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Abstract 

Background: White-tailed deer (Odocoileus virginianus) host numerous ectoparasitic species in the eastern USA, 
most notably various species of ticks and two species of deer keds. Several pathogens transmitted by ticks to humans 
and other animal hosts have also been found in deer keds. Little is known about the acquisition and potential for 
transmission of these pathogens by deer keds; however, tick-deer ked co-feeding transmission is one possible 
scenario. On-host localization of ticks and deer keds on white-tailed deer was evaluated across several geographical 
regions of the eastern US to define tick-deer ked spatial relationships on host deer, which may impact the vector-
borne disease ecology of these ectoparasites.

Methods: Ticks and deer keds were collected from hunter-harvested white-tailed deer from six states in the eastern 
US. Each deer was divided into three body sections, and each section was checked for 4 person-minutes. Differences 
in ectoparasite counts across body sections and/or states were evaluated using a Bayesian generalized mixed model.

Results: A total of 168 white-tailed deer were inspected for ticks and deer keds across the study sites. Ticks (n = 1636) 
were collected from all surveyed states, with Ixodes scapularis (n = 1427) being the predominant species. Counts of I. 
scapularis from the head and front sections were greater than from the rear section. Neotropical deer keds (Lipoptena 
mazamae) from Alabama and Tennessee (n = 247) were more often found on the rear body section. European deer 
keds from Pennsylvania (all Lipoptena cervi, n = 314) were found on all body sections of deer.

Conclusions: The distributions of ticks and deer keds on white-tailed deer were significantly different from each 
other, providing the first evidence of possible on-host niche partitioning of ticks and two geographically distinct deer 
ked species (L. cervi in the northeast and L. mazamae in the southeast). These differences in spatial distributions may 
have implications for acquisition and/or transmission of vector-borne pathogens and therefore warrant further study 
over a wider geographic range and longer time frame.
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Introduction
White-tailed deer (Odocoileus virginianus (Zimmer-
mann, 1780)) in the eastern US host numerous ectopar-
asites, including at least 19 species of ticks [1, 2] and 2 
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species of deer keds [3, 4]. These cervids are the princi-
pal host for adult blacklegged ticks (Ixodes scapularis 
Say, 1821) as well as winter ticks (Dermacentor albipictus 
(Packard, 1869)) and lone star ticks (Amblyomma ameri-
canum (Linnaeus, 1758)). Deer keds are hematophagous 
ectoparasitic flies, and the two species present in east-
ern North America are European deer keds (Lipoptena 
cervi (Linnaeus, 1758)) and Neotropical deer keds (L. 
mazamae Róndani, 1878). These two species are geo-
graphically distinct, with L. cervi found in the northeast-
ern US and adjacent Canada and L. mazamae found in 
the southeastern US into South America, with a small 
region of range overlap in the Appalachian Mountains of 
western Virginia and eastern Tennessee [5–7].

As vector-borne disease cases continue to rise in the 
US, tick-borne pathogens have become of increasing 
concern to scientists, medical professionals, and the pub-
lic [8]. Along with Borrelia burgdorferi, blacklegged ticks 
can transmit disease agents such as Anaplasma phagocy-
tophilum [9], Babesia microti [10], and Ehrlichia muris 
eauclairensis [11–13], the causative agents of anaplas-
mosis, babesiosis, and ehrlichiosis, respectively. Lone 
star ticks are associated with E. chaffeensis [14, 15]  and 
E. ewingii [16], agents of ehrlichiosis, while winter ticks 
are associated with A. marginale [17, 18], which causes 
anaplasmosis in cattle. While deer keds are known to bite 
people and cause dermatitis in humans in Europe [19], 
they have generally been considered medically unimpor-
tant in North America because deer ked bites on humans 
are not widely reported in this region and evidence of 
pathogen transmission to humans is lacking [20]. Recent 
studies, including several from North America, have 
nevertheless identified zoonotic pathogens in deer keds 
collected from cervids; these include Anaplasma spp. 
[21–26], Bartonella spp. [23, 27–34], Borrelia spp. [24, 
35], Ehrlichia spp. [35], and Rickettsia spp. [21, 23]. How-
ever, the role of deer keds in the transmission dynamics 
of these pathogens, if any, remains unclear.

Ectoparasites can acquire pathogens by feeding on 
infected hosts, but deer keds are one-host flies that are 
not known to interact with the primary reservoir hosts 
(i.e. small rodents) of many of these pathogens. As such, 
there is uncertainty as to how some of these typically 
tick-borne pathogens are acquired by deer keds. Vertical 
transmission of Bartonella schoenbuchensis by deer keds 
has been suggested, based on detection of the bacteria in 
immature stages and winged adults [23, 27, 31]. Another 
possible route is co-feeding transmission, whereby an 
uninfected deer ked could acquire a pathogen by feeding 
in close proximity to another infected ectoparasite, even 
if the host itself is not systemically infected with that 
pathogen. This route of pathogen acquisition is impor-
tant in several Ixodes spp. tick-host systems [36–38].

This study was motivated by anecdotal reports that 
tick and deer ked infestations of white-tailed deer in 
the southeastern USA differ by body section and geo-
graphical location. Such spatial localization of different 
ectoparasite species on the host could have implications 
for disease dynamics, particularly if ticks and deer keds 
are sharing pathogens through co-feeding transmission. 
The probability of co-feeding transmission is known to 
decline with increasing distance between co-feeding ticks 
[39–42], so localization of ticks and deer keds on dif-
ferent parts of a host’s body would be expected to also 
reduce the risk of pathogen transmission between the 
two species.

Differences in on-host parasite distribution may reflect 
host suitability on a host landscape scale [43] as well as 
geographical region, ecological history, and competitive 
interactions. Previous studies have described feeding 
sites for L. cervi on red deer (Cervus elaphus), fallow deer 
(Dama dama), and moose in Europe [44, 45] and I. scap-
ularis [46–50] and A. americanum [51] on white-tailed 
deer in North America, but these studies have been lim-
ited to a single geographical location. Competitive inter-
actions between tick species have been demonstrated on 
white-tailed deer [50], but this has not been evaluated 
between two unrelated groups of ectoparasites, such as 
ticks and deer keds. Our objective was to evaluate the 
presence and on-host localization of tick and deer ked 
species on naturally infested white-tailed deer in different 
geographical regions. These data will help improve our 
understanding of parasite utility of the same host, which 
may influence pathogen sharing via co-feeding.

Methods
During the 2018–2019 deer-hunting season, ectopara-
sites were collected from hunter-harvested white-tailed 
deer at check stations or meat processors in six eastern 
states (Table  1). Henceforth, “deer” will refer to white-
tailed deer, unless otherwise stated. The inspection and 
collection process was reported in detail by Poh et  al. 
[52]. In summary, the head, front, and rear of each deer 
(Fig. 1) were inspected prior to butchering, and ectopara-
sites were located visually and by running gloved hands 
or flea combs through the body hair. Ectoparasites found 
in each section were preserved in vials of 70% EtOH by 
body section.

