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Abstract: Biting midges (Culicoides: Ceratopogonidae) were collected using New Jersey light traps at Yongsan US Army
Garrison (USAG;urban), Seoul Metropolitan city and Camp Humphreys USAG (rural), Pyeongtaek, Gyeonggi-do (prov-
ince), Republic of Korea , from May-October 2010-2013 and 2015-2017, to determine species composition and seasonal
distribution patterns in urban and rural habitats. A total of 9,958 female (53.85%) and 8,533 male (46.15%) Culicoides
comprising 16 species were collected. Overall, the most commonly collected species was Culicoides arakawae (74.3%),
followed by C. circumscriptus (16.2%), C. kibunensis (2.5%), C. nasuensis (2.2%), C. clavipalpis (1.4%), and C. pallidulus
(1.3%), while the remaining 10 species accounted for <2.1% of all Culicoides spp. collected. The 2 predominant species
collected were C. circumscriptus (47.4%) and C. arakawae (33.4%) at Yongsan, and C. arakawae (90.4%) and C. circum-
scriptus (3.9%) at Camp Humphreys. The seasonal abundance of these 2 species varied between years and between
sites but on average peaked in August-September for C. arakawae and June-July for C. circumscriptus. Annual variations
in abundance were observed for most species collected during this study. Unusually high proportions of male specimens
were observed for most species at both sites which may be due to the use of the New Jersey trap.
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INTRODUCTION

Culicoides spp. Latreille (Diptera: Ceratopogonidae), or bit-
ing midges, are small (0.5-2.0 mm in length) bloodsucking
insects that have broad distributions and impact on human
and veterinary health as vectors of viruses, protozoans, and fi-
larial worms throughout their range [1-5]. The first nationwide
biting midge survey in the Republic of Korea (Korea) was re-
ported in 1974 [6,7], while their relative seasonal abundance
and host blood meal analysis collected from cattle and poultry
farms in Gyeonggi-do were reported much later [8]. A recent
summary of the history of Culicoides spp. and their seasonal
prevalence for 9 cowsheds in the southern part of the Korea [9]
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and Jeju Island [10] were reported, along with 3 new species
records (C. nasuensis Kitaoka, C. pallidulus Yu, and C. jacobsoni
Macfie) [11], bringing the total number of Culicoides spp. re-
ported in Korea to 31.

Vector-borne disease surveillance, including concurrent col-
lections of mosquitoes, Culicoides spp., and other biting flies
using New Jersey (NJ) light traps, was conducted by Force
Health Protection & Preventive Medicine (FHP&PM), 65th
Medical Brigade (MED BDE)/Medical Department Activity-
Korea (MEDDAC-K). Collections of Culicoides spp. were con-
ducted to determine their species composition and relative
seasonal distributions for Yongsan US Army Garrison (USAG),
Seoul Metropolitan city, an urban environment, and Camp
Humphreys USAG, Anjeong-ri, Pyeongtaek, Gyeonggi-do a ru-
ral environment, (hereafter referred to as Yongsan and Camp
Humphreys, respectively) in Korea.

MATERIALS AND METHODS

Survey areas
Yongsan, located in Seoul Metropolitan city, is approximate-
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ly 30 km from the demilitarized zone (DMZ). Most of Yong-
san and associated satellite communities are situated in urban
environments surrounded by residential and commercial
properties within the greater Seoul Metropolitan Area that oc-
cupies an area of approximately 640 acres of land just south of
Namsan (South Mountain) and north of the Han River (Fig.
1). Small groves of deciduous and conifer trees are distributed
among family housing and other operational/recreational
structures. Potential breeding sites include open sewers, drain-
age systems, and small forest groves of mostly deciduous trees.

