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Abstract |

We determined the geographic spread of the invasive hornet, Vespa velutina nigrothorax which had
established in Young-do, Busan in Southeastern Korean since 2003. After invasion, the hornets is
expanding its distribution. Yearly dispersal was estimated as 9.4 Km northward. Distribution area
increased exponentially reaching ap. 70% of total districts. CLIMEX model analysis indicates that
the ecoclimatic indices (El) increased as the projection year increased based on RCP8.5 scenario.
Because of the lack of the correlation between the estimated El values and actual distributional
value, we project that this type of spread will continue to certain period. Given the important risk
and impact on beekeeping, socio-biological as well as ecosystem and biodiversity levels, careful
monitoring of phenology, range expansion and preventive efforts mitigating the impact are further

required.
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Table 1. Parameters used in CLIMEX for Vespa velutina nigrithorax in Korean environment

. . SMO SM1 SM3 SM4
Moisture index
0.2 0.6 1.5 25
. DVO DV1 DV2 DV3
Temperature index
10 18 26 31

Light index

Indices are not applied in model

Diapuase index

TTCS THCS DTCS DHCS TTCSA THCSA
Cold stress
0 0 10 -0.00014 0 0
TTHS THHS DTHS DHHS
Heat stress
32 0.0035 0 0
SMDS HDS
Dry stress
0.15 -0.008
SMWS HWS
Wet stress
2.5 0.002

Cold-dry stress
Cold-wet stress
Hot-dry stress

Indices are not applied in model

TTHW MTHW PHW
Hot-wet stress
28 0.8 0.03
DVO DV3 MTS
DayDegree >DV0
10 31 7
DVCS *DV4 MTS
DayDegree >DVCS
10 100 7
DVHS *DV4 MTS
DayDegree >DVHS
31 100 7
DayD G ti PbD
ayDegree per Generation
yoeereep ' 462
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Table 2. Geographical information of simulated locations in Korea
Location Latitude Longitude Elevation (m) Location Latitude Longitude Elevation (m)

Sokcho N38°15'00" E128°34'12" 17.79 Chupungnyeong N36°13'12" E128°00'00" 242.53
Cheorwon N38°09'00" E127°18'36" 154.22 Gumi N36°07'48" E128°19'12" 47.86
Inje N38°03'36" E128°10'12" 198.60 Geumsan N36°06'00" E127°28'48" 171.26
Chuncheon N37°54'00" E127°4424" 76.82 Pohang N36°01'48" E129°22'48" 1.88

Dongducheon N37°54'00" E127°03'36" 112.49 Gunsan N35°59'24" E126°42'36" 25.57
Gangneung N37°45'00" E128°53'24" 2591 Yeongcheon N35°58'12" E128°57'00" 94.10
Ganghwa N37°42'00" E126°27'00" 45.65 Daegu N35°52'48" E128°37'12" 57.64
Daegwallyeong  N37°40'48" E128°45'36" 842.52 Jeonju N35°49'12" E127°09'36" 5348
Hongcheon N37°40'48" E127°52'48" 140.59 Buan N35°43'48" E126°43'12" 10.68
Seoul N37°34'12" E126°58'12" 86.02 Geochang N35°40'12" E127°54'36" 220.88
Donghae N37°30'00" E129°07'48" 39.60 Jangsu N35°39'00" E127°31'12" 407.01
Yangpyeong N37°29'24" E127°30'00" 4701 Imsil N35°36'36" E127°17'24" 246.85
Ulleungdo N37°28'48" E130°54'00" 221.00 Ulsan N35°33'36" E129°19'12" 34.69
Incheon N37°28'12" E126°37'48" 68.85 hapcheon N35°33'36" E128°10'12" 32.66
Wonju N37°19'48" E127°57'00" 150.00 Jeongeup N35°33'36" E126°52'12" 4411

Suwon N37°16'12" E126°59'24" 3358 Miryang N35°29'24" E128°45'00" 12.60
Icheon N37°15'36" E127°29'24" 7779 Sancheong N35°24'36" E127°52'48" 138.5
Yeongwol N37°10'48" E128°27'36" 239.79 Namwon N35°24'00" E127°20'24" 89.70
Taebaek N37°10'12" E128°59'24" 71345 Jinju N35°12'36" E128°07'12" 21.32
Jecheon N37°09'36" E128°12'00" 263.21 Masan N35°1124" E128°34'12" 12.50
Uljin N36°59'24" E129°25'12" 4942 Gwangju N35°10'12" E126°53'24" 70.53
Chungju N36°58'12" E127°57'00" 113.10 Busan N35°06'00" E129°01'48" 69.23
Bonghwa N36°56'24" E128°55'12" 321.52 Geoje N34°53'24" E128°36'36" 4527
Yeongju N36°52'12" E128°31'12" 21021 Tongyeong N34°5024" E128°26'24" 31.70
Cheonan N36°46'48" E127°07'12" 24.89 Nambhae N34°48'36" E127°55'48" 4441