For collections made in Virginia, Kentucky, Tennes-
see, and Alabama, only deer freshly shot on the morn-
ing of collection (assessed by lack of rigor of the carcass) 
were inspected, and the three sections were inspected 
for 2 min each. Maryland conducted similar collections 
for deer freshly shot during county-run sharp shooting 
events, and each of the three sections were inspected 
for 2 min by two technicians for 4 person-minutes total 
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per body section. In Pennsylvania, all available deer were 
inspected, and each section was inspected for 2 min by 
two individuals for 4 person-minutes total per body sec-
tion. The maximum time since death for deer in Pennsyl-
vania was 4 days, with most deer (71%) being checked the 
day after harvest and harvested deer held outside in low 
temperatures (< 4 °C) prior to inspection, which arrested 
arthropod movement (personal observation by KCP, JRE, 
MJS, ETM). While it is possible for deer keds to move or 
leave the host after host death, previous literature has 
described other dipteran species to slow or cease move-
ment between 5 and 15  °C, depending on the species 
[53–56]. Additionally, since the methods of collection 
were the same within states, this would not be expected 
to affect relative abundances of different species or the 

patterns of abundances in different body sections within 
states. Methodological differences affecting ectoparasite 
abundance may be confounded with state, however, so 
we only compared abundances within each state.

Ticks were identified morphologically at the Hick-
ling Laboratory at the University of Tennessee, the Penn 
State Veterinary Entomology Laboratory, and the Mul-
linax Spatial Wildlife Ecology Laboratory at the Univer-
sity of Maryland using standard keys [57–61]. Deer keds 
were identified at the Penn State Veterinary Entomol-
ogy Laboratory using the key presented by Skvarla and 
Machtinger [5]. Deer keds and Pennsylvania tick vouch-
ers were deposited in the Frost Entomological Museum 
at Penn State; Virginia, Kentucky, Tennessee, and Ala-
bama tick specimens were retained in the Center for 
Wildlife Health at the University of Tennessee; Maryland 
tick samples were retained in the Mullinax Spatial Wild-
life Ecology Laboratory at the University of Maryland. 
Henceforth, states will be referred to as the standard state 
abbreviations established by the US Postal Service [62].

Statistical analyses
To test differences in abundances of ticks and deer keds 
within each body section per state, a Bayesian gener-
alized mixed model was constructed using the pack-
age brms V.2.14.4 [63]. In the full model, the number 
of ectoparasites detected was modeled using a negative 
binomial distribution and contained the three-way inter-
action among ectoparasite species, state, and region 
along with a random effect of individual deer to control 
for repeated measures. All fixed effects had Student’s 
t priors, with three degrees of freedom, a mean of zero, 
and standard deviation of 10, while all other effects used 
the default priors [64]. The model was run for 10,000 
iterations with a warmup of 2000. For model selection, all 
potential subsets of the full model that retained at least 
the random effect were compared with Pareto smoothed 

Table 1 Locations where white-tailed deer were inspected for ectoparasites, ordered by decreasing latitude

County and coordinates refer to the inspection site; some deer may have been harvested in adjacent counties

Location Sampling date State County Latitude Longitude Site description

Bair’s Deer Processing 11/27–12/2/18 PA Lancaster 40.1291  − 76.5853 Meat processor

Bennett Creek Conservation Park 12/20/18 MD Montgomery 39.3062  − 77.2026 Multi-use park

Rachel Carson Conservation Park 12/17/18 MD Montgomery 39.2199  − 77.0876 Multi-use park

Black Hill Regional Park 12/14/18 MD Montgomery 39.1928  − 77.2975 Multi-use park

Woodstock Equestrian Park 1/4/19 MD Montgomery 39.1884  − 77.4320 Multi-use park

Green Valley Processors 11/17/18 VA Amhurst 37.5229  − 79.2916 Meat processor

H&M Processors 11/10/18 KY Clay 37.1845  − 83.7640 Meat processor

Bethyl Valley, Oak Ridge 11/03/18 TN Anderson 35.9656  − 84.2478 Agency check station

Oakmulgee, Talladega 11/23/18 AL Hale 32.9565  − 87.4601 Agency check station

Fig. 1 Diagram of the head (H), front (F), and rear (R) sections of 
white-tailed deer that were inspected for ectoparasites; each section 
was inspected for 2 min
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importance sampling leave-one-out cross-validation 
(PSIS-LOO [65]). A post-hoc analysis was conducted on 
the top model using Bayesian hypothesis tests for differ-
ences in abundance across body sections for each state 
and ectoparasite species.

Results
A total of 1636 I. scapularis (adults), D. albipictus 
(nymphs and adults), and A. americanum (adults) ticks 
were collected from 168 deer across six states in the east-
ern US (Table 2). At least one tick species was collected 
from each state, with I. scapularis being the predominant 
species found in each state (Table 2). Amblyomma ameri-
canum and D. albipictus are included in summary statis-
tics (Table 2), but were excluded from statistical analyses 
because of low sample sizes. Hereafter, “ticks” will refer 
to statistical results for I. scapularis only.

The top model containing the three-way interaction 
among all effects performed best (Table 3), with clear var-
iation across each variable and their interactions (Fig. 2, 
Table  4), and explained a reasonable proportion of the 
observed variance (R2 = 0.59 ± 0.04). The model showed 
good convergence between chains (Ȓ values ≤ 1.01; 
Table  4, Additional file  1: Fig. S1), unimodal posterior 
distributions, and good chain mixing. Ticks were con-
sistently more common in the head section and less 
common in the rear section, with the exception of AL, 
where ticks were generally rare and no differences were 
detected (Fig.  2). Similarly, the only significant pairwise 
comparison in MD was between the head and front body 
sections, though data were limited in this state (Table 5).

Deer keds were collected in three states: AL, PA, and 
TN (Table  2). Deer keds in AL and TN were identified 
as L. mazamae, whereas deer keds in PA were identi-
fied as L. cervi. Lipoptena mazamae from AL and TN 
were mostly confined to the rear body section and were 
significantly more abundant toward the rear (Table  5). 
In contrast, L. cervi in PA were evenly distributed across 

all body sections, with no significant difference in abun-
dances among body sections (Table 5).