Camp Humphreys, bordered by Anjeong-ri, a small village
near Pyeongtaek, Gyeonggi-do and surrounded by wetland
(rice) and dry-land agriculture, was designated as a US military
hub with a population of >30,000 military and civilian per-
sonnel and family members. Prior to 2008, Camp Humphreys
consisted of an airstrip with associated structures for support,
military housing and structures for military operations, a cen-
tral stream, man-made water impoundments, and drainage
ditches. In 2008, additional land was purchased for the expan-
sion of Camp Humphreys. The purchased lands included low-
lying hills with grasses/herbaceous vegetation, small groves of
trees, major irrigation/drainage systems to reduce flooding,
rice paddies, and limited dry-land farmland. During the con-
struction phase, much of the land laid fallow with unmanaged
grasses/herbaceous vegetation, except for areas immediately
adjacent to Camp Humphreys that were under development
for the construction of structures for military operations and

Fig. 1. Survey sites for Culicoides spp. collected using New Jer-
sey light traps at Yongsan USAG in Seoul Metropolitan city and
Camp Humphreys USAG, Pyeongtaek, Gyeonggi-do (province),
Republic of Korea. (A) Yongsan USAG, (B) Camp Humphreys
USAG.

housing, roads, drainage systems, and recreation areas. Except
for the expansion site, areas bordering structures and roadside
ditches within Camp Humphreys were well maintained with
small areas of unmanaged grasses/herbaceous vegetation and
shrubs bordered ponds, streams, and drainage ditches that
provides limited space, cover, and food for small (e.g., ro-
dents), medium (e.g., raccoon dogs), and large (e.g., Korean
Water deer) mammals. Large water birds were associated with
large grassy areas, e.g., the airport, and multiple water im-
poundments. Construction included the gradual grading and
filling of unmanaged fallow lands, and by 2016, much of the
expansion site had been cleared of grasses/herbaceous vegeta-
tion and graded in preparation for land fill and construction
of family housing, operational structures, and a central golf
course with associated multiple water impoundments.

Culicoides collection

NJ light traps were employed 3 nights/week from 1 May-31
October as part of the mosquito-borne surveillance program
that also included other biting flies (e.g., Culicoides spp.) at
Yongsan and Camp Humpbhreys from 2010-2013 and 2015-
2017. A total of 8 traps were operated by the Pest Control Sec-
tion, Department of Public Works (DPW), Installation Man-
agement Command (IMCOM)-Korea, and collected speci-
mens transported to the Entomology Section, FHP&PM,
MEDDAC-K/65th MED BDE. Culicoides spp. were separated
from other biting flies and then transferred to 2 ml cryovials
containing 70% ethanol (EtOH), according to trap location
and date of collection, and later identified using dichotomous
keys of Arnaud [12] and the descriptions and checklist of Bel-
lis et al. [11]. Voucher specimens were submitted to the Re-
search Institute for the Environment and Livelihoods, Charles
Darwin University, Darwin, NT, Australia for future reference,
genetic studies, and confirmation of dubious specimens.

RESULTS

Atotal of 18,491 Culicoides spp., comprised of 9,958 (53.85%)
females and 8,533 (46.15%) males belonging to 16 species,
were collected from 1 May through 31 October over 7 years
from 2010-2013 and 2015-2017 at Yongsan and Camp Hum-
phreys. Overall, the most commonly collected Culicoides spe-
cies was Culicoides arakawae (74.3%), followed by C. circum-
scriptus (16.2%), C. kibunensis (2.5%), C. nasuensis (2.2%), C.
clavipalpis (1.4%), and C. pallidulus (1.3%), while the remain-
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ing 10 species accounted for <2.1% of all Culicoides spp. col-
lected (Table 1). Culicoides circumscriptus (47.4%) and C. ara-
kawae (33.4%) were the most commonly collected species at
Yongsan, while C. arakawae (90.4%) accounted for the majori-
ty of Culicoides spp. collected at Camp Humphreys, followed
by C. circumscriptus (3.9%) (Table 1). Collection records by
year are attached for the 2 areas, Yongsan and Camp Hum-
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phreys, surveyed.

