaniel mix at a survey site. e A muslin bag
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recorder organized the trial using gloves to prevent con-
taminating scent profiles. Once prepared, the recorder 
would signal to the handler that the trial could com-
mence and record every instance of alert or changes in 
behavior (CoB) as dictated by the handler. Containment 
systems included salt and pepper shakers with openings 
covered by organza, Falcon® tubes with organza cover-
ings, and muslin bags (Fig. 1). Falcon tubes and salt and 
pepper shakers with organza coverings produced the 
most reliable results while also preventing ticks from 
escaping the PVC elbows.

The primary difficulty in progression to in  situ tick 
detection was training a search pattern where dogs would 
carefully search vegetation tips for questing larval clus-
ters without destroying clusters so known clusters could 
be used for repeated trials. We used a variety of mecha-
nisms surrounding known clusters of questing larval 
ticks to prevent disturbance by the dogs while searching 
and to allow for repeated trials, including wrapping veg-
etation tips in large organza bags and placing 1-cm wire 
cages around vegetation (Fig. 2). Wire mesh cages around 
known tick clusters proved the best equipment for train-
ing target scent context and allowed for repeated trials. 

Indoor and in situ field training required 6 working days 
where dogs were actively trained on scent recognition 
and search patterns. Training also included 2 rest days 
where dogs were given time to process their training and 
technicians could assemble new training courses. The 
final 2 days of field training included twelve blind trials 
where scent detection dog and handler were presented a 
series of four “hot” cages with tick clusters and four nega-
tive control cages along a course. One dog, the Springer 
spaniel mix named Frost, established an effective search 
pattern and demonstrated the ability to reliably detect 
known tick clusters and reject controls using training and 
validation experiments similar to those reported in other 
scent detection dog studies [23–25].

Field surveys
We deployed both the scent detection dog-assisted team 
(Frost, handler, survey guide) and a human-only tradi-
tional tick drag team on field surveys for D. albipictus 
over the course of 2 days. Each survey location was first 
sampled by the scent detection dog-assisted team to pre-
vent scent contamination and bias from human-only sur-
veys. A technician without knowledge of the dog-assisted 

Fig. 2  a Frost, a male springer spaniel mix, checking a wire mesh cage with handler, Aimee Hurt, during Dermacentor albipictus field survey training 
exercises. b Wire mesh cage erected around a known cluster of questing D. albipictus larvae used in field training exercises. c Frost performing 
a trained final response (TFR) during field training. d Questing larval D. albipictus on vegetation within a wire mesh cage
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survey would then conduct a traditional human-only 
drag survey, followed finally by a guide from the scent 
detection dog surveys who dragged or flagged locations 
marked by the dog-assisted team. Marked locations from 
the dog-assisted survey were sampled after the traditional 
drag survey to avoid potential bias in technician drag pat-
terns if they were to notice evidence of previous activ-
ity like bent vegetation or flattened grass. Two forms of 
field trials were undertaken: 250 m transects and 500 m 
× 500  m surveillance plot surveys. The 250  m transect 
surveys are representative of a typical tick abundance 
and environmental association study where transects are 
stratified across environmental conditions of interest then 
sampled [13–15]. We stratified 32 transects in suitable D. 
albipictus habitats across the Jackson Hole valley in cot-
tonwood/riparian, sagebrush/mixed aspen, mixed forb/
grass, and conifer-dominated habitats at low (~ 1870 m), 
medium (~ 1980 m), medium-high (~ 2100 m), and high 
elevations (~ 2200  m) and allowed the scent detection 
dog and handler to search with a guide to ensure search-
ing was within ~ 10 m of the transect GPS path. Once the 
scent detection dog either performed a TFR or demon-
strated “change of behavior” (CoB), the handler would 
indicate to the guide which individual plant or cluster 
of vegetation was likely targeted. The guide would then 
record a GPS point and take a picture of the site for sam-
pling and recorded the distance from the nearest point 
on the transect to the indicated vegetation. A change of 
behavior was called by the handler when the dog changed 
from standard searching behavior to a set of innate 
behaviors consistently expressed in the presence of target 
odor, including a more excited state with exaggerated tail 
wagging and increased sniffing rate or intensity. After the 
scent detection dog team completed surveys, a techni-
cian with no knowledge of the dog-assisted survey detec-
tions would sample the same transects using a traditional 
human-only drag method. Dragging involved moving a 1 
m2 flannel cloth across available vegetation while track-
ing progress using a GPS device. The surveyor would 
check the drag cloth for ticks roughly every ten paces and 
remove any attached ticks using a lint roller. Ticks were 
later quantified and ~10 ticks per detection event were 
preserved in 75% ethanol to confirm species identity 
using a dichotomous key [33]. Upon tick detection, the 
surveyor would retrace their path to find the most likely 
origin source of ticks and record GPS location, vegetation 
type, and vegetation height. To ensure all ticks from the 
identified cluster were collected, the surveyor would then 
conduct a 10 m radius drag by dragging in a spiral away 
from the focal detection point. All ticks collected during 
origin-tracing and radius drags were given a “detection 
event” label. Once the human surveyor sampled a tran-
sect, the guide from the scent detection-assisted surveys 