Seosan N36°46'12" E126°30'00" 2593 Mokpo N34°48'36" E126°22'48" 37.88
Cheongju N36°3824" E127°26'24" 57.36 Yeosu N34°4424" E127°4424" 66.05
Mungyeong N36°37'12" E128°09'00" 170.36 Jangheung N34°4124" E126°55'12" 4522
Andong N36°34'12" E128°42'36" 139.39 Heuksando N34°40'48" E125°27'00" 73.80
Yeongdeok N36°31'48" E129°24'36" 4123 Goheung N34°37'12" E127°16'48" 5327
Boeun N36°28'48" E127°4424" 174.10 Haenam N34°33'00" E126°34'12" 13.74
Daejeon N36°22'12" E127°22'12" 68.28 Wando N34°23'24" E126°42'00" 34.87
Uiseong N36°21'00" E128°41'24" 81.09 Jeju N33°30'36" E126°31'48" 1997
Boryeong N36°19'12" E126°33'36" 15.29 Gosan N33°16'48" E126°10'12" 71.70
Buyeo N36°16'12" E126°55'12" 1135 Seogwipo N33°1424" E126°34'12" 5047
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Fig. 1. Temporal change of geographical distribution of the invasive
hornet, Vespa velutina nigrithorax in Korea.
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Fig. 2. Regression relationship between year after invasion and
distribution area (upper) or distance traveled (lower) by Vespa
velutina nigrithorax after invasion into Korea since 2003.
Error bars indicate the standard error.
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Table 3. Ecoclimatic indices from CLIMEX modeling for Vespa velutina in some selected locations Korea based on the past and future
weather conditions. Future weather conditions were simulated based on RCP8.5 scenario

Past weather Future weather Past weather Future weather
Location Location
2000 2012 2050 2080 2000 2012 2050 2080

Andong 3 17 17 19 Inje 3 12 13 19
Boeun 7 15 18 19 Jangheung 6 20 21 28
Bonghwa 7 13 13 19 Jangsu 13 17 16 23
Boryeong 8 18 30 33 Jecheon 6 14 13 19
Buan 6 21 24 29 Jeju 11 27 34 50
Busan 17 25 31 39 Jeongeup 5 21 19 23
Buyeo 0 18 18 20 Jeonju 1 20 17 20
Cheonan 8 18 17 19 Jinju 0 22 16 25
Cheongju 6 17 18 18 Masan 7 21 21 26
Cheorwon 3 13 15 17 Miryang 0 21 18 21
Chuncheon 0 13 14 18 Mokpo 11 23 36 44
Chungju 2 18 16 18 Mungyeong 1 18 16 20
Chupungnyeong 4 16 16 20 Namhae 1 22 21 28
Daegu 2 19 16 19 Namwon 3 19 14 21
Daegwallyeong 12 4 8 17 Pohang 0 24 22 24
Daejeon 7 18 18 19 Sancheong 0 18 15 26
Dongducheon 1 14 15 17 Seogwipo 30 29 43 57
Donghae 6 17 22 20 Seosan 8 16 26 36
Ganghwa 7 13 22 33 Seoul 3 16 17 17
Gangneung 0 8 12 17 Sokcho 5 8 12 18
Geochang 4 17 15 23 Suwon 4 18 17 21
Geoje 14 22 30 37 Taebaek 8 4 7 18
Geumsan 6 18 17 20 Tongyeong 18 25 34 43
Goheung 7 25 30 39 Uiseong 0 17 17 19
Gosan 27 27 45 60 Uljin 6 17 20 24
Gumi 0 18 18 20 Ulleungdo 16 25 40 53
Gunsan 11 18 29 33 Ulsan 1 22 22 28
Gwangju 4 18 15 22 Wando 14 19 22 31
Haenam 7 21 27 35 Wonju 2 15 15 17
hapcheon 0 21 16 23 Yangpyeong 0 15 15 17
Heuksando 18 22 41 53 Yeongcheon 0 21 17 22
Hongcheon 1 14 14 18 Yeongdeok 6 18 21 25
Icheon 3 18 15 17 Yeongju 0 15 15 21
Imsil 8 18 16 22 Yeongwol 3 14 14 18
Incheon 3 14 22 33 Yeosu 14 23 28 37

