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Seasonal Distribution of Mosquitoes According to
Habitat Environment (2016-2018)
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Hyun-Na Koo, Wook-Gyo Lee, Shin-Hyeong Cho and Gil-Hah Kim*

Department of Plant Medicine, Chungbuk National University, Cheongju 28644, Korea
'Division of Vector and Parasitic Diseases, Korea Centers for Disease Control and Prevention, Osong 28159, Korea

ABSTRACT: The distribution of mosquitoes collected in the Cheongju area from 2016-2018 were compared. The collection sites were
established at a residential area, migratory bird sanctuary, and cowshed using black light (BL) and BG sentinel traps. Culex pipiens was
the most collected species in the residential area, and Aedes vexans was the most collected species in the migratory bird sanctuary and
cowshed in all years. The BG trap collected more individuals than did the BL trap in the residential area and migratory bird sanctuary.
In total, 22,679 (10 species) mosquitoes were collected in 2016, and 6,502 (8 species) and 6,803 (9 species) mosquitoes were collected
in 2017 and 2018, accounting for 3.49- and 3.33-fold decreases, respectively. The relationship between meteorological conditions and
mosquito density, according to various variables, was not significant different. The Chaoyang virus was found in Aedes vexans and Culex
pipiens collected at the cowshed in 2016 and 2018, respectively. Based on the results of this study, it is considered that continuous
surveillance of mosquitoes should be performed for controlling mosquito populations and mediating diseases spread by this vector.
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e A AIAR SR Q7 FEol|l Al thefet Ane w7l
Sh= FQ ufj7|l& = dlfo]t(WHO, 2017; Snow et al., 2005;
Medlock et al., 2005). 27| = SEEES 51 Ao A Ha}
2]o(malaria), 7| ¥(dengue hemorrhagic fever), 2H(yellow
fever), | F(encephalitis), AMAFEZ(filariasis) 52| 2H-S v
Wbt oS mi7lishe S o= ASE7N 7| F(dnopheles
spp.), B1E<17|(dedes albopictus), 01N ES T 7|(de. aegypti),
WP W 7 \(Culex pipiens). 2R8I W7 \(Cx. tritaeniorhynchus)
5] i & o|tH(Craven et al., 1988; Hag et al., 1999; Fradin
and Day, 2002; Ree, 2000). Z A7 t2udstel 7ldk=z <151 3t
7o) 324a sk Al Ao 4S5 o] mrjeh e A
vy oA O] a2} B-gofl FaFe mIAA| Htk(Reiter, 2001;
Menne and Ebi, 2006). o]o] mizA] 213k aol = et el
A& 7H = Sl 19799 AlAEA 7] oA S Tt
o} Z|(malaria free) XSO 2 AA3}H 01 1993 ThA] ¥+
Aystol FAZIAE ol wetelol Bxjel HeAe] S %
74eAlolw, w719 W A7hutolel s 5 sleizre ol 4 7
SAE =o01x a1 QtiShim et al., 1997; Lee, 2007; Current
Status of Selected Infectious Diseases, 2017).

U A4 B7] F7= 94 56F0] 7]5 5 0] Jlom 2] F
H2 A7 oAbk, SESA, FASA 2 A E &
of| Zto] & Hol7] ujzof 7] HAIE sl ol ol Bt A
)& A7) o9~ 5 Q 8lth(Jeong and Lee, 2003; Lee, 2017).
Z1of| whet Foll= A2 A B4l mhE 2] 9] Fxo} 7]+
Hsto] whE 7] w7 A ko] Bl Foll theh ohest A
T7F 48] 31 Qi Reiter, 2001; Gleiser and Zalaxar, 2010;
Munhenga et al., 2014; Mattah et al., 2017). £3]|, X740
29 74, Fd 5 mirlishs SEwrr|ot olRExR]
ofl thgt A Hof| whE wL7] 328} 7132 of| thE o] Ew R
719] Agefoll T B A77} W= ATHGubler, 1988;
Day et al., 1990; Hondrio et al., 2003; Valdez, 2017). F3+ 2.7]
Aol ca WA W oS S8 AMg s B ol chak
Shu] E2o] mok A% 917), A7k AL, SR AR 3
Dol whe} 7] 9w S 251 JaRL u]AckKline, 1999;
Mboera et al., 2000; Burkett et al., 2001; Anderson et al., 2004).
HEHol A0 2 SEdn ok o] YELW S AR5 4
QHEl BG ExI UVEOR 171E §elslel A4shs BL
o] 9]t Lundstrom et al., 2013; Luhken et al., 2014). ©]%]
Egi7]o| Xz 229t 7ol whet Faks, ol AEE, F
%, S88E, YA Ak, 450 A7), 4FY e
=
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al., 1993; Day et al., 1990; Crans et al., 1996; Tun-Lin et al.,
2000; Hondrio et al., 2003). o A = u] 7| A2} A7 = 7
2AE 5 2R A HoflA Al7]of whE weke]of vzl 7] €]
AR A AB o] T m]0] SR o] dEigl
R0l U2 BE%n710) AP B ATE S
=9 Yoon et al., 1994; Lee et al., 1997; Kim et al., 2000;
Kim et al., 2001; Jeong and Lee, 2003; Yang et al., 2018). 12
L A oA o] ®7] ZEazof thet A= Ao, 7]E9
AT R S A T E SRS ARt
Aol A o] TP 2ol 7 ek 4= Sl A9 9] 273
H 7] Ut F 2, WA of ol thigt Atk 1]
7l ey ool g sirfar FEhE Qi
agjst] & Ats B S ARAER 2k 2%
o] ERE o] gste] KL} HY|FR[E ARG vl
Astal A Hio|#20] P RS AlSto] AHAQl K]