then sampled TFR and CoB locations using a 10 m radius 
drag. None of the radius drags from scent detection dog-
assisted surveys overlapped within 5 m of a human sur-
veyor detection event, but if overlap were to occur, we 
would count the total tick abundance from an overlap-
ping detection event toward both survey types.

Surveillance plots were designed to simulate a survey 
type more suited to detect a rare or invading tick spe-
cies across a large area. We outlined three 500 m × 500 m 
surveillance plots in the northern, middle, and southern 
portions of Jackson Hole using flagging tape and flags 
and set a 500  m search path within the plot. As above, 
surveillance plots were first sampled by the scent detec-
tion team then a human surveyor and finally the guide 
from the scent detection team.

Transect results were analyzed using a McNemar’s χ2 
test from the stats package in R and larvae per cluster, 
larval density, and larval abundance per transect results 
were analyzed using a generalized linear model with a 
“quasipoisson” distribution in the package lme4 [34, 35].

The time required to complete transects and surveil-
lance plots was recorded for both methods. Overall costs 
for training and per transect and surveillance plot were 
calculated using the 2021 General Schedule (GS) pay rate 
for a GS-9 Step 1 field technician at $22.08/h rate for the 
human-only survey team and $73.75/hour for the dog 
handler salary, which includes insurance and care for the 
scent detection dogs (Table 2).

Results
Indoor and field training
One scent detection dog, Frost, demonstrated the ability 
to successfully identify D. albipictus larval cluster scent 
[known trials (n = 2) and blind trials (n = 4): 100% posi-
tive identification rate] and reject control or vegetation-
only containers [known trials (n = 2): 100% rejection rate 
for known trials, blind trials (n = 4): 80% rejection rate] 
in controlled indoor trials. Frost was also able to cor-
rectly identify all cages containing tick clusters and reject 
controls in 11/12 field training trials and established a 
careful search pattern where Frost would search tips of 
vegetation for tick clusters with minimal disturbance. 
Field training, including dog handler salary, dog insur-
ance and health care, supplies, lodging, and per diem, 
required 48 active working hours and cost $4246. Train-
ing for a human tick drag technician required 8 working 
hours and cost $376.64 including salary, supplies, and 
lodging (Table 2).

Field surveys
Field surveys were designed to compare a typical D. albi-
pictus survey using the tick drag method to a survey by a 
scent detection dog team. All ticks preserved in ethanol 
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from both survey types were confirmed as D. albipictus 
larvae using a dichotomous key. Ticks were detected on 
11 of 32 (34%) transects and in all three surveillance plots 
surveyed by the scent detection dog team while the tra-
ditional tick drag method found ticks on 14 of 32 (44%) 
transects and in all three surveillance plots. Six transects 
were found positive for ticks using both methods leaving 
13 discordant pairs where dog-assisted and human-only 
tick drag surveys did not agree on positive versus nega-
tive status. Results from the McNemar’s χ2 test did not 
reveal considerable differences between the predictive 
accuracies of the two survey methods (Table 1, χ2 = 0.308, 
df = 31, P = 0.579).