Discussion
This study was motivated by anecdotal reports that 
tick and deer ked infestations of white-tailed deer dif-
fer by body section and geographical location. To quan-
tify these reports, we collected ticks and deer keds from 

Table 2 Number of deer sampled and means (± SE) of deer keds and adult ticks collected from white-tailed deer in each state, 
November 2018–January 2019

a Deer ked species recovered were Lipoptena cervi and L. mazamae, which are geographically separate [5]. Lipoptena cervi were collected from PA only, and L. mazamae 
were collected from AL and TN

State Number of deer 
sampled

Deer  keda Ixodes scapularis Amblyomma 
americanum

Dermacentor albipictus

Alabama 14 3.00 (0.64) 2.43 (1.32) 0.07 (0.07) 0.00 (0.00)

Kentucky 20 0.00 (0.00) 13.80 (2.41) 0.00 (0.00) 0.75 (0.26)

Maryland 20 0.00 (0.00) 1.35 (0.33) 0.00 (0.00) 0.00 (0.00)

Pennsylvania 87 3.60 (0.49) 6.39 (0.79) 0.00 (0.00) 2.05 (0.49)

Tennessee 20 10.25 (1.73) 23.80 (2.79) 0.05 (0.05) 0.65 (0.38)

Virginia 7 0.00 (0.00) 8.29 (1.60) 0.00 (0.00) 0.14 (0.14)

Table 3 Model selection table using PSIS-LOO

elpd loo is the Bayesian leave-one-out cross-validation estimate of the expected 
log pointwise predictive density, Δelpd is the difference in the expected 
predictive accuracy for each model from the top model, and Δse is the standard 
error of this difference. All models with interactions also included all lower order 
effects

Model Δelpd Δse elpd loo elpd loo se

 ~ State*Section*Species 0.00 0.00  − 1352.05 48.01

 ~ State*Section + State*Spec
ies + Section*Species

 − 22.48 5.62  − 1374.53 48.35

 ~ Species*Section + State*
Species

 − 51.36 11.41  − 1403.40 48.66

 ~ State*Section + Section*
Species

 − 73.71 10.12  − 1425.75 50.31

 ~ State*Section + State*S
pecies

 − 97.70 13.03  − 1449.74 48.92

 ~ State + Section*Species  − 104.20 13.06  − 1456.24 50.27

 ~ Section*Species  − 119.56 13.15  − 1471.61 50.45

 ~ Section + State*Species  − 124.85 15.26  − 1476.89 49.06

 ~ State*Species  − 133.71 15.59  − 1485.75 49.20

 ~ State*Section + Species  − 141.87 13.88  − 1493.92 49.97

 ~ State*Section  − 159.35 14.82  − 1511.40 50.53

 ~ State + Section + Species  − 177.01 16.51  − 1529.05 50.61

 ~ State + Species  − 182.12 16.84  − 1534.16 50.63

 ~ State + Section  − 187.83 16.67  − 1539.88 50.80

 ~ Section + Species  − 200.39 17.72  − 1552.43 51.74

 ~ Species  − 205.62 17.89  − 1557.67 51.80

 ~ State  − 206.20 17.64  − 1558.24 51.38

 ~ Section  − 210.33 17.88  − 1562.38 51.87

 ~ 1  − 230.07 19.14  − 1582.12 52.94
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hunter-harvested deer brought to check stations or meat 
processors in six states in the eastern US during the fall 
2018 hunting season. The results confirm that geographic 
location and co-occurring ectoparasite species impact 
the extent to which ticks and deer keds co-infest the same 
individual deer and the same body section of the host dif-
fers in ways that may be relevant to vector-borne disease 
ecology, such as co-feeding transmission as a method to 
share pathogens between two different ectoparasites.

Tick infestation of the deer we sampled was dominated 
by I. scapularis, primarily found in the head and front 
sections of the deer, regardless of state. Interestingly, pre-
vious reports of tick distributions on white-tailed deer 
in Pennsylvania recorded more I. scapularis on the body 

than the head during 3-min searches in two body sec-
tions [50], whereas in the current study I. scapularis was 
primarily found on the head and the front regions of deer. 
The deer tested in the previous study were confined to 
one fenced location, whereas the deer sampled in the cur-
rent study were free ranging and from many areas of each 
state; we speculate that habitat structure may have played 
a role in these differences seen between studies. There 
are several reports of adult ticks attaching to the head or 
front sections of white-tailed deer, roe deer, and red deer 
[47–49, 66–68], perhaps because the head is the first part 
of the deer to encounter vegetation as it moves through 
the woods or during feeding [51]. If ticks are climb-
ing onto the host from the legs, ticks may then migrate 

Fig. 2 Predicted mean number of ticks and deer keds per deer body section (head, front, rear; ± 95% credible intervals, represented by vertical 
lines) expected to be found across body section and US state. Gray circles represent raw data (i.e. numbers of ectoparasites collected from each 
sampled deer)
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upwards to the front section because they detect exhaled 
carbon dioxide [69], which may further explain why ticks 
were mostly collected from the head and/or front sec-
tions. Greater hair density on the chest can protect ticks 
from desiccation, unfavorable temperatures, and removal 
by vegetation [66, 70], which may also explain this for-
ward and upward movement and attachment. Further-
more, deer may be less able to effectively groom the head 
and front sections to dislodge fully-attached ticks.

It is unclear how adult deer keds find their hosts dur-
ing the winged adult stage. There is evidence that deer 
keds typically use host movement as their primary cue 
to identify a host, although deer keds have occasionally 
been collected in traps baited with  CO2 so they may also 
be attracted to exhaled carbon dioxide [71–75]. Relying 
on different cues during host-seeking and being able to 
navigate more quickly through pelage may be a proxi-
mate explanation for why deer keds differ from ticks in 
their localization on host deer.

The difference in spatial infestation patterns of north-
ern and southern deer keds on cervid hosts suggests 
behavioral differences between the two deer ked species. 
Lipoptena cervi, collected in PA, are a non-native spe-
cies that was first found in North America in 1907 and 
thought to have been introduced sometime in the late 
1800s via deer imported from Europe [76, 77]. In con-
trast, Lipoptena mazamae, collected in TN and AL, are 
native to North, Central, and South America. Although 
L. mazamae is known as the “Neotropical” deer ked, 
Bequaert [78] reported this species of deer ked in the 
US, Mexico, Brazil, and Argentina. In this study, L. 
mazamae were more likely to be found in the rear sec-
tion of white-tailed deer compared to the head or front 
sections, whereas L. cervi were spread more evenly across 
the body. In contrast, studies in Europe have found that 
L. cervi is more prevalent on the groin and flank of red 
deer and fallow deer and the front of moose [44, 45]. 
Host grooming response is a consideration, as deer keds 
have been found in the rumen of red deer and infested 
semi-domestic reindeer [Rangifer tarandus tarandus 
(Linnaeus, 1758)] and white-tailed deer show increased 
grooming behavior when deer keds are present [44, 79, 
80], which suggests that deer can groom themselves (by 
licking, chewing, or scratching) to remove deer keds 
from their bodies. Additionally, deer ked bites pro-
duce papules that are accompanied by intense itching in 
humans [81]. Deer may also experience intense itching, 
thereby alerting deer to the presence of the deer ked fol-
lowed by prompt removal through scratching, biting, and 
other grooming behaviors [44, 79, 80]. If deer are not able 

Table 4 Model effects summary table, with estimate, upper, and 
lower credibility intervals (CI) and Ȓ to assess chain convergence