A S5 7|22 S A gk sk,

S|

¥
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27|

27 A2 4L 98] BL (black-light; SC2000, A1GSAMA|
H] Korea) E3§3} BG (BG-sentinel; Biogents AG, Regens-
burg, Germany) S22 o} 45151k 201610 24} ZAJo]
A BL E2et 459k
BL EZ& 240 238 1.5 m $zolof A3 f}4el $21
Qlsl E]Y Holl CO, (Egtoloto]2)E o]-g-38te] K7] 4%
Felskth BG EHES Y5 20 em flof] Egfojofo]AE
Akl AR BT )= AT AHste] ARSI BG
A} BL EHL A2 oJgko] u] x| 7] oA 10 m o]Ake] Az

Folrk

we mowx o e

FHEE TN BHFAX G DR, 541 242}
13242 135101 2714 ERY(BL EHBG ER)S o] §3to]
7] QS ASto] ZABKITE EAFAAE HFA
g7 B o] QA H(36°37'47.87"N, 127°26'52.50"E)

shela o] Beo] g EHFAR
(36°37'50.33"N, 127°27'3.71"E)=BG EL L #|3}%c) &
A A FelT AR B By EdRA oo A 4E 3

OS2 A5 ool YR8t 2T =AI o] 7Y Folut
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of S0 A 4 9 AURLT} G13o] EAehs Lo
BL E3(36°39'54.82"N, 127°2722.40"E)Z} BG E4(36°39'
54.51"N, 127°27'22.39"E)- A x|} itk ZAR= 35 2 A
B ] AR AR AEERAL FRlo] TR Tef =
o & ZEiolA gl 222 BL EJY(36°3427.53"N, 127°30"
9.96"E)¥} BG E#(36°3427.72"N, 127°30'8.91"E)& A3}
Atk

ESN

17]9] A2 2016 WRE] 2018W71A] 4QHE 109714
o 2354 =85ttt Ee wF 12:000] Hx|gte] o
12:007}H7] 24 A|ZFg<tE 7Hgate] 7] A58 AFlsklc A
H B7)= Eetojoto| Ao Yol AFAR §71 & AATS
Hate] B - 5745tk H7t 2= 2 Tjste] m7] A3
S 15U HA 0 &2 HFA o] 2=}t =27
F2 71 A7 VSR E(KMA, 2018)F o]-8-3to] A

=
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HEA| AL

U, 34 5) 4EE gelsty] $38ll quantitative real time

Fokoick AT W) Hasto] 2} mrlEE R &
o 500}2]4 pooling8hiat Setultole 2 7S Belsy]
2I5}te] Yang et al. (2010)2] WS 185k AT 71
2F3] AH3shd Total RNAE F%3}o] cDNASHAI(ReverTra
Ace qPCR RT Master Mix with gDNA Remover, TOYOBO,
Japan) ¥, qRT- PCR (QuantiNova SYBR Green PCR Kit,
QIAGEN, Germany)-2 thaa} 728 274 0 & 345}19ick 95C
oA 24 FRE 7tk AAE EEAHAIX F, 95C oA 54,
58C oA 10%, 72°C oA 152E 45 cycles& =35}o] -4
ARo] WS vl sty g7l e YA 2ARIA
AlLlstnl. Fddlzatoze Al EiolA AlEE Al
=2E ARt BlaLst A

Hiole 24

PR A AT} ) o] T2 Aol £

[}
25 171Z20ke] ATAS 354 H(linear regression)2

2 X JE
HFX|S ZU|o| WA

2016355 2018 712] AR El H7] 9] AE 4 d=sls
ghelslolthFig 1).