We found 66% fewer D. albipictus larvae in larval clus-
ters in the human-only tick drag surveys [mean = 45, 
95% confidence interval (CI) = 17–72] compared with 
dog-assisted surveys (mean = 132, 95% CI = 63–201, 
t(106) = −2.70, P = 0.009, Fig. 3a). We observed a small dif-
ference of 6% fewer larvae per meter surveyed on human-
only tick drag surveys compared to dog-assisted surveys 
(mean human = 0.25 larvae per meter, 95% CI = 0–0.54, 
mean dog = 0.24 larvae per meter, 95% CI = 0.08–0.39, 
t(34) = 0.088, P = 0.933, Fig. 3b). The scent detection dog-
assisted surveys detected a total of 17 larval clusters on 
32 transects and 21 clusters on 3 surveillance plots while 
the traditional tick drag method detected 29 clusters on 
transects and 21 clusters on surveillance plots.

Ticks were detected on 31 of 50 total (62%) TFRs and 
CoBs called by a scent detection dog and their handler 
across both transect and surveillance surveys. A total 
of 23 out of 28 (82%) TFRs were positive for ticks with 
an average cluster size of 123 larvae per detection (95% 
CI = 61–184) while 8 out of 22 (41%) CoBs were positive 
for ticks and on average yielded 24 larvae per detection 
(95% CI = 0–57). In total, 13 out of 25 (52%) of all TFRs 
and CoBs were positive for ticks on the first day of field 
surveys while 18 of 25 (80%) were positive on the second 
day.

On average, both the scent detection dog team and tra-
ditional tick drag methods found a larval cluster every 
5 m. The scent detection dog and handler also identified 
four tick clusters off-transect while on-route to survey 

sites. Distance from transect or search route line to iden-
tified tick cluster for the scent detection dog team was on 
average 109  cm for TFRs (95% CI = 56–161) and 93  cm 
for CoBs (95% CI = 4–183).

The average time to complete a 250 m transect for the 
scent detection dog, handler, and tick drag technician 
was 24  min (95% CI = 21–27) costing $27 per transect 
(95% CI = $24–$30) when accounting for salary alone 
compared to 53 min (95% CI = 49–58) and $20 per tran-
sect (95% CI = $18–$21) for the traditional tick drag 
method using a single tick drag technician (Figs. 3c and 
d). The average time to complete a 500 m × 500  m sur-
veillance plot for the dog-assisted team was 122 min (95% 
CI = 107–137) and cost $123 per plot (95% CI = $115–
$131) compared with 144  min (95% CI = 93–194) and 
$53 per plot (95% CI = $34–$72) for the traditional drag 
method. The combined efforts of dog handler, dog, and 
tick drag technician took 16 h or 2 working days to survey 
32 250 m transects and cost a total of $1275.32 ($39.84 
per transect), including salary, per diem, and lodg-
ing compared with 29 h or 4 working days and $840.32 
($26.25 per transect) for a tick drag technician on their 
own (Table  2). The dog-assisted team required 7  h or 
1  day to survey three 500 m × 500  m surveillance plots 
costing $711.41 ($237.14 per plot) while the traditional 
tick drag method took 8  h or 1  day and cost $226.64 
($75.55 per plot).

Overall survey speed for the scent detection team 
across both survey types was 11 m/min (95% CI = 10–13) 
and 5  m/min (95% CI = 4–6) for the human-only tick 
drag method.

