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Abstract: When free-ranging birds are accidentally killed or die, there may be greater potential for their associated ticks
to detach, seek alternate hosts, and become established. We examined 711 carcasses of 95 avian species for ticks at a
stopover island of migratory birds in the Republic of Korea where only Ixodes nipponensis and I. persulcatus were previ-
ously reported from local mammals and vegetation. A total of 16 ticks, /. turdus and Haemaphysalis flava, were collected
from 8 fresh carcasses belonging to 5 avian species. Despite their known abundance on migratory birds and mainland
Korea, these species had not colonized the isolated insular ecosystem possibly due to the low abundance and diversity
of local hosts. The results imply that increasing human impact, such as the anthropogenic mortality of migratory birds and
the introduction of non-native mammalian hosts, will increase the potential invasion and colonization risk of ticks. This
finding also suggests that tick surveillance consisting of fresh carcasses of dead migratory birds may provide additional
information, often ignored in surveillance of ticks on live birds, for the potential introduction of non-native ticks and asso-

ciated pathogens affecting animal and human health.
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Ticks belonging to the family Ixodidae are common bird ec-
toparasites that are vectors of a number of zoonotic pathogens,
e.g, Rickettsia, Bartonella, Anaplasma, and Ehrlichia spp. and tick-
borne encephalitis virus, that impact wild and domestic ani-
mal/bird and human health [1-7]. Birds have been strongly
implicated as transport hosts of ticks from their breeding and
wintering grounds during their spring and fall migrations |[3-
5,8-13]. Recent climatic changes have altered migratory pat-
terns of birds [14,15]. The timing of altered migratory routes
have resulted in birds passing through areas not previously tra-
versed, which may result in the transport and introduction of
ticks and associated pathogens into previously non-native areas
[14].

Previous monitoring of migratory bird ticks and associated
pathogens were generally conducted by capturing and examin-
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ing live migratory birds [1,3-7,11]. Recently killed birds due to
window collision or those died from exhaustion due to the ex-
tended flight or diseases acquired at their breeding and winter-
ing grounds were not considered. Ticks may frequently remain
on their avian hosts for several days, which is often greater
than the host’s stopover period. Therefore, the occurrence of
ticks on live migratory birds at stopover sites is not necessarily
linked to the introduction of the ticks along their migratory
routes. Conversely, ticks on fresh migratory bird carcasses at
stopover sites represent the potential for the introduction of
non-native ticks and their associated pathogens from the host
site of origin due to detachment and search for alternate hosts.
This study aimed to provide an understanding of the potential
for the introduction of native and non-native ticks and their
associated pathogens from fresh avian carcasses recovered at a
migratory bird stopover site.

Ticks were examined and collected from migratory bird car-
casses recovered at Hong-do 1-gu village on Hong Island (Hong-
do) (N 34° 41’ E 125° 11’), Shinan-gun, Jeonnam Province, in
the Republic of Korea (hereafter Korea). Hong Island is located
115 km southwest of the Korean Peninsula and is a primary
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stopover site for migratory birds originating from their winter-
ing grounds in the subtropical and tropical Pacific Region or
breeding grounds in the northern latitude such as Siberia
[5,16]. Only 10 of >320 avian species are residents on Hong
Island [16], whereas the majority are non-breeding groups tra-
versing Hong Island on their route to their breeding (spring
migration) and wintering (fall) grounds. Therefore, Hong Is-
land is a key stopover site for migratory birds crossing the Yel-
low Sea, not a breeding area of resident birds, in Korea. On the
other hand, the terrestrial mammalian fauna is very poor be-
cause of its geographic isolation from mainland Korea and
China. The Brown Rat (Rattus norvegicus) was the only known
terrestrial mammal in the 1960s [17], and 2 more species (Us-
suri White-toothed Shrew Crocidura lasiura and Greater Horse-
shoe Bat Rhinolophus ferrumequinum) were reported in 2008
[18]. There are currently a small number of human-introduced
mammals such as domestic dogs (Canis lupus familiaris), do-
mestic and feral cats (Felis catus), and Siberian Weasels (Mustela
sibirica).