Effect Estimate SE Lower CI Upper CI Ȓ

Deer SD(intercept) 0.78 0.10 0.58 0.99 1.00

Intercept 0.85 0.17 0.51 1.20 1.00

StateAL  − 1.60 0.58  − 2.77  − 0.46 1.00

StateKY 1.21 0.39 0.46 1.99 1.00

StateMD  − 1.20 0.46  − 2.09  − 0.30 1.00

StateTN 2.14 0.36 1.44 2.86 1.00

StateVA 1.19 0.59 0.07 2.40 1.00

SectionFront 0.08 0.21  − 0.33 0.49 1.00

SectionRear  − 3.10 0.36  − 3.84  − 2.42 1.00

SpeciesKed  − 1.05 0.23  − 1.51  − 0.60 1.00

StateAL:SectionFront 0.47 0.73  − 0.94 1.91 1.00

StateKY:SectionFront  − 1.60 0.50  − 2.58  − 0.62 1.00

StateMD:SectionFront  − 1.61 0.76  − 3.15  − 0.18 1.00

StateTN:SectionFront  − 1.51 0.45  − 2.38  − 0.63 1.00

StateVA:SectionFront  − 1.83 0.79  − 3.37  − 0.30 1.00

StateAL:SectionRear 2.54 0.85 0.87 4.21 1.00

StateKY:SectionRear  − 1.95 0.99  − 4.05  − 0.17 1.00

StateMD:SectionRear 1.96 0.74 0.48 3.39 1.00

StateTN:SectionRear  − 0.82 0.64  − 2.07 0.43 1.00

StateVA:SectionRear  − 12.56 13.06  − 43.73  − 1.05 1.00

StateAL:SpeciesKed  − 5.46 3.65  − 14.55  − 0.54 1.00

StateKY:SpeciesKed  − 16.60 10.70  − 45.09  − 4.84 1.00

StateMD:SpeciesKed  − 14.66 10.35  − 40.97  − 2.61 1.00

StateTN:SpeciesKed  − 8.53 3.25  − 16.66  − 4.35 1.00

StateVA:SpeciesKed  − 15.66 12.33  − 47.21  − 3.28 1.00

SectionFront:SpeciesKed 0.09 0.32  − 0.54 0.73 1.00

SectionRear:SpeciesKed 3.24 0.44 2.41 4.11 1.00

StateAL:SectionFront:Spe
ciesKed

5.05 3.72  − 0.16 14.23 1.00

StateKY: 
SectionFront:SpeciesKed

 − 4.51 12.32  − 33.31 14.03 1.00

StateMD: 
SectionFront:SpeciesKed

 − 4.18 12.09  − 32.01 14.18 1.00

StateTN: 
SectionFront:SpeciesKed

8.25 3.29 3.91 16.44 1.00

StateVA: 
SectionFront:SpeciesKed

 − 4.90 12.77  − 35.00 14.28 1.00

StateAL: 
SectionRear:SpeciesKed

5.63 3.71 0.43 14.82 1.00

StateKY: 
SectionRear:SpeciesKed

 − 4.51 12.29  − 33.65 14.37 1.00

StateMD: 
SectionRear:SpeciesKed

 − 5.82 12.13  − 34.78 12.49 1.00

StateTN: 
SectionRear:SpeciesKed

9.44 3.31 4.99 17.62 1.00

StateVA:SectionRear:Spec
iesKed

 − 2.58 13.01  − 32.46 18.91 1.00

Shape (phi) 0.79 0.10 0.62 1.00 1.00
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to reach their rear areas to groom themselves, this may 
be an advantageous location for deer keds. The native L. 
mazamae may have behaviorally adapted to deer groom-
ing over evolutionary time whereas the non-native L. 
cervi do not have this behavioral response to native deer 
behavior or perhaps they have evolved to be more gen-
eralist in their feeding behavior and would not have the 
same response to deer grooming behavior.

Niche partitioning based on the coevolutionary rela-
tionship of deer keds with ticks may also explain differ-
ences in the number of ectoparasites found in each body 
section [82]. Native ticks and L. mazamae may have co-
evolved to avoid resource competition, with Neotropi-
cal deer keds found at the rear and ticks found at the 
head. Niche partitioning has previously been shown for 
within-host parasite distribution with feather mites on 
birds, where different preferences and interactions (i.e. 
competition) between the mites on the bird host shaped 
the distribution of mites among and on individual hosts 

[83, 84]. On white-tailed deer, niche partitioning has 
been previously observed between I. scapularis and D. 
albipictus, with D. albipictus predominantly found in the 
head section when competing with I. scapularis [50]. As 
a recently introduced species, L. cervi may exhibit less 
niche partitioning and/or more competition with native 
ticks, which may explain why it is found more evenly over 
the entire body of the deer even when native ticks like I. 
scapularis are also present.

Ixodes scapularis and L. cervi feed on the same host in 
PA, where Lyme disease is endemic, which raises ques-
tions about the role deer keds could play in acquiring and 
potentially transmitting zoonotic pathogens now or in 
the future. Co-feeding ticks have been shown to horizon-
tally transmit pathogens [37]. Deer keds feeding on deer 
could ingest pathogens from systemically infected deer or 
by co-feeding transmission from nearby ticks. For exam-
ple, Matsumoto et  al. [30] reported detection of B. sch-
oenbuchensis in L. cervi and I. scapularis co-feeding on 

Table 5 Post-hoc analysis of differences in abundance across body sections for each species state combination

Contrasts for keds in states where they were never reported were removed. “Is” represents Ixodes scapularis, “Lm” represents Lipoptena mazamae, and “Lc” represents 
Lipoptena cervi
* Statistically significant at the 0.05 level based on 95% credibility intervals (CI) that do not cross 0

State Species Contrast Est Error Lower CI Upper CI Significance

AL Is Head—front 0.54 0.69  − 0.81 1.91

AL Is Head—rear  − 0.58 0.77  − 2.10 0.92

AL Is Front—rear  − 1.11 0.69  − 2.48 0.21

KY Is Head—front  − 1.52 0.45  − 2.41  − 0.64 *

KY Is Head—rear  − 5.05 0.91  − 7.06  − 3.46 *

KY Is Front—rear  − 3.53 0.91  − 5.54  − 1.92 *

MD Is Head—front  − 1.53 0.74  − 3.04  − 0.16 *

MD Is Head—rear  − 1.14 0.65  − 2.45 0.10

MD Is Front—rear 0.39 0.82  − 1.18 2.05

PA Is Head—front 0.08 0.21  − 0.34 0.48

PA Is Head—rear  − 3.11 0.36  − 3.84  − 2.44 *

PA Is Front—rear  − 3.19 0.36  − 3.92  − 2.51 *

TN Is Head—front  − 1.43 0.40  − 2.21  − 0.65 *

TN Is Head—rear  − 3.93 0.53  − 4.99  − 2.90 *

TN Is Front—rear  − 2.50 0.54  − 3.58  − 1.46 *

VA Is Head—front  − 1.74 0.76  − 3.23  − 0.26 *

VA Is Head—rear  − 15.39 11.16  − 44.86  − 4.15 *

VA Is Front—rear  − 13.65 11.18  − 43.06  − 2.37 *

AL Lm Head—front 5.77 3.82 0.69 14.70 *

AL Lm Head—rear 8.40 3.79 3.47 17.25 *

AL Lm Front—rear 2.62 0.75 1.23 4.17 *

PA Lc Head—front 0.17 0.24  − 0.31 0.65

PA Lc Head—rear 0.14 0.25  − 0.34 0.62

PA Lc Front—rear  − 0.03 0.24  − 0.50 0.44

TN Lm Head—front 6.90 3.23 2.72 15.08 *

TN Lm Head—rear 8.75 3.22 4.60 16.91 *

TN Lm Front—rear 1.85 0.44 1.00 2.71 *
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white-tailed deer. Because deer keds feed multiple times 
per day on a single animal and can live for at least a year 
and possibly longer on host [44, 76, 85], there could be 
multiple opportunities for tick-deer ked pathogen trans-
mission. It remains unknown, however, whether deer 
keds that acquire a pathogen are capable of transmitting 
pathogens back to co-feeding ticks, humans, or other 
hosts [27, 31].