2016 W] 718 17]9] Wi 22 7] gl wkek A]7]
#o.2 214719 ol BeitkFig. 1A). FAIA S guirt
B89 39 A A 70530k 2 1 g 1717k e 9l
A EA AR kA A6 9D 45Trkel 2 7
W2 ] 7|7 AR = ok ey ARG B e= A7
2 2 HrHoke] 2fo| & HolA] R 7kt 104 27U 0] 698
ohe] 2 7 go] A= UE Yt o ® =4 A9 gt
B 50 A4 A} DEA 52 Alsshe 5B ol Hl
EY, Efo]o] T} 22 Q1 A Algh o] w7] AYefofl W gk
= HAA Ho] vlaA] ZF9-Fo] JIkS E v vhd, SAR
A= R 9] - FEA ol A A o o = 21 4]
0] o3RS wo| Higly| wjiEel A o & X elck(Jacob et al., 2003;
Leisnham et al., 2004; Gleiser and Zalazar, 2010).

201762 0] AAH 271t ZAjo]A 306401 2 7 B
o] @77 ARE O 322 B 62 F4 o] F HAY|S
Hol= AR F = B lti(Fig. 1B). o] =2017d 64 &
HE719] Zg=pkol A9 I S22 Ak Qlske] of d ok
SV Asor B vt StetrE Te ) 8 dofl g
TR QR 7] AAgH O] 2 = 5] B AT
o] AlgtE|o] =7] B4 74t A o & K ltkRee and Lee,
1993; Kim et al., 2012). Z+A227 X7 |(4nopheles sinensis)
o] A9l H = o] QA 45 OIAI-TS mm)o] 25
of m7] 4% WAl 7ishe oL, 79-apol ATiA 0.2 4
51 7)€0] 3 01 430 wfero] S7HEIch sheirieong and
Lee, 2003). AA 7] P-4 2016 %E0] 8]l 2017 =0
astol 44t £, 14148 5 B H9) AQle] o
102 Wt 20164 Aulrt Bk o) 5o
£ WEs} 271901} 20173 79 WES) e

1%k 41417 5317} glo] o] 7l Ao w

12z
8¢}
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2018 = o] A H W7)= % 6,803012] 2 ZAL 493,661
oke] 7k 27 =] o] 53.8%9] =2 8-S AA|skSAkFig. 10).

201882 22 7F9-2 Qlsto] mrd o] Jaks =T,
6Y} 74 Ao} o) % w7y U w7} H A7) S Kook ohA] B 7t
SRFO R Qo] H7IUETL oA E Ao g wekEch et
FAX G AP mr U= %7 W 7ke 99 22H273u1t
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Fig. 1. Seasonal distribution of female mosquitoes collected at Cheongju, Chungbuk Province from 2016-2018. A, 2016; B, 2017; C, 2018.
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2))2F 10 12H28 11k ol A &= -2 27| 7F A =] SAet o] =
A At o] EAX| ek EAJ O R A3t shatel 2
H| A 27h FA| == A48 o] AR 1) o] &S
ol Ao = Wolrh

He rlo

AEXEE 2712 APIE BE2Z

2016332 20187k 9] w7 U E = YA HE=
o YA w2 7] o] ERA Tt A vlEe
BlastRlet. 37 FAX| A AR BI|FES F 8T
139.7 (TI)-& X ATk Table 1). B %7 \(Cx. pipiens)7} 7))
AR AR 7] 2] 62%= AR 5FR AL SlZ<= 2 7 |(de. albopictus)

7FTIgEO] 26mt2] = =7 4] A R 57] F- 18.8% A3 =

= A wo] AR elek. AB5s|E 74 ol ol WA
Sh= A0 ekl 27 Wolxiz 417191 993} 109o]
= TIgho] Y7 Uehteh, ek 3uzke] wy] MhalabAol A
= 2ol 5 Bl ol B4R X0 A9 m7]0] 44] 2 4k
2Redo] SA R A4 L A 5 Gl 2130l Aol 24
37] wo]l 2 Aol x| 4] o A0 Holn, B3

201613} 2018 1% 1094] W44 17] o) 247} eba) 57
3 0.2 Ho} ol 377 87 BAolA 7|18 A0
FtH(Gleiser and Zalazar, 2010; Jacob et al., 2003). 20163 7}
2018 =0 FAX| oA AR 27| Uiee =71 ol