Fresh carcasses of migratory birds were collected daily at the
study site from January 2008 through October 2009. Birds
were identified to species and the cause (s) of mortality deter-
mined (e.g., window collision, attacks by mammal predators,
and dehydration or exhaustion resulting from the long flight).

We stored each dead bird in a plastic zip lock bag for 1 hr be-
fore examination and collected ticks released from the carcass.
Then we examined the bird carcass for ticks and removed the
remaining ticks using fine forceps and placed them in 2-ml
and 4-ml cryovials containing 70% ethanol [5,7,13]. Ticks
were provided to Force Health Protection & Preventive Medi-
cine (FHP &PM), 65th Medical Brigade/ MEDDAC-Korea,
Seoul, Korea, where they were identified to species using stan-
dard keys [19,20]. This tick surveillance on bird carcasses was
conducted concurrently with the surveillance on live migratory
birds on Hong Island [5].

To understand the local native tick fauna on Hong Island,
tick surveillance of local mammals using Havahart live animal
traps (81.3 cmx 25.4 cmx 30.5 cm; Woodstream Corp,, Lititz,
Pennsylvania, USA) were set out from April 2008 through
March 2010. We examined 54 cats (Felis catus) and 9 Siberian
weasels, and a total of 22 cats (40.7%) and one weasel (11.1%)
were infested with ticks. Ticks were similarly removed using
fine forceps and provided to the FHP&PM where they were
identified to species. Ixodes nipponensis Kitaoka and Saito (50
adults from 21 cats) and Ixodes persulcatus Schulze (2 adults
from 1 cat) were collected from the cats, while only I. nippon-
ensis (2 adults) was collected from 1 weasel (Fig. 1). Addition-
ally, tick surveillance was conducted using tick drags, a 1.0

Fig. 1. Ticks on fresh carcasses of migratory birds accidentally killed by window collision (upper panels) and live terrestrial mammals
(lower panels) on Hong Island, Shinan County in the Republic of Korea. (A) Scaly Thrush (Zoothera aurea) with 2 Ixodes turdus ticks on
its gape and chin; horizontal bar: 1.5 cm. (B) Male Black-faced Bunting (Emberiza spodocephala) with one /. turdus on its lower eyelid;
note the blood on the bill due to head trauma from collision; horizontal bar: 0.5 cm. (C) An active /. turdus nymph escaped from a dead
Scaly Thrush; the distance between 2 consecutive vertical bars is 1 mm. (D) Siberian Weasel (Mustela sibirica) with 2 adult /. niponnesis.
(E,F) Two adult . nipponensis found on and collected from a feral cat (Felis catus); horizontal bar: 1 mm.
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mx 1.5 m flannel cloth attached to a wooden dowel dragged
over open grassland vegetation and forested ground cover for
questing ticks [21], during August 2008 and 2009. While no
ticks were collected by tick drag, one blood-fed adult I. nippon-
ensis was collected from vegetation along a village roadside in
March 2010. During the same period, the shrews and rats killed
by cats and road accidents or found dead by poisoning were
also examined, but no ticks were detected. Live birds were not
used in this study, and all trapping and collection efforts were
approved and implemented by the Korea National Park Ser-
vice and local government (Shinan County Office).

A total of 711 dead birds belonging to 61 genera and 95 spe-
cies were collected and examined for ticks. No ticks were ob-
served from carcasses of resident birds, e.g., Peregrine Falcon
(Ealco peregrinus) (1), Great Tit (Parus major) (1), Varied Tits (P
varius) (6), and Brown-eared Bulbuls (Hypsipetes amaurotis) (2).
However, ticks were collected from the head region of 8 car-
casses (1.1%) of 5 migratory bird species, Scaly Thrushes (Zoo-
thera aurea) (3), Pale Thrushes (Turdus pallidus) (2), Thick-
billed Shrike (Lanius tigrinus) (1), Black-faced Bunting (Emberi-
za spodocephala) (1), and the Japanese White-eye (Zosterops ja-
ponicus) (1) (Fig. 1). Four of the species were true migratory
species, while the Japanese White-eye, a partial migrant, is not
a true resident in the study area [16]. From the bird carcasses,
a total of 16 live ticks were collected and identified as Ixodes
turdus Nakatsuji (13) and Haemaphysalis flava Neumann (3)
based on their morphology (Table 1; Fig. 2). Both species rep-
resented typical morphological features of their genera; H. fla-
va had relatively short palps and a triangular capitulum, while
L. turdus showed a more prolonged capitulum due to elongat-