Based on findings in this study, which imply that ticks 
and Neotropical deer keds may not consistently feed in 
close proximity to each other, transmission of pathogens 
via co-feeding between ticks and deer keds may not be 
the primary method that deer keds acquire pathogens; 
deer keds may instead acquire these pathogens while 
feeding on an infected host or via vertical transmission. 
On the other hand, European deer keds may still par-
ticipate in co-feeding transmission given that they were 
found in the same body sections as ticks. Clearly, the 
route of pathogen acquisition and potential transmission 
by deer keds warrant further future investigation. A study 
that looked in more detail at the spatial locations of tick 
and deer ked feeding sites on deer could help address this 
question, although one difficulty is that the long lifespan 
and high mobility of deer keds mean they could poten-
tially acquire pathogens by co-feeding with ticks on a dif-
ferent host days to months before being collected.

The variability of deer ked and tick distributions on 
white-tailed deer highlights the need to further study 
deer ked-host and deer ked-tick relationships. Assuming 
white-tailed deer are reservoirs for pathogens that have 
been previously detected in L. cervi individuals, patho-
gens detected from deer keds would likely differ based 
on other ectoparasites and pathogens circulating in dif-
ferent geographical regions. A larger investigation span-
ning hosts from many states is necessary to improve our 
understanding of the potential role of deer keds in the 
transmission and survival of zoonotic pathogens. A tem-
poral study of pathogens in ectoparasites feeding on the 
same deer would also help to understand the probability 
of co-occurrences of these pathogens in ticks and deer 
keds more generally.

Conclusions
This is the first evidence of on-host spatial partition-
ing of ticks and two geographically distinct deer ked 
species (L. cervi in the northeast and L. mazamae in 
the southeast) on white-tailed deer hosts; partition-
ing was observed across multiple host body sections 
and across geographical regions. These differences in 
the distribution of ectoparasites on deer hosts could be 
related to the evolutionary relationship among ticks, 
deer keds, and their hosts, where native deer keds and 
ticks were more likely to confine themselves to specific 

sections of deer and native deer keds may be found in 
areas on the host that prevent premature removal via 
host grooming. Lipoptena cervi, which is not native to 
the US, was recovered in the northeast and was gener-
ally evenly distributed across all body sections of deer 
while L. mazamae, a native species, was confined to the 
rear sections. Ixodes scapularis was primarily found in 
the head or front sections in all cases. Given the spatial 
distribution differences of ticks and L. mazamae from 
white-tailed deer, co-feeding as a route of pathogen 
sharing between this species of deer keds and ticks may 
not be the most likely route of pathogen acquisition. 
Instead, deer keds may acquire pathogens when feed-
ing on an infected host or through vertical transmis-
sion. However, finding L. cervi ubiquitously throughout 
all body sections of deer may support co-feeding trans-
mission of pathogens with I. scapularis. Behavioral dif-
ferences between related deer ked species emphasize 
the need to further investigate the relationship among 
deer keds, their hosts, and other ectoparasites and how 
these play a role in pathogen risk and transmission.

Abbreviations
AL: Alabama; EtOH: Ethanol; KY: Kentucky; MD: Maryland; PA: Pennsylvania; TN: 
Tennessee; VA: Virginia.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13071- 021- 05148-9.

Additional file 1: Figure S1. Rootogram showing performance of the 
model in the presence of zeroes in the dataset. The line and shaded area 
represent model predictions and 95% credible intervals. The histogram 
bars represent the actual data.

Acknowledgements
We extend our gratitude to the deer processors, agency staff, and hunters 
of AL, KY, MD, PA, TN, and VA that participated in our study and allowed us 
to search their deer for deer keds and ticks. We also thank our field study 
volunteers for dedicating their time and effort to search for deer keds and ticks 
on hunter-harvested deer. Mention of trade names or commercial products in 
this publication is solely for the purpose of providing specific information and 
does not imply recommendation or endorsement by the USDA. The USDA is 
an equal opportunity provider and employer.

Authors’ contributions
KCP analyzed and interpreted data and was a major contributor in drafting 
and revising the manuscript. JRE interpreted data and was a major contribu-
tor in drafting and revising the manuscript. MS conceptualized the project, 
designed the methodology for collection, collected and interpreted data, and 
was a major contributor in drafting and revising the manuscript. CMK con-
ducted the statistical analyses, interpreted data, and contributed to drafting 
and revising the manuscript. PUO collected and interpreted data and contrib-
uted to drafting and revising the manuscript. GJH conceptualized the project, 
designed the methodology for collection, collected and interpreted data, 
and was a major contributor in drafting and revising the manuscript. JM con-
ceptualized the project, designed the methodology for collection, collected 
and interpreted data, and was a major contributor in drafting and revising 
the manuscript. ETM conceptualized the project, designed the methodology 
for collection, collected and interpreted data, and was a major contributor in 

https://doi.org/10.1186/s13071-021-05148-9
https://doi.org/10.1186/s13071-021-05148-9


Page 9 of 11Poh et al. Parasites & Vectors           (2022) 15:31  

drafting and revising the manuscript. All authors read and approved the final 
manuscript.

Funding
This work was supported by the USDA National Institute of Food and 
Agriculture and Multistate/Regional Research Appropriations under Project 
#PEN04670 and Accession #1017875 (ETM) and NIFA Hatch Project #TEN00516 
and Accession #1012932 (GJH). Funding for PUO was provided by USDA-ARS 
Project #3094-32000-042-00-D.

Availability of data and materials
The datasets generated and analyzed during the current study are available in 
the Penn State Data Archiving repository, https:// data. psu. edu/.

Declarations

Ethics approval and consent to participate
Conducted under the approval of the Penn State IACUC board (protocol 
number 201900871) and the UT Institute of Agriculture IACUC board (protocol 
number 1846-0609).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Entomology, Penn State University, University Park, PA 16802, 
USA. 2 Department of Environmental Science and Technology, University 
of Maryland, College Park, MD 20742, USA. 3 Livestock Arthropod Pests 
Research Unit, United States Department of Agriculture, Kerrville, TX 78028, 
USA. 4 The Center for Wildlife Health, University of Tennessee Institute of Agri-
culture, Knoxville, TN 37996, USA. 