% 7ok QS Mol A0S Zeket u) A vl

7} 40.3% 2 EST S8.5ulelE 7P ok EHAERT)
(19.9%) 2} W71 2 7](17.8%) 0.2 #21E|Qth Table 2).
A= Aol A E 27= 270 adsr|ob
R F2 QYEJe 8d o] S iE FHEERY]
(Armigeres subalbatus)®] AFH|&0] Z71s19ck AFAYH
of| A WHA S} = A7 L2 W 7 )(Cx. tritaeniorhynchus)-S Al

ol 5ol Urehb=d| 3 TIgho] S71she e Hof oo

E et 283 Ao g "ot ZAAER V= AL )
Se) B QBB G AR el glom, i o
AE FoA Wo| WAlsl= 07 Qi (latitude)} 7Tk
(rainfall) o] g2 FFS = Fo 8 2 LT A =8L A
10 o2t Ay 1 $7)7H 2 o] ol WAlSHE Ao o

2 #] ¢Jti(Nakata and Ito, 1955; Amerasinghe and Munasingha,
1988; Liu et al., 2013; Cheong et al., 1981; Das et al., 1983;
Muslim et al., 2013). 0|9} -2 A= SHAER 7|9 H %
AA el f ARG e Bk uhd, Sk w )= Fuprh B
o ol AN st AR Bl

SIS T AR R 27 A 1 w77 AR A2
stolom Felen 77 7 v]&-&2 YA =i Table 3).
e} b o] Fo %%%ﬂﬁﬂﬁ/lnopheles spp)e]
w7} 348 olsch FHnsler ASUAR R}
£ 17]9] 95.2% 2 U9 & vl 8-S A5kl oLt A 2|}
B RISk o] SlEgns]oh S s]7h AL A4

)R] ok vt BN s 7 |(Mansonia uniformis)7} 0]

=2

o) WA 49 A] 2ejElofof 8 Aoltt. Moz AEet A AT AT T BBLws|7t 24
ARl A 37 R B )= Tl BT |(de. vexans) (10.14%), 2L2)(11.91%), Bl 2L H(4.4%)=o= HH
Table 1. Seasonal prevalence of mosquitoes collected at the residential area in Cheongju from 2016-2018
Trap index”
Species Apr May Jun Jul Aug Sep Oct Total
2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018
Ae. albopictus 0 0 0.0 7 2 0 75 9.5 15 31 495 465 37 74 15 405 185 137 0.5 25 655 26
0.0 (0.0) (0.0) (109 (9.1) (00) (42 (35 (@7 (108) (656) (41.5) (11.0) (354) (423) (18.0) (14.1) (68.0) (0.1) (68) (27.7) (I8.8)
Ae. vexans 0 0 0.0 125 0 25 95 45 1 25 0 0 155 15 0 57 05 0 0 0 0 6.2
0.0)  (0.0) (0.0) (194)  (0.0) (6.7) 3 (1.7 @D @7  (0.0) (0.0) “46) (0.7) (0.0) (253) (04 (0.0) 0.0)  (0.0) (0.0 4.5)
Anopheles spp. 0 0 0.0 0 0 0 1 15 4 13 0 1 4 0 0 12 0 0.5 0 0 0 1.8
0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.6) (0.6) (125 (45 (0.0) (09  (12) (0.0) (0.0) (53) (0.0) (02)  (0.0) (0.0) (0.0) (1.3)
Ar. subalbatus 0 0 0.0 15 0 0 05 45 0 195 1 1 52 385 05 525 13 45 5 35 55 9.7
0.0)  (0.0) (0.0) (2.3)  (0.0) (0.0 ©0.3)  (1.7)  (0.0) 68 (1.3) (0.9 (s54) (184 (14 233) (99 (2 (14) (96 (23) (7.0)
Cx. orientalis 0 0 1.0 0 0 0.5 1 0 0 135 05 0 7 15 0.5 0 0 0 0 0.5 0 12
00)  (00) (29  (0.0) (0.0) (1.3) (06) (0.0) (0.0) (@7 (0.7 (00) (@1) (07 (14  (00) (0.0) (0.0) (0.0) (14 (0.0) (0.9
Cx. pipiens 5 0 335 28.5 20 26 154 2435 25 141 235 63 167.5 88 19.5 535 99 59 3545 275 164 85.5
(100.0) (0.0) (97.1) (44.2) (90.9) (69.3) (86.3) (89.5) (78.1) (49.0) (31.1) (563) (49.6) (42.1) (54.9) (23.8) (753) (29.3) (983) (753) (69.3) (62.0)
Cx. tritaeniorhynchus 0 0 0 0 0 0 0 0 0.5 0.5 0 0 0.5 0 0 0.5 0 0.5 0 0 0 0.1
00) (00) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (1.6) (02) (0.0) (0.0) (0.1) (0.0) (0.0) (02) (0.0) (02)  (0.0) (0.0) (0.0)  (0.1)
Oc. koreicus 0 0 0 15 0 85 5 85 0 445 1 0.5 54 55 0 9 05 0 05 25 15 75
0.0)  (0.0) (0.0) (23.3) (0.0) (22.7) 2.8 @1 (0.0) (155 (1.3) (04 (16.0) (2.6) (0.0) 4.0) (04 (0.0) ©.1) (6.8 (0.6) (5.4)
Total 5 0 345 64.5 22 375 179 272 32 288 755 112 338 209 355 225 132 201.5 361 36.5 237 137.9
(100) (100)  (100) (100) (100)  (100) (100) (100)  (100) (100) (100)  (100) (100) (100)  (100) (100) (100)  (100) (100) (100)  (100)

®Number of female mosquitoes per trap/night.