A total of 6,154 female Culicoides spp. belonging to 16 spe-
cies were collected by NJ light traps at Camp Humphreys. Culi-
coides arakawae (84.9%) females were the most frequently col-
lected at Camp Humphreys, followed by C. circumscriptus
(5.4%), C. pallidulus (3.5%), C. nasuensis (2.5%), C. kibunensis
(1.5%), and C. nipponensis (1.2%), while the remaining 10

Table 1. Total number of Culicoides females and males collected at Camp Humphreys USAG, Pyeongtaek, Gyeonggi-do, and Yongsan

USAG, Seoul Metropolitan city, 2010-2013 and 2015-2017

Camp Humphreys Yongsan Subtotal

Culicoides spp. % % Total (%)

Female Male Female Male Female Male
arakawae 5,224 6,760 90.4 1,009 737 33.4 6,233 7,497 13,730 (74.3)
circumscriptus 688 185 3.9 1,942 537 47.4 2,275 722 2,997 (16.2)
clavipalpis 6 0 <0.1 226 29 4.9 232 29 261 (1.4)
dendrophilus 1 0 <0.1 10 4 0.3 11 4 15 (<0.1)
erairai 2 0 <01 - - - 2 0 2 (<0.1)
festivipennis 1 0 <01 22 5 0.5 23 5 28 (0.2)
homotomus 1 0 <0.1 - - - 1 0 1(<0.1)
kibunensis 93 11 0.8 312 47 6.9 405 58 463 (2.5)
longidens 3 0 <01 - - - 3 0 3(<0.1)
morisitai 18 85 0.4 8 0 0.1 21 85 56 (0.3)
nasuensis 152 33 14 169 45 4.1 321 78 399 (2.2)
nipponensis 71 43 0.9 4 0 0.1 75 43 118 (0.6)
pallidulus 214 22 1.8 2 0 <0.1 216 22 238 (1.3)
pictimargo 1 0 <01 = = = 1 0 1(<0.1)
punctatus 31 15 0.4 81 23 2 112 38 150 (0.8)
sinanoensis - - - 0 1 <0.1 0 1 1(<0.1)
tainanus 3 0 <0.1 24 1 0.5 27 1 28 (0.2)
Total 6,154 7,104 3,804 1,429 9,958 8,533 18,491
% 46.4 53.6 100 72.7 27.3 100 53.85 46.15 100

Table 2. Distribution of 16 female Culicoides spp. by month at Camp Humphreys USAG, Pyeongtaek, Gyeonggi-do, 2010-2013 and

2015-2017

Culicoides spp. May % June % July % August % tesrig-er %  October % Total %
arakawae 67 69.8 472 53.2 475 776 1,765 89.2 2,187 94.6 258 96.6 5,224 849
circumscriptus 5 5.2 152 171 65 10.6 44 2.2 62 2.7 5 1.9 8E8 5.4
clavipalpis 0 0 1 0.1 5 0.8 0 0 0 0 0 0 6 0.1
dendrophilus 0 0 0 0 1 0.2 0 0 0 0 0 0 1 <01
erairai 0 0 2 0.2 0 0 0 0 0 0 0 0 2 <01
festivipennis 0 0 0 0 1 0.2 0 0 0 0 0 0 1 <01
homotomus 0 0 1 0.1 0 0 0 0 0 0 0 0 1 <01
kibunensis 0 0 40 45 8 1.3 & 1.8 8 0.3 2 0.7 93 15
longidens 0 0 3 0.3 0 0 0 0 0 0 0 0 3 <01
morisitai 0 0 1 0.1 0 0 7 0.4 10 0.4 0 0 18 0.3
nasuensis 0 0 110 12.4 10 1.6 28 1.4 4 0.2 0 0 152 2.5
nipponensis 9 9.4 4 0.5 4 0.6 48 2.4 6 0.3 0 0 71 1.2
pallidulus 9 9.4 95 10.7 34 5.6 39 2 35 1.5 2 0.7 214 35
pictimargo 0 0 1 0.1 0 0 0 0 0 0 0 0 1 <01
punctatus 6 6.2 6 0.7 8 1.3 10 0.5 1 <0.1 0 0 31 0.5
tainanus 0 0 0 0 1 0.2 2 0.1 0 0 0 0 3 <0A1
Total 96 888 612 1,978 2,313 267 6,154 100.0
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Table 3. Distribution of 12 female Culicoides spp. by month at Yongsan USAG, Seoul Metropolitan city, 2010-2013 and 2015-2017