Received: 22 October 2021   Accepted: 29 December 2021

References
 1. Spielman A, Clifford CM, Piesman J, Corwin MD. Human babesiosis on 

Nantucket Island, USA: description of the vector, Ixodes (Ixodes) dammini, 
n. sp. (Acarina: Ixodidae). J Med Entomol. 1979;15:218–34.

 2. Smith JS. Survey of ticks infesting white-tailed deer in 12 southeastern 
states. Univ. of Ga., College of Veterinary Medicine, Dept. of Parasitology; 
1977.

 3. Richardson ML, Demarais S. Parasites and condition of coexisting popula-
tions of white-tailed and exotic deer in south-central Texas. J Wildl Dis. 
1992;28:485–9.

 4. Senger CM. Louse-flies from mule and white-tailed deer in Western 
Montana. J Parasitol. 1957;45:89.

 5. Skvarla MJ, Machtinger ET. Deer keds (Diptera: Hippoboscidae: Lipoptena 
and Neolipoptena) in the United States and Canada: New state and 
county records, pathogen records, and an illustrated key to species. J 
Med Entomol. 2019;56:744–60.

 6. Skvarla MJ, Butler RA, Fryxell RT, Jones CD, Burrell MVA, Poh KC, et al. First 
Canadian record and additional new state records for North American 
deer keds (Diptera: Hippoboscidae: Lipoptena cervi (Linnaeus) and L. 
mazamae Rondani). J Entomol Soc Ontario. 2020;151:33–40.

 7. Hightower L, Moncrief ND, Ivanov K. First Records of the Neotropical Deer 
Ked Lipoptena mazamae Róndani (Diptera: Hippoboscidae) from Virginia. 
Banisteria. 2019;53:78–83.

 8. Rosenberg R, Lindsey NP, Fischer M, Gregory CJ, Hinckley AF, Mead 
PS, et al. Vital Signs: trends in reported vectorborne disease cases 
— United States and territories, 2004–2016. Morb Mortal Wkly Rep. 
2018;67:496–501.

 9. Levin ML, Fish D. Acquisition of coinfection and simultaneous transmis-
sion of Borrelia burgdorferi and Ehrlichia phagocytophila by Ixodes scapula-
ris ticks. Infect Immun. 2000;68:2183–6.

 10. Spielman A. Human babesiosis on Nantucket Island: transmission by 
nymphal Ixodes ticks. Am J Trop Med Hyg. 1976;25:784–7.

 11. Johnson DKH, Schiffman EK, Davis JP, Neitzel DF, Sloan LM, Nicholson WL, 
et al. Human infection with Ehrlichia muris–like pathogen, United States, 
2007–2013. Emerg Infect Dis. 2015;21:1794–9.

 12. Pritt BS, Sloan LM, Hoang Johnson DK, Munderloh UG, Paskewitz SM, 
McElroy KM, et al. Emergence of a new pathogenic Ehrlichia species, 
Wisconsin and Minnesota, 2009. N Engl J Med. 2011;365:422–9.

 13. Pritt BS, Allerdice MEJ, Sloan LM, Paddock CD, Munderloh UG, Rikihisa Y, 
et al. Proposal to reclassify Ehrlichia muris as Ehrlichia muris subsp. muris 
subsp. nov. and description of Ehrlichia muris subsp. eauclairensis subsp. 
nov., a newly recognized tick-borne pathogen of humans. Int J Syst Evol 
Microbiol. 2017;67:2121–6.

 14. Anderson BE, Dawson JE, Jones DC, Wilson KH. Ehrlichia chaffeensis, 
a new species associated with human ehrlichiosis. J Clin Microbiol. 
1991;29:2838–42.

 15. Ewing SA, Dawson JE, Kocan AA, Barker RW, Warner CK, Panciera RJ, 
et al. Experimental transmission of Ehrlichia chaffeensis (Rickettsiales: 
Ehrlichieae) among white-tailed deer by Amblyomma americanum (Acari: 
Ixodidae). J Med Entomol. 1995;32:368–74.

 16. Buller RS, Arens M, Hmiel SP, Paddock CD, Sumner JW, Rikihisa Y, et al. 
Ehrlichia ewingii, a newly recognized agent of human ehrlichiosis. N Engl 
J Med. 1999;341:148–55.

 17. Ewing SA, Panciera RJ, Kocan KM, Ge NL, Welsh RD, Olson RW, et al. A 
winter outbreak of anaplasmosis in a nonendemic area of Oklahoma: 
A possible role for Dermacentor albipictus. J Vet Diagnostic Investig. 
1997;9:206–8.

 18. Zaugg JL. Seasonality of natural transmission of bovine anaplasmo-
sis under desert mountain range conditions. J Am Vet Med Assoc. 
1990;196:1106–9.

 19. Härkönen S, Laine M, Vornanen M, Reunala T. Deer ked (Lipoptena cervi) 
dermatitis in humans - an increasing nuisance in Finland. Alces Thunder 
Bay: Lakehead University. 2009;45:73–9.

 20. Lloyd JE. Louse flies, keds, and related flies (Hippoboscoidea). Med Vet 
Entomol. Elsevier; 2002. p. 349–62.

 21. Hornok S, Fuente J, Biró N, Mera IG, Meli ML, Elek V, et al. First Molecular 
Evidence of Anaplasma ovis and Rickettsia spp in Keds (Diptera: Hip-
poboscidae) of Sheep and Wild Ruminants. Vector-Borne Zoonotic Dis. 
2011;11:1319–21.

 22. Víchová B, Majláthová V, Nováková M, Majláth I, Čurlík J, Bona M, et al. PCR 
detection of re-emerging tick-borne pathogen, Anaplasma phagocyt-
ophilum, in deer ked (Lipoptena cervi) a blood-sucking ectoparasite of 
cervids. Biologia (Bratisl). 2011;66:1082.

 23. De Bruin A, Van Leeuwen AD, Jahfari S, Takken W, Földvári M, Dremmel L, 
et al. Vertical transmission of Bartonella schoenbuchensis in Lipoptena cervi. 
Parasites Vectors. 2015;23:9.

 24. Buss M, Case L, Kearney B, Coleman C, Henning JD. Detection of Lyme 
disease and anaplasmosis pathogens via PCR in Pennsylvania deer ked. J 
Vector Ecol. 2016;41:292–4.

 25. Foley JE, Hasty JM, Lane RS. Diversity of rickettsial pathogens in Colum-
bian black-tailed deer and their associated keds (Diptera: Hippoboscidae) 
and ticks (Acari: Ixodidae). J Vector Ecol. 2016;41:41–7.

 26. Jahfari S, Coipan EC, Fonville M, Van Leeuwen AD, Hengeveld P, Heylen D, 
et al. Circulation of four Anaplasma phagocytophilum ecotypes in Europe. 
Parasit Vectors. 2014;7:1–11.