PPercentage (%) of each mosquito number collected in each month.
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s Uepilon, SEeity|of e o fARE BY)% 2017). 53], SAkelA A E w71 7fAl4=71 2016 f=of] B}
Q1 OIUELE7|e. aegp) = ABA R AN B o] 2017¥10] 575 0|4} hsl gl o)t ZAjolA] A1
wol AYEIUIL, Cr. quinguefusciatus’= FAXNE V4 A5 o ng2 HUE Fuenvel d2Uns|Rsl 20179
St} 3FAEH(Ndenga et al., 2017; Valdez, 2017). B3t 17] 9] ol F43] gaskelr] wizol Yehus el ails
= thoFAd -2 v A A Y ] Y(semi-rural ) o) A TFoFs) ) 5= 7]+ ‘inland floodwater mosquito’ 2 &8 57|18 HE2 &
o 2 AR =R 7F ol WA A2 9] A= S| de g FA7E AU & %‘01 Ho}sh= 527
29} ZAbOl A AR o)A A E A] ok BEAY A R R 7|(Cx. Z0 7 o] ZA 5= ZAlol|A wo| WAYSITHGjullin et al.,

bitaeniorhynchus)@} WFG7/l=m7)7F R =tk Valdez, 1950; Thompson and Dicke, 1965). & ZA}o| A= FHo| =

Table 2. Seasonal prevalence of mosquitoes collected at the migratory bird sanctuary in Cheongju from 2016-2018

Trap index"