Sep-

Culicoides spp. May % June % July %  August % . %  October % Total %

arakawae 26 7 101 9.1 89 117 371 43 286 585 186 663 1,009 265
circumscriptus 165 44.2 878 79 520  68.2 281 268 98 201 50 244 1942 5141
clavipalpis 3 08 39 35 50 6.5 109 126 24 4.9 1 0.5 226 5.9
dendrophilus 2 0.5 4 04 2 0.3 0 0 2 04 0 0 10 0.3
festivipennis 1 0.3 1 0.1 2 0.3 8 09 10 2 0 0 22 0.6
kibunensis 144 386 25 2.2 42 55 59 6.9 36 7.4 6 29 312 8.2
morisitai 0 0 0 0 1 0.1 1 0.1 1 0.2 0 0 3 0.1
nasuensis 20 54 47 4.2 29 3.8 54 6.3 17 3.5 2 1 169 4.4
nipponensis 0 0 2 0.2 0 0 0 0 2 0.4 0 0 4 0.1
palliculus 0 0 1 0.1 0 0 0 0 1 0.2 0 0 2 0.1
punctatus 11 2.9 11 1 20 2.6 21 24 10 2 8 3.9 81 2.1
tainanus 1 0.3 2 0.2 8 1 9 1 2 04 2 1 24 0.6
Total 373 1,11 763 863 489 205 3,804 100.0

Fig. 2. Wing venation of 2 predominant species, Culicoides arakawae (A) and Culicoides circumscriptus (B) collected using New Jersey
light traps at Yongsan USAG and Camp Humphreys USAG, Republic of Korea.

species accounted for 1.0% of all Culicoides spp. collected (Ta-
ble 2). In contrast to the rural area at Camp Humpbhreys, a to-
tal of 12 female Culicoides spp. (and one male of another spe-
cies) were collected from an urban area at Yongsan. At Yong-
san, C. circumscriptus (51.1%) females were the most frequently
collected, followed by C. arakawae (26.5%), C. kibunensis
(8.2%), C. clavipalpis (5.9%), C. nasuensis (4.4%), and C. punc-
tatus (2.1%), while the remaining 6 species accounted for
1.8% of all Culicoides females collected (Table 3). The propor-
tion of males specimens collected varied between species and
areas collected (Table 1).

The annual trap index (TI=number of females collected/
trap night) of C. arakawae collected at Camp Humphreys did
not vary significantly, except for a sharp increase that was ob-
served in August of 2013 and 2015 that persisted through Sep-
tember until the population decreased in October of both
years. A similar trend was observed at Yongsan, but the sharp
increase was observed only from August through September
2013, with numbers continuing to increase until October

when trapping ceased (Fig. 3A, C). Annual variation in abun-
dance of C. circumscriptus females was observed in June-July at
Camp Humphreys, except during 2015 when a sharp increase
was observed in September (Fig. 3). A similar trend was ob-
served at Yongsan, but the sharp increase was observed in both
June 2016 and June-July 2015. Low numbers were collected at
both areas and the variation observed was likely due to minor
changes in the numbers collected (Fig. 3B, D).

Comparing the 7-year TI of C. arakawae and C. circumscrip-
tus, the dominant species of both urban and rural areas, C. cir-
cumscriptus peaked in June at Yongsan, an urban area, while C.
arakawae peaked in September at Camp Humphreys, which is
adjacent to farmlands (Figs. 2, 4). At Yongsan, seasonal popu-
lation trends for the most frequently collected species, C. cir-
cumscriptus, differed from C. arakawae, with low numbers col-
lected during May (TI=0.30), followed by sharp increases in
TIs during June-July (TI=0.85-1.36, respectively), before
sharply decreasing to low numbers from August-October
(TI=0.2-0.37, respectively). At Camp Humphreys, low num-
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Fig. 3. Annual variation of females of 2 predominant species, Culicoides arakawae and Culicoides circumscriptus collected using New
Jersey light traps at Yongsan USAG and Camp Humphreys USAG, Republic of Korea.
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Fig. 4. Overall seasonal prevalence of 2 predominant species of
female biting midges based on the trap index (number of female
Culicoides spp./trap/night) of Culicoides arakawae (square) and
Culicoides circumscriptus (circle), collected using New Jersey
light traps at 2 collection areas at Yongsan USAG, and Camp
Humphreys USAG, Republic of Korea, 2010-2013 and 2015-
2017.

bers of C. arakawae, the most frequently collected species, were
collected during May-July (TI=0.07-0.69, respectively), fol-
lowed by sharp increases in TIs during August-September
(TI=2.4-4.08 respectively), followed by a sharp decrease in
October (Fig. 4).