Discussion
These field trials represent the first documented attempt 
to train and deploy scent detection dogs to search for a 
hard tick species in the field. Winter tick larval clus-
ter sizes detected by a scent detection dog tended to be 
larger than those detected via human-only dragging, 
implying that scent strength may relate to cluster size 
(Fig. 3a). Finding larger clusters of ticks may be desirable 
for risk-assessment purposes in tick-borne disease sys-
tems where infestation burdens are relevant for pathol-
ogy as is the case for the D. albipictus-moose and cattle 
fever tick systems. Though the number of tick-positive 
transects and number of detection events overall did not 
differ remarkably between dog-assisted and human sur-
veys (Table  1), dog-assisted surveys were roughly two 
times faster, which may prove critical for surveillance 
projects spanning large areas (Fig. 3c). A scent detection 
dog team costs roughly three times as much as a human-
only surveyor on an hourly basis and required site revisits 
to sample TFRs and CoBs, limiting the cost-effectiveness 
of dog surveys compared with the traditional tick drag 

Table 1  Dermacentor albipictus larvae detection results for two 
survey types: scent detection dog-assisted and human-only 
traditional tick drag surveys. Both teams surveyed the same 32 
250 m transects stratified across Jackson Hole, Wyoming

Scent detection dog surveys Human-only surveys

Positive Negative

Positive 6 5

Negative 8 13
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method for the 32 transects and 3 surveillance plots 
examined in this study (Fig. 3d). Field training and teach-
ing appropriate search patterns required 8  days and 
$4246 in direct costs for the scent detection dog team, 
which was more than ten times the training costs for a 
human surveyor at $376.64 in direct costs and one train-
ing day. We expect field training time and costs for the 
scent detection dog team to decrease in subsequent years 
of tick sampling since dogs have shown the ability to rec-
ognize target scents for long periods of time [23–26]. 
Interestingly, we found no overlap (within 5 m) in detec-
tion events between a scent detection dog-assisted sur-
vey team and the traditional tick drag method, implying 

that both methods have imperfect detection probabilities 
and highlighting the need for repeated sampling design, 
additional exploration of alternative survey methods, and 
accounting for detection probabilities in the analysis of 
tick abundance data.

While larvae were not recovered in 38% of overall alerts 
(both full TFRs and CoBs) made by the scent detection 
dog team, it is possible that questing larvae were present 
but not found via the imperfect drag method. Addition-
ally, false positive rates changed over time potentially as 
both dog and handler learned the context of target scent 
cues and as Frost was able to be rewarded immediately 
for performing a TFR on visible tick clusters. Except for 

Fig. 3  a Violin and boxplots visualizing the number of Dermacentor albipictus larvae detected per cluster identified in surveillance plots 
and transects, on a logarithmic scale, surveyed by human-only team using traditional tick drag method and a team assisted by a scent detection 
dog with handler. b Larval density detected via human-only tick drags versus dog-assisted teams on a logarithmic scale. c Visualizations of minutes 
spent to survey 32 individual 250 m transects by both human-only and scent detection dog-assisted teams. d Visualizations of dollars spent 
to survey 32 individual 250 m transects based on $22.08/h rate for a single human surveyor and $73.75/h for scent detection dog-assisted team 
plus $22.08/h rate to survey Trained Final Response (TFR) locations
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a few high infestation cases of thousands of larvae on 
the tips of vegetation, larval D. albipictus clusters are 
difficult to immediately identify and, thus, difficult to 
quickly reward Frost for positive identification. Even so, 
a handful (n = 8) TFRs or CoBs were able to be immedi-
ately identified as positive for tick larvae without drag-
ging, which may have reinforced field training and led to 
decreasing false positive rates over time. We believe that 
it is likely that Frost’s detection performance would have 
continued to improve with additional time and financial 
resources for training.