Species Apr May Jun Jul Aug Sep Oct Total
2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018
Ae. albopictus 0.5 0 0 55 0 0 8 1.5 6 3 19 11 29 20.5 20.5 13.5 65.5 52 35 19 10.5 13.7
(50.0° (0.0) (0.0) 1.9  (0.0) (0.0 23)  (04) (9.6 25) (75 (69 (10.7) (19.1) (84) 84) (27.7) (143) (2190 (33.0) (404) (9.5)
Ae. vexans 0 0 0.5 225 1075 7 1835 2245 17 425 36 51 71 16 1005 195 05 1245 0.5 0 2 58.5
(0.0)  (0.0) (20.00 (77.5) (73.6) (31.1) (53.8) (63.1) (272) (36.0) (52.2) (31.9) (26.2) (149) (41.1) (12.1) (02) (343) @G 00 77 (40.3)
Angpheles spp. 0 0 0 2 0 0 5 0 0 225 0.5 6.5 10 9.5 3 0.5 0 4.5 0 0 0 3
0.0)  (0.0) (0.0) ©0.7)  (0.0) (0.0) (1.5)  (0.0) (000 (19.1) (0.7) @) (37 (88 (12) ©03)  (0.0) (1.2) 0.0)  (0.0) (0.0 (2.1
Ar. subalbatus 0 0 0 4 21 3 25 14 16 8 5.5 40 875 55 15 9.5 139 96 3 26.5 8 28.9
0.0)  (0.0) (0.0) (1.4) (144) (133) 6.6) (39 (25.6) (6.8) (8.0) (2500 (323) (. @& (60.1) (58.8) (26.4) (18.8) (46.1) (30.8) (19.9)
Cx. bjtagnjorhynchus 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0.1
0.0)  (0.0) (0.0) 0.0)  (0.0) (0.0) 0.0)  (0.0) (0.0) 0.0)  (0.0) (0.0) (04) (0.0) (0.0) 0.0)  (0.0) (0.3) 0.0)  (0.0) (0.0) (0.1)
Cx. orientalis 0 0 0 0.5 0 0 6 0.5 0 17 15 7 8.5 25 4 45 25 3 0 0 0 38
0.0)  (0.0) (0.0) 0.2)  (0.0) (0.0) (1.8)  (0.1) (0.0) (144) (22 44 (G.1) (233) (1.6) 2.8) (1.1) (0.8) 0.0)  (0.0) (0.0) (2.6)
Cx. pipiens 0.5 0 2 36.5 2 2.5 79 100.5 15.5 21 6.5 25 47.5 25 845 21.5 125 39 85 9 5 259
(50.0)  (0.0) (80.0) (12.6) (1.4) (I1.1) (232) (282) (24.8) (17.8) (94) (156) (17.6) (233) (346) (13.4) (53) (10.7) (53.1) (157) (192) (17.8)
Cx. tritaeniorhynchus 0 0 0 0 0 0 0 0 0 0 0 1 9.5 25 13 3 6 405 0 0 0.5 3.6
(0.0)  (0.0) (0.0) (0.0)  (0.0) (0.0) 0.0) (0.0) (0.0) 0.0) (0.0) (0.6) (3.5 23) (53 (1.9 (@25 @dLnn 0.0)  (0.0) (1.9 (2.5)
Oc. koreicus 0 0 0 17 15.5 10 37 15 8 4 0 18.5 6.5 35 75 1.5 10.5 3 0.5 3 0 7.7
0.0)  (0.0) (0.0) (5.9)  (10.6) (444) (109 (42) (128 (34 (00 (116 (24 (33) @G 09) (44 (0.8) G (52) (00 (53)
Total 1 0 25 290.5 146 225 341 356 62.5 118 69 160 270.5 107.5 2445 160.5 236.5 363.5 16 575 26 1453
(100) - (100) (100)  (100)  (100) (100)  (100)  (100) (100)  (100)  (100) (100)  (100)  (100) (100)  (100)  (100) (100)  (100)  (100) (100)
®Number of female mosquitoes per trap/night.
PPercentage (%) of each mosquito number collected in each month.
Table 3. Seasonal prevalence of mosquitoes collected at the cowshed in Cheongju from 2016-2018
Trap index"
Species Apr May Jun Jul Aug Sep Oct Total
2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018
Ae. a[bgpic[us 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0.0
0.0 (0.0)  (0.0) 0.0)  (0.0) (0.0) 0.0)  (0.0) (0.0) 0.0)  (0.0) (0.0) 0.0)  (0.0) (0.0) 0.0) (0.0) (0.3) 0.0)  (0.0) (0.0) (0.0)
Ae. vexans 0 0 0 639.5 239.5 9 1,530 416.5 186 250 47 207 4,7045 575 7275 318.5 19 88.5 8 0 1.5 450.0
0.0)  (0.0) (0.0) (92.0) (96.0) (58.1) (90.9) (77.9) (90.3) (44.1) (10.6) (433) (90.8) (26.6) (78.0) (582) (21.3) (45.6) (842) (0.0) (37.5) (78.4)
Angphe[gs spp. 0 0 0.5 8 0 2.5 63 45 155 300 3435 2475 450 885 180.5 204 19.5 93 0 0 0.5 96.2
(0.0)  (0.0) (100.0) (1.2) (0.0) (16.1) G708 (7.5 (53.0) (77.7) (51.8) 8.7) (40.9) (194) (373) (21.9) (479 0.0)  (0.0) (12.5) (16.8)
Ar. subalbatus 0 0 0 0.5 0 0 1 0 0 1 3 0 1 25 0.5 0.5 12 25 0 0 1 12
0.0)  (0.0) (0.0) ©.1)  (0.0) (0.0) ©.1)  (0.0) (0.0) ©2) (0.7 (0.0) (0.0) (12) (0.1) ©.1) (135 (1.3) 0.0) (0.0) (250) (0.2)
Cx. orientalis 0 0 0 0 0 0 0 0 0 1 0 9.5 0 0 0.5 1 1.5 0 0 0 0 0.6
0.0)  (0.0) (0.0) 0.0)  (0.0) (0.0) 0.0)  (0.0) (0.0) 02)  (0.0) .0 0.0)  (0.0) (0.1) ©02) (1.7)  (0.0) 0.0)  (0.0) (0.0) ©.1)
Cx. pipiens 0 0 0 47 10 4 885 1135 3 14.5 48.5 13 24 55.5 17 13.5 275 85 1.5 0.5 1 234
0.0)  (0.0) (0.0) 6.8) (4.0) (258) (53) (212) (1.5) 26) (11.0) (2.7) (05 (56) (1.8) (2.5) (309) (44)  (15.8) (100.0) (25.0)  (4.1)
Cx. [ri[aenigrhynchus 0 0 0 0 0 0 0 0 1.5 0 0 0.5 3 125 6.5 8.5 8.5 1 0 0 0 2.0
0.0)  (0.0) (0.0) 0.0)  (0.0) (0.0 0.0)  (0.0) (0.7) 0.0)  (0.0) (0.1) ©.1) (58 (0.7) (1.6) (9.6) (0.5) 0.0)  (0.0) (0.0) (0.3)
Man. uniformis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0.0
0.0)  (0.0) (0.0) 0.0)  (0.0) (0.0) 0.0) (0.0) (0.0) 0.0)  (0.0) (0.0) (0.0) (0.0) (0.0) ©.1)  (0.0) (0.0) 0.0)  (0.0) (0.0) (0.0)
Oc. koreicus 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0.5 1 0 0 0 0 0.1
0.0)  (0.0) (0.0) 0.0)  (0.0) (0.0) 0.0)  (0.0) (0.0) 0.0)  (0.0) (0.1) 0.0) (0.0) (0.0) ©.1) (L)  (0.0) 0.0)  (0.0) (0.0) (0.0)
Total 0 0 0.5 695 2495 15.5 1,682.5 534.5 206 566.5 442 478 5,182.5 2165 9325 547 89 194 9.5 0.5 4 573.6