 27. Duodu S, Madslien K, Hjelm E, Molin Y, Paziewska-Harris A, Harris PD, et al. 
Bartonella infections in deer keds (Lipoptena cervi) and moose (Alces alces) 
in Norway. Appl Environ Microbiol. 2013;79:322–7.

 28. Halos L, Jamal T, Maillard R, Girard B, Guillot J, Chomel B, et al. Role of Hip-
poboscidae flies as potential vectors of Bartonella spp infecting wild and 
domestic ruminants. Appl Environ Microbiol. 2004;70:6302–5.

 29. Reeves WK, Nelder MP, Cobb KD, Dasch GA. Bartonella spp in deer keds, 
Lipoptena mazamae (Diptera: Hippoboscidae), from Georgia and South 
Carolina, USA. J Wildl Dis. 2006;42:391–6.

 30. Matsumoto K, Berrada ZL, Klinger E, Goethert H, Telford SR III. Molecular 
detection of Bartonella schoenbuchensis from ectoparasites of deer in 
Massachusetts. Vector-Borne Zoonotic Dis. 2008;8:549–54.

 31. Korhonen EM, Perez Vera C, Pulliainen AT, Sironen T, Aaltonen K, Kortet R, 
et al. Molecular detection of Bartonella spp in deer ked pupae, adult keds 
and moose blood in Finland. Epidemiol Infect. 2015;143:578–85.

https://data.psu.edu/


Page 10 of 11Poh et al. Parasites & Vectors           (2022) 15:31 

 32. Souza U, DallAgnol B, Michel T, Webster A, Klafke G, Martins JR, et al. 
Detection of Bartonella sp in deer louse flies (Lipoptena mazamae) on 
grey brocket deer (Mazama gouazoubira) in the Neotropics. J Zoo Wildl 
Med. 2017;48:532–5.

 33. Szewczyk T, Werszko J, Steiner-Bogdaszewska Z, Jezewski W, Laskowski 
Z, Karbowiak G. Molecular detection of Bartonella spp in deer ked 
(Lipoptena cervi) in Poland. Parasit Vectors. 2017;10:1–7.

 34. Sato S, Kabeya H, Ishiguro S, Shibasaki Y, Maruyama S. Lipoptena forti-
setosa as a vector of Bartonella bacteria in Japanese sika deer (Cervus 
nippon). Parasit Vectors. 2021;14:1–10.

 35. Hulinska D, Votypka J, Plch J, Vlcek E, Valesova M, Bojar M, et al. Molecular 
and microscopical evidence of Ehrlichia spp and Borrelia burgdorferi 
in patients, animals and ticks in the Czech Republic. Microbiologica. 
2002;25:437–48.

 36. Randolph SE, Gern L, Nuttall PA. Co-feeding ticks: Epidemiological 
significance for tick-borne pathogen transmission. Parasitol Today. 
1996;12:472–9.

 37. Belli A, Sarr A, Rais O, Rego ROM, Voordouw MJ. Ticks infected via co-
feeding transmission can transmit Lyme borreliosis to vertebrate hosts. 
Sci Rep. 2017;7:1–13.

 38. Ogden NH, Nuttall PA, Randolph SE. Natural Lyme disease cycles main-
tained via sheep by co-feeding ticks. Parasitology. 1997;115:591–9.

 39. Piesman J, Mather TN, Sinsky RJ, Spielman A. Duration of tick attachment 
and Borrelia burgdorferi transmission. J Clin Microbiol. 1987;25:557–8.

 40. Gern L, Rais O. Efficient transmission of Borrelia burgdorferi between 
cofeeding Ixodes ricinus ticks (Acari: Ixodidae). J Med Entomol. 
1996;33:189–92.

 41. Sato Y, Nakao M. Transmission of the Lyme disease spirochete, Borrelia 
garinii, between infected and uninfected immature Ixodes persulcatus 
during cofeeding on mice. J Parasitol. 1997;83:547–50.

 42. Patrican LA. Acquisition of Lyme disease spirochetes by cofeeding Ixodes 
scapularis ticks. Am J Trop Med Hyg. 1997;57:589–93.

 43. Lydecker HW, Etheridge B, Price C, Banks PB, Hochuli DF. Landscapes 
within landscapes: A parasite utilizes different ecological niches on the 
host landscapes of two host species. Acta Trop. 2019;193:60–5.

 44. Haarløv N. Life cycle and distribution pattern of Lipoptena cervi (L.)(Dipt., 
Hippobosc.) on Danish deer. Oikos. 1964;15:93–129.

 45. Paakkonen T, Mustonen A, Roininen H, Niemelä P, Ruusila V, Nieminen P. 
Parasitism of the deer ked, Lipoptena cervi, on the moose, Alces alces, in 
eastern Finland. Med Vet Entomol. 2010;24:411–7.

 46. Westrom DR, Lane RS, Anderson JR. Ixodes pacificus (Acari: Ixodidae): 
population dynamics and distribution on Columbian black-tailed deer 
(Odocoileus hemionus columbianus). J Med Entomol. 1985;22:507–11.

 47. Schmidtmann ET, Carroll JF, Watson DW. Attachment-Site Patterns of 
Adult Blacklegged Ticks (Acari: Ixodidae) on White-Tailed Deer and 
Horses. J Med Entomol. 1998;35:59–63.

 48. Kiffner C, Lödige C, Alings M, Vor T, Rühe F. Abundance estimation of 
Ixodes ticks (Acari: Ixodidae) on roe deer (Capreolus capreolus). Exp Appl 
Acarol. 2010;52:73–84.

 49. Kiffner C, Lödige C, Alings M, Vor T, Rühe F. Attachment site selection of 
ticks on roe deer Capreolus capreolus. Exp Appl Acarol. 2011;53:79–94.

 50. Baer-Lehman ML, Light T, Fuller NW, Barry-Landis KD, Kindlin CM, Stewart 
RL. Evidence for competition between Ixodes scapularis and Dermacentor 
albipictus feeding concurrently on white-tailed deer. Exp Appl Acarol. 
2012;58:301–14.

 51. Bloemer SR, Zimmerman RH, Fairbanks K. Abundance, attachment sites, 
and density estimators of lone star ticks (Acari: Ixodidae) infesting white-
tailed deer. J Med Entomol. 1988;25:295–300.

 52. Poh KC, Skvarla M, Evans JR, Machtinger ET. Collecting deer keds (Diptera: 
Hippoboscidae: Lipoptena Nitzsch, 1818 and Neolipoptena Bequaert, 
1942) and ticks (Acari: Ixodidae) from hunter-harvested deer and other 
cervids. J Insect Sci. 2020;20:1–10.

 53. Ragland SS, Sohal RS. Ambient temperature, physical activity and aging in 
the housefly Musca domestica. Exp Gerontol. 1975;10:279–89.

 54. Mellanby K. Low temperature and insect activity. Proc R Soc B Biol 
Sociences. 1939;127:473–87.

 55. Nicholson AJ. The influence of temperature on the activity of sheep-
blowflies. Bull Entomol Res. 1934;25:85–99.

 56. Carpenter S, Szmaragd C, Barber J, Labuschagne K, Gubbins S, Mellor P. 
An assessment of Culicoides surveillance techniques in northern Europe: 

have we underestimated a potential bluetongue virus vector? J Appl 
Ecol. 2008;45:1237–45.