Determining tick species distribution and abundance 
at larger scales is vital to accurately assessing current 
and future disease risk. A major hindrance to wide-
spread active surveillance for ticks has been logistic 
constraints; unlike other vectors such as mosquitoes, 
which can be caught with traps near urban centers, only 
a handful of tick vectors are effectively trapped with dry 

ice traps and host-trapping grids are not easy to moni-
tor by groups such as pest management councils [18, 
36, 37]. Here we explore a potential efficient tick sur-
veillance method using scent detection dogs, a grow-
ing resource for conservation and other groups around 
the USA. Future research could investigate the ability 
of dogs to differentiate between species of ticks, which 
seems plausible given their ability to discriminate 
between the sign of closely related species such as griz-
zly (Ursus arctos) and black (Ursus americanus) bear 
scat [38]. Such an ability would be especially useful if 
dogs were to be used to search ports-of-entry, interna-
tional livestock shows, or other potential introduction 
avenues for high-risk tick species. Tick systems like the 
cattle fever tick (Rhipicephalus microplus) system on 
the USA–Mexico border may benefit from increased 
survey speeds and the ability to detect ticks on hosts 
at potential invasion hot spots [39]. The invasion and 

Table 2  Estimated costs for training a scent detection dog team to find a hard tick species in the field compared to a human-only tick 
drag survey. We also compared costs and hours/days worked to survey 32 250 m transects stratified across Jackson Hole, Wyoming 
and three 500 m × 500 m surveillance plots

a Handler service fee includes handler salary, dog care, insurance, and food as well as operational costs for WD4C
b Scent detection dogs require 2 days of rest for every 5 days of work

Type of cost Survey method Costs Cost per unit Units Total cost (USD$)

Training Human-only tick drags Training in WY $22.08/h 8 h 176.64

Supplies Drag cloth, gear, etc. 150

Lodging $50 per day 1 day 50

Total 1 day 376.64

Dog team Training in Wyoa $73.75/h 48 h 3540

Supplies PVC elbows, etc. 100

Handler per diem $51 per day 6 days 306

Lodging $50 per day 6 days 300

Total 8 daysb 4246

32 Transect surveys Human-only tick drags Salary $22.08/h 29 h 640.32

Lodging $50 per day 4 days 200

Total 4 days 840.32

Dog team Handler service feea $73.75/h 12 h 885

Handler per diem $51 per day 2 days 102

Technician salary $22.08/h 4 h 88.32

Lodging (handler) $50 per day 2 days 100

Lodging (technician) $50 per day 2 days 100

Total 2 days 1275.32

3 Surveillance plot surveys Human-only tick drags Salary $22.08/h 8 h 176.64

Lodging $50 per day 1 day 50

Total 1 day 226.64

Dog team Handler service feea $73.75/h 7 h 516.25

Handler per diem $51 per day 1 day 51

Technician salary $22.08/h 2 h 44.16

Lodging (handler) $50 per day 1 day 50

Lodging (technician) $50 per day 1 day 50

Total 1 day 711.41



Page 9 of 10Koser et al. Parasites & Vectors          (2025) 18:126 	

spread of the long-horned tick (Haemaphysalis longi-
cornis) across the eastern USA is another example of 
a system where widespread surveillance for questing 
ticks and attachment to livestock hosts may benefit 
from faster methods [40, 41].

Conclusions
Scent detection dogs may benefit widespread, well-
funded tick surveillance projects, but the traditional tick 
drag method is still likely to be the most cost-efficient 
tick surveillance approach for ecological association or 
abundance surveys. The lack of agreement between tick 
status using both methods implies important limita-
tions in detection probability and accuracy for the widely 
used tick drag method and raises the need to account for 
detection biases and estimating false negative rates if tick 
drag data are used to extrapolate distribution or abun-
dance across out-of-study areas [14, 15, 17]. Overall, we 
found that dog-assisted crews do not remarkably outper-
form human-conducted tick drag surveys but are faster 
and may be useful in niche survey situations, such as sur-
veys for tick species with potential for high aggregations, 
detecting invasive species, sampling unconventional sur-
faces like animals or shipping containers, and surveying 
over large areas.
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