- - (100)  (100) (100) (100)  (100) (100) (100)  (100) (100) (100)  (100) (100) (100)  (100) (100) (100)  (100) (100) (100)  (100)

®Number of female mosquitoes per trap/night.
PPercentage (%) of each mosquito number collected in each month.
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Table 4. Distribution of mosquito species collected at each location using BG and BL traps in Cheongju from 2016-2018

. Ae. Ae. Ar. . Cx. . Cx. Cx. . Cx . M. Oc. Anopheles
Year Location Trap albopictus ~ vexans  subalbatus bitaenio- orientalis ipiens fritaenio- uniformis  koreicus S| Total
P rhynchus ! vy rhynchus e ! PP-
BG 245 35 261 0 8 1,549 1 0 218 2 2,319
Residential area
BL 2 204 1 0 35 259 2 0 38 58 599
Migratory bird BG 119 289 422 0 25 352 4 0 37 52 1,350
2016 sanctuary BL 7 795 21 2 48 77 21 0 46 28 1,045
Cowshed BL 0 14,901 8 0 4 378 23 1 1 2,050 17,366
' BG 364 324 683 0 33 1,901 5 0 305 54 3,669
Total
BL 9 15,900 30 2 87 714 46 1 85 2,136 19,010
BG 312 12 119 0 4 934 0 0 33 0 1,414
Residential area
BL 0 1 2 0 1 69 0 0 3 3 79
Migratory bird BG 234 606 370 0 5 272 7 0 72 2 1,568
sanctuary BL 17 163 53 0 54 39 10 0 23 18 377
2017
BG 0 209 17 0 - 212 3 0 1 10 452
Cowshed
BL 0 1,350 18 0 3 299 39 0 0 902 2,612
Total BG 546 827 506 0 9 1,418 10 0 106 12 3,434
otal
BL 17 1,514 73 0 58 407 49 0 27 923 3,068
BG 530 5 23 0 3 697 2 0 20 0 1,280
Residential area
BL 1 2 0 0 1 83 0 0 1 11 99
Migratory bird BG 162 154 319 0 1 272 68 0 46 14 1,036
sanctuary BL 38 451 30 2 27 75 42 0 48 14 727
2018
BG 1 90 7 0 1 65 15 0 0 3 182
Cowshed
BL 0 2,349 1 0 19 28 4 0 1 1,077 3,479
' BG 693 249 349 0 5 1,034 85 0 66 17 2,498
Total
BL 39 2,802 31 2 47 186 45 0 50 1022 4,305

Seasonal distribution of mosquitoes 387



Table 5. Correlations between meteorological condition and mosquito abundance and species at each location in the Cheongju area from
2016-2018