ed palps [20]. In particular, the nymphs of I. turdus had well-
projected auriculae and well-developed external spurs on their
coxae (Fig. 2B) while those of I. nipponensis have less promi-
nent and blunt ones. Nymphs of H. flava are similar to those
of H. longicornis commonly collected on the mainland, but the
ventral spurs of palpal segments III were much shorter and
blunt along with less prominent spurs on their coxae (Fig. 2A).

Tick surveillance, conducted concurreltly on live birds in the
study area, also revealed that both I. turdus and H. flava were
the most commonly observed ticks on migratory birds [5].
However, despite such an abundance of immature I. turdus
and H. flava on live migratory birds in the study area [5], we
did not find any evidence of their colonization on the island.
Their ecology and hosts for different life stages are not well de-
scribed and still in debate, but I. turdus is a probable bird tick
in all life stages with few exceptional records on rodents [22],
and H. flava occurs on birds during their immature stages but
their adults are found primarily on medium to large mamma-
lian hosts [23]. Therefore, their absence or non-establishment
in the study area probably resulted from the low diversity and
abundance of their suitable avian and especially mammalian
hosts in a remote and isolated insular environment.

Although tick drags of vegetation and ground cover were
unsuccessful in collecting ticks, evidence suggests that at least
2 species, L. nipponensis and L persulcatus collected from local
mammals and their habitats, are well established and colo-
nized on the island. I. nipponensis are common and widely dis-
tributed ticks among many Korean mammals, including Sibe-
rian weasels, and while I. persulcatus is less commonly collect-
ed, it has been collected from cats on mainland Korea [24,25].

Table 1. Number of ticks, by species and stage of development, collected from 711 avian carcasses on Hong Island (Hong-do), a mi-
gratory bird stopover in the Republic of Korea, in 2008 and 2009. Only bird species with ticks were represented

Stage of development
Avian host No. carcasses  No. with ticks (%)* Tick species
Larvae Nymphs Total

Scaly Thrush 24 3(12.5) Ixodes turdus 3 6 9
Zoothera aurea

Pale Thrush 41 2(4.8) Ixodes turdus 0 8 8
Turdus pallidus

Thick-billed Shrike 1 1(100) Haemaphysalis flava 0 2 2
Lanius tigrinus

Black-faced Bunting 66 1(1.5) Ixodes turdus 0 1 1
Emberiza spodocephala

Japanese White-eye 23 14.3 Haemaphysalis flava 0 1 1
Zosterops japonicus

Total 155 8(5.2) 3 13 16

?nfestation rate = Number of bird carcasses with ticks/Total number of bird carcasses examined for ticks.
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Fig. 2. Typical morphological characteristics of the 2 tick genera, Haemaphysalis and Ixodes, collected from birds on Hong Island, Shi-
nan County in the Republic of Korea; ventral views of (A) Haemaphysalis flava and (B) Ixodes turdus. Horizontal scale bars: 100 pm.

Most of the poor mammal fauna on the island (cats, weasels,
dogs, and even possibly shrews) seem to be both intentionally
and accidentally introduced by human colonization to the in-
sular environment. Therefore, these colonized ticks might have
been introduced together with the introduction of their pre-
ferred mammalian hosts (cats and weasels). Otherwise, these
ticks at least benefited from the human-introduced mammals
after possible and occasional influx events by migratory birds,
because the nymphs of I. nipponensis, which were rare but
clearly found in live migratory birds [5], could feed on local
mammalian hosts to continue their life stages in the study
area.