 57. Clifford CM, Anastos G, Van der Borght-Elbl A. The larval ixodid ticks of the 
eastern United States. Misc Publ Entomol Soc Am. 1961;2:215–44.

 58. Keirans JE, Litwak TR. Pictorial key to the adults of hard ticks, family 
Ixodidae (Ixodida: Ixodoidea), east of the Mississippi River. J Med Entomol. 
1989;26:435–48.

 59. Keirans JE, Durden LA. Illustrated Key to Nymphs of the Tick Genus 
Amblyomma (Acari: Ixodidae) Found in the United States. J Med Entomol. 
1998;35:489–95.

 60. Mathison BA, Pritt BS. Laboratory identification of arthropod ectopara-
sites. Clin Microbiol Rev. 2014;27:48–67.

 61. Dubie TR, Grantham R, Coburn L, Noden BH. Pictorial Key for Identifica-
tion of Immature Stages of Common Ixodid Ticks Found in Pastures in 
Oklahoma. Southwest Entomol. 2017;42:1–14.

 62. United States Postal Service. Appendix B: Two–Letter State and Posses-
sion Abbreviations. 2020 [cited 2020 Aug 1]. https:// pe. usps. com/ text/ 
pub28/ 28apb. htm

 63. Bürkner PC. Bayesian Regression Models using Stan. R Packag version. 
2017;1.

 64. Gelman A, Jakulin A, Pittau MG, Su Y. A default prior distribution for logis-
tic and other regression models. Ann Appl Stat. 2008;2:1360–83.

 65. Vehtari A, Gelman A, Gabry J. Practical Bayesian model evaluation using 
leave-one-out cross-validation and WAIC. Stat Comput. 2017;27:1413–32.

 66. Watson TG, Anderson RC. Ixodes scapularis Say on White-Tailed Deer (Odo-
coileus virginianus) from Long Point. Ontario J Wildl Dis. 1976;12:66–71.

 67. Mysterud A, Hatlegjerde IL, Sørensen OJ. Attachment site selection of life 
stages of Ixodes ricinus ticks on a main large host in Europe, the red deer 
(Cervus elaphus). Parasit Vectors. 2014;7:1–5.

 68. Handeland K, Qviller L, Vikøren T, Viljugrein H, Lillehaug A, Davidson 
RK. Ixodes ricinus infestation in free-ranging cervids in Norway—A 
study based upon ear examinations of hunted animals. Vet Parasitol. 
2013;195:142–9.

 69. Holscher KH, Gearhart HL, Barker RW. Electrophysiological Responses of 
Three Tick Species to Carbon Dioxide in the Laboratory and Field. Ann 
Entomol Soc Am. 1980;73:288–92.

 70. Bubenik GA. Morphological investigations of the winter coat in white-
tailed deer: Differences in skin, glands and hair structure of various body 
regions. Acta Theriol (Warsz). 1996;41:73–82.

 71. Blume RR, Miller JA, Eschle JL, Matter JJ, Pickens MO. Trapping tabanids 
with modified malaise traps baited with CO2. Mosq News. 1972;32:90–5.

 72. Anderson JR, Hoy JB. Relationship between host attack rates and CO 
2-baited insect flight trap catches of certain Symphoromyia species. J 
Med Entomol. 1972;9:373–93.

 73. Hribar LJ. A louse fly (Diptera: Hippoboscidae) collected in a dry ice-
baited light trap. Entomol News. 2013;123:41–2.

 74. Yamauchi T, Tsuda Y, Sato Y, Murata K. Pigeon louse fly, Pseudolynchia 
canariensis (Diptera: Hippoboscidae), collected by dry-ice trap. J Am 
Mosq Control Assoc. 2011;27:441–3.

 75. Kortet R, Härkönen L, Hokkanen P, Härkönen S, Kaitala A, Kaunisto S, et al. 
Experiments on the ectoparasitic deer ked that often attacks humans; 
Preferences for body parts, colour and temperature. Bull Entomol Res. 
2010;100:279–85.

 76. Bequaert JC. The Hippoboscidae or louse-flies (Diptera) of mammals 
and birds Part I Structure, physiology and natural history. Entomol Am. 
1953;33:211–442.

 77. Samuel WM, Madslien K, Gonynor-mcguire J. Review of Deer Ked 
(Lipoptena cervi) on Moose in Scandinavia With Implications for North 
America. Alces. 2012;48:27–33.

 78. Bequaert JC. A Monograph of the Melophaginae Or Ked-Flies of 
Sheep, Goats, and Antelopes (Diptera: Hippoboscidae). Entomol Am. 
1942;22:1–220.

 79. Heine KB, DeVries PJ, Penz CM. Parasitism and grooming behavior of 
a natural white-tailed deer population in Alabama. Ethol Ecol Evol. 
2017;29:292–303.

 80. Kynkäänniemi SM, Kettu M, Kortet R, Härkönen L, Kaitala A, Paak-
konen T, et al. Acute impacts of the deer ked (Lipoptena cervi) infesta-
tion on reindeer (Rangifer tarandus tarandus) behaviour. Parasitol Res. 
2014;113:1489–97.

https://pe.usps.com/text/pub28/28apb.htm
https://pe.usps.com/text/pub28/28apb.htm


Page 11 of 11Poh et al. Parasites & Vectors           (2022) 15:31  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 81. Härkönen S, Laine M, Vornanen M, Reunala T. Deer ked (Lipoptena 
cervi) dermatitis in humans–an increasing nuisance in Finland. Alces. 
2009;45:73–9.

 82. Huyse T, Poulin R, Théron A. Speciation in parasites: A population genetics 
approach. Trends Parasitol. 2005;21:469–75.

 83. Fernández-González S, Pérez-Rodríguez A, de la Hera I, Proctor HC, Pérez-
Tris J. Different space preferences and within-host competition promote 
niche partitioning between symbiotic feather mite species. Int J Parasitol. 
2015;45:655–62.

 84. Stefan LM, Gómez-Díaz E, Elguero E, Proctor HC, McCoy KD, González-
Solís J. Niche Partitioning of Feather Mites within a Seabird Host Calonec-
tris borealis. PLoS ONE. 2015;10:1–18.

 85. Härkönen L, Kaitala A. Host dynamics and ectoparasite life histories of 
invasive and non-invasive deer ked populations. In: Canning-Clode J, 
editor. Biological Invations in Changing Ecosystems: Vectors, Ecological 
Impacts, Management and Predictions. 1st ed. Warsaw: De Gruyter Open 
Poland; 2015. p. 212–29.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Patterns of deer ked (Diptera: Hippoboscidae) and tick (Ixodida: Ixodidae) infestation on white-tailed deer (Odocoileus virginianus) in the eastern United States
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Statistical analyses

	Results
	Discussion
	Conclusions
	Acknowledgements
	References