Year Meteorological condition Variable dar R? F-value p-value

2016 Precipitation Residential area 13 0.0531 0.67 0.4282

Migratory bird sanctuary 13 0.4024 8.08 0.0148

Cowshed 13 0.3374 6.11 0.0294

BG 13 0.1364 1.89 0.1938

BL 13 0.3598 6.74 0.0234

Cx. pipiens 13 0.0019 0.02 0.8824

Ae. albopictus 13 0.4744 10.83 0.0064

Ae. vexans 13 0.3084 5.35 0.0393

Cx. tritaeniorhynchus 13 0.3081 5.34 0.0394
Anopheles spp. 13 0.5122 12.6 0.004

Temperature Residential area 13 0.0252 0.31 0.5876

Migratory bird sanctuary 13 0.367 6.96 0.0217

Cowshed 13 0.376 7.23 0.0197

BG 13 0.076 0.99 0.3400

BL 13 0.4385 9.37 0.0099

Cx. pipiens 13 0.0004 0.01 0.9443

Ae. albopictus 13 0.5472 14.5 0.0025

Ae. vexans 13 0.386 7.54 0.0177

Cx. tritaeniorhynchus 13 0.2606 4.23 0.0621

Anopheles spp. 13 0.5006 12.03 0.0046

2017 Precipitation Residential area 13 0.0015 0.02 0.8952
Migratory bird sanctuary 13 0.0661 0.85 0.375

Cowshed 13 0.0484 0.61 0.4498

BG 13 0.0478 0.6 0.4525

BL 13 0.0957 1.27 0.2819

Cx. pipiens 13 0.0235 0.29 0.6012

Ae. albopictus 13 0.093 1.23 0.2889

Ae. vexans 13 0.0545 0.69 0.4220

Cx. tritaeniorhynchus 13 0.0001 0.0 0.9771

Anopheles spp. 13 0.4165 8.56 0.0127

Temperature Residential area 13 0.3615 6.8 0.0229

Migratory bird sanctuary 13 0.1248 1.71 0.2153

Cowshed 13 0.3072 5.32 0.0397

BG 13 0.183 2.69 0.1271

BL 13 0.3813 7.4 0.0186

Cx. pipiens 13 0.1603 2.29 0.1561

Ae. albopictus 13 0.339 6.15 0.0289

Ae. vexans 13 0.069 0.89 0.3642

Cx. tritaeniorhynchus 13 0.0386 0.48 0.5007

Anopheles spp. 13 0.2902 4.91 0.0469
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Table 5. Continued

Year Meteorological condition Variable daf R? F-value p-value
2018 Precipitation Residential area 13 0.0167 0.20 0.6597
Migratory bird sanctuary 13 0.0048 0.06 0.8134

Cowshed 13 0.2174 3.33 0.0929

BG 13 0.0016 0.02 0.8905

BL 13 0.1857 2.74 0.1240

Cx. pipiens 13 0.0009 0.01 0.9168

Ae. albopictus 13 0.0094 0.11 0.7410

Ae. vexans 13 0.0459 0.58 0.4620

Cx. tritaeniorhynchus 13 0.0426 0.53 0.4789

Anopheles spp. 13 0.5478 14.54 0.0025

Temperature Residential area 13 0.1018 1.36 0.2662
Migratory bird sanctuary 13 0.2198 3.38 0.0908

Cowshed 13 0.5417 14.18 0.0027

BG 13 0.0069 0.08 0.7780

BL 13 0.5583 15.17 0.0021

Cx. pipiens 13 0.0059 0.07 0.7940

Ae. albopictus 13 0.0 0.0 0.9816

Ae. vexans 13 0.5232 13.17 0.0035

Cx. tritaeniorhynchus 13 0.0877 1.15 0.3038

Anopheles spp. 13 0.2834 4.75 0.0500

W)ok 2 =0.3813 (2017), = 0.5583 (2018 & 2&E =27
A o] e A= Yehth ey =8 2] F
2 vk 412016 2ol 7ol g Faks v
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75 A 2zl wet dEHs ) Sl Ao R U
Epich

e 0] m7|7F AYE SAblA Y] ey Aol
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A3} 2016 E o= 7F4=2K2 = 0.3084) T} = (= 0.386) 7}
7] WEel oju A Heo] 9 Ao Z vEhdort, 2017

Il" ne
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Table 6. Comparison of the minimum infection rate (MIR) of mosquito samples collected in the Cheongju area from 2016-2018

2016 2017 2018
Species No. No. Positive a No. No. Positive No. No. Positive MIR
mosquito pools  pool mosquito pools  pool mosquito pools  pool

Ae. albopictus 373 30 0 - 563 28 0 - 732 34 0 -
Ae. vexsans nipponii 16,224 354 2 0.123 2,341 69 0 - 3,051 88 1 0.328
Ar. subalbatus 713 41 0 - 579 37 0 - 380 32 0 -
Cx. bitaeniorhynchus 2 1 0 - 0 - - - 2 1 0 -
Cx. orientalis 120 20 0 - 67 13 0 - 52 10 0 -
Cx. pipiens pallens 2,615 95 0 - 1,825 74 0 - 1,220 72 0 -
Cx. tritaeniorhynchus 51 10 0 - 59 9 0 - 131 16 0 -
M. uniformis 1 1 0 - 0 - - - 0 - - -
Oc. koreicus 390 38 0 - 133 22 0 - 116 16 0 -
Anopheles spp. 2,190 - - - 935 - - - 1,119 - - -
Total 22,679 590 2 0.088 6,502 252 0 - 6,803 269 1 0.147

*Minimum Infection Rate (MIR) =

o] unknown 0.2 Y5} o) 2

009 F=roll A 2 FHto]
P20 HHRE AFO R s R b g
A ofafolg A0t FAUgto] It Wang et al., 2009;
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(Kim et al., 2011).
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