In this study, unlike the previous tick and tick-borne disease
surveillance programs that only examined live avian hosts for
ectoparasites [1,3-7,11], we examined ticks from carcasses of

migratory birds on Hong Island that were killed or died of an-
thropogenic or natural causes on a stopover island and subse-
quently found unreported ticks from local fauna on the site.
Our data provide the first direct evidence of tick release and
influx from freshly killed birds to local environments. Our re-
sult suggests that migratory birds can serve as potential hosts
for the introduction of non-native ticks, either during extended
stays or as a result of death on stopover islands. Since time dif-
ferences between the death of migratory avian hosts and the
recovery of their carcasses influence the detection rate of ticks,
infestation rates were lower (1.1%) when compared to a simi-
lar study for ticks collected from live captured migratory birds
at the same study island (2.4%) [5], 3 stopover islands (2.0%)
[7], and Jeju Island (7.95%) [13] in Korea. Differences in the
tick prevalence may imply that many undetected ticks in this
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study may have already detached and released into the local
area from avian carcasses before collection and examination.
The possible introduction of the 2 non-native ticks to the is-
land is closely linked with the potential introduction of non-
native and emerging pathogens: e.g., Rickettsia japonica and
Borrelia spp. in H. flava [7,26] and Anaplasma, Bartonella, and
Borrelia spp. in L. turdus [6,26,27]. While zoonotic pathogens
are frequently identified from ticks attached to live migratory
birds, the occurrence and establishment of these ticks on stop-
over islands during bird migrations may not occur as frequent-
ly as from dead birds, because live host birds may depart the
areas before the ticks detach [8,9]. Most ticks observed on avi-
an hosts were larvae and nymphs that often remained on their
hosts for 2 to 4 days [28]. However, there is no definitive infor-
mation on how long the ticks remained on migratory birds in
East Asia under different climatic conditions, life stages, and
tick and host fauna as well as how long each species of migra-
tory birds stays on a stopover island. Although we cannot
completely rule out the possibility that the nymphs and larvae
detaching from the bird carcasses originated inside the study
area, our surveillance efforts on local tick fauna in vegetation
and mammals suggested a little chance of local infestation of I.
turdus and H. flava. All these questions remain to be solved
through future field and experimental studies. Nevertheless,
the opportunity for the introduction and establishment of
non-native tick species increases when ticks detach from fresh-
ly-killed bird carcasses in search of new avian hosts or alter-
nate hosts, e.g., cats, rodents, weasels, or non-migratory birds.
The findings of this study provide 2 implications. First, acci-
dental death tolls of migratory birds by human-induced mor-
tality may pose additional risks for the introduction and influx
of ticks into local environments. Every year in the Republic of
Korea, about 7,800,000 birds are suspected to be accidentally
killed by collision with man-made transparent structures (such
as roadside transparent noise barriers and building windows),
and a significant part of the death toll is likely from migratory
birds (Korean Ministry of Environment, unpublished data).
The human-induced bird mortality (64.5%) was much higher
than the natural mortality of migratory birds (24.2%) in this
study area [29]. Therefore, negative human impact on biodi-
versity may increase public health concerns on the emergence
of non-native ticks and tick-borne diseases. Secondly, questing
new hosts after an accidental tick introduction, survival in lo-
cal environments, and subsequent tick colonization may be
affected by locally available host densities. As human-induced

changes in host distribution and diversity increase, the risk of
invasion and colonization of non-native ticks will also in-
crease.

Non-native species denotes a species that are intentionally
or accidentally introduced outside of their natural range
boundaries in a biogeographical context, rather than their po-
litical or jurisdictional boundaries [30]. Therefore, even though
L turdus and H. flava are native ticks in mainland Korea, they
were non-native species introduced by the accidental death of
migratory birds to a naive insular environment and may be-
come invasive species when their introduction does or is likely
to cause harm to human and animal health [30]. The trans-
port and invasion of ticks, blood-sucking ectoparasites, and
zoonotic pathogens by birds along their migratory route be-
comes an important health concern, especially as evidence of
recent climate change and altered migratory patterns may re-
sult in the introduction of non-native ectoparasites and associ-
ated pathogens not present on their previous migratory routes
[3,4,11,12,14]. However, along with the lack of information
on the ecology of ticks, the detailed process and possible roles
of migratory birds in the invasion and colonization of non-
native ticks across physical and ecological barriers are still un-
clear. More organized and systematic monitoring of migratory
birds, whether alive or freshly killed, combined with active tick
surveillance efforts may bridge this knowledge gap over a hu-
man-dominated landscape in the era of human-induced cli-
mate change and biodiversity loss.
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