DISCUSSION

Culicoides or biting midges are both nuisance biters (e.g. hy-
persensitivity to bites) and vectors of pathogens of medical
(e.g., Mansonella spp. filarial worms) and veterinary impor-
tance. Bluetongue virus was first isolated from a cow in Korea,
with infections impacting the economy of the animal industry
in Korea [4,5,13-16].

Although the abundance of individual species varied be-
tween the urban and rural sites, similar numbers of species
were collected at both Yongsan (12) and Camp Humphreys
(16). In a previous report, C. punctatus and C. nipponensis were
the most frequently collected species at a cowshed [8,9], sug-
gesting that these species are attracted to cattle, and reflects
their feeding preferences |8,17]. However, in this survey, while
C. punctatus and C. nipponensis were collected in relatively low
numbers at Yongsan (2.1% of the total species collected) and
Camp Humphreys (0.5%), there was even a much lower pro-
portion of females. The low numbers of these species is likely
due to the absence of cattle from these locations.

The predominance and wide distribution of C. arakawae
and C. circumscriptus reported by Cho and Chong [7] using NJ
light traps was similar to our results. Although C. arakawae ap-
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pears to have a preference for feeding on birds [18], it also
readily feeds on cattle [8,17]. The greater abundance of C. ara-
kawae at Camp Humphreys is likely due to the higher preva-
lence of larval habitat, e.g,, rice paddies [19], in this area com-
pared to Yongsan. The reason for greater numbers of C. circum-
scriptus at Yongsan than at Camp Humpbhreys is less clear. Al-
though this species has been reared from saline mud [20-22],
it is not confined to this habitat and Braverman et al. [23]
reared this species from a wide range of muddy habitats, par-
ticularly those rich in organic matter and low in oxygen. Pre-
sumably, such habitats as open sewers and ditches are more
common at Yongsan than at Camp Humphreys

The relatively high proportion of males collected in this
study was unexpected. Cho and Chong [7] reported similarly
high proportions of males in NJ light traps compared to re-
sults reported for the same range of species in Korea using
black light traps [9] and for species collected elsewhere using
light traps, e.g., India [24], Europe [25], and Turkey [26]. This
potential difference in attractiveness of NJ light traps for male
Culicoides requires further exploration to elicit factors causing
this difference.

Culicoides arakawae has been associated with the transmis-
sion of important livestock pathogens, e. g., African horse sick-
ness, bluetongue, Fukuoka, Aino, and Ibaraki viruses [3,5,27,
28], and Leucocytozoon caulleryi (a protozoan in southeast
Asia and Japan), and as potential vectors of other viruses and
filarial worms (e.g., Mansonella spp.) of medical importance, in
addition to their painful bites that may elicit a severe reaction
in both humans and animals [29-32].

The abnormal seasonal abundance pattern observed for sev-
eral species illustrates the importance of long-term studies to
provide a reasonable understanding of seasonality of Culicoides
populations. For example, had this study only been conducted
in 2013 at Yongsan, a false impression of the seasonality of C.
arakawae with a strong peak in October would have emerged.
Differences in species diversity are also vulnerable to annual
variation.

Additionally, seasonal abundance data based on low num-
bers of specimens, for example our data for C. circumscriptus at
Camp Humpbhreys, are very vulnerable to individual collec-
tions containing just a few specimens, and such data needs to
be analyzed with caution. Studies on the geographical and
seasonal distributions, host attraction (e.g., placement of traps
near human habitation and poultry, cattle, and swine farms),
temporal biting activity, pathogen infection rates, and their

role as potential vectors of zoonotic pathogens that impact hu-
man and animal health are warranted. Although limited, the
data presented herein provides a better understanding of the
biology, ecology, and environmental parameters that affect rel-
ative population abundance of Culicoides spp. that can be used
to predict potential human and animal health risks for the de-
velopment and implementation of mitigation strategies. Alter-
nate trap models, e.g., green LED-CDC light traps and Mos-
quito Magnet traps, may capture additional species or different
proportions of the various species.
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