VXA 7R O] A= o d 94kmA F7Feh= Ao T EES & 4= Ut oA AEo] s,
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28 7km/yr§ T AT Jung(2012)= 27| A} RS v 3L AFFsHA "ok 0L $ AR e] 2717 AR A

o8 FH2WHY A sHHAGE R24kmiyr2 A S S J32 S|} o] Fof Xnk J i Sl =
JEMOHAH 67 3km/yr=t} -2 Z|qt, 3F9 oAk Z7) wWE S 2 2=, A 717ko] AU A Qb
S o wepd A0 R o &3t up Qo E Ao A3t dA = o] =ch(Kiritani and Yamamura, 2003).
Aibs SO JhAITE Ak AP z7)9t v Ty S o] gk AR 218 2l AdEf o]
wate] Hrjo 2| x| ghorom, @5 Lo L& o AES SRR AT 279 ST Aato] 7| =
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Fig. 3. Change of ecoclimatic index (EI) estimated by CLIMEX
modeling using the past and future weather data. Future
weather data was simulated based on RCP 8.5 climate change
scenario. Error bars indicate the standard deviation of the
simulated variables.
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Fig. 4. Relationship between weighted distribution values of Vespa
velutina nigrithorax and predicted possible establishment

(ecoclimatic index) simulated in 2012 in Korea. Regression
analysis showed no significant relationship (P>0.05, R?=0.03).
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Fig. 5. Simulated geographic distribution of Vespa velutina
nigrithorax in South Korea using CLIMEX model with past
weather data (2000 and 2012) and RCP8.5 climate change
simulated weather data (2050 and 2080). Ecoclimatic indices
(Els) with 12.5km resolution were interpolated raster surface,
using an inverse distance weighted (IDW) technique (Spatial
Analyst) in ArcGIS software, which indicate the suitability of
a location for V. velutina.

2050

= 5% 71 (Stress)S AW 3} sFo 2| 2o
23 43S 767] 9J8f o5 nerhset 4
k27191 Hot-wet stress= =7} 2 AM8-3191ch

Fol M ALgHL AL UFol F

AP EL O

Sihe) ol AEE ohE AR AR M o)F 2
SIS 1A B A4S AET NS olol b
A #5702 B2 ek Felo] o] 2oj et
S A 2] o] 2= F-2 th7) 10% el olch. A% o]
3 ARlze] WAL SHtEIThE o= A e
o AE A 915 255k = okg st e thRuiz
and Carton, 2003). A&+ A2 5 AE(F 10%)= 7
A2 A Tgel W7} A 02 ol WA AL
SlAAIA EAE oF7]5H] A%}

oi

i, A 2a

ofu] S| F o] 5 Atz ol 4

=
FeAEGoll et wsE L & oFY 2HJung,
2012; Choi et al., 2015), =41 2] 252 <13 Oltﬂ/\}_T/_
o OSu

Elgte] 20th -2 2],
o Qlof i 5} o}

&
= fUoofn
Lot @ ol
o o ay
C oo 12 o
5ok g
é E = 1k
m 2
It & =0
oo
ot X 18 & XN &

4 T oo N g

o3

i)
or
N

—
O
N~
anl
N
12,
N
ofT
MoH
12 o
HT
o g0

£

18 |o
S

iy oo N

<
v

I pE ot
1o
o
offt
2
k=)
I
i
H
N
o
e
Y

A ol 5
a7 9] wgle] Seregich #5 5
oA 31 8 L st g

N,

oY Ar
<]
N
R
2 Hoox 4
10 o o > g 2 ox

oo
o

rlo
d
1=}
E
o 10

=2

o>
o,
@
)
o
1o
S
ok o4
mlo
T
129
lo
N
T
X,
o
tE 30
ol

m\:l
_>L and
-L—? ol L
= By
1o

Lo

o

Ir
o £
=

AE
N
ofN L
=
A
i
ofl
o

(e
2~
N
ot
ro
>
we,
R
>
gi
1' offt
1o
r ~|
N
rlr
off
o
flo
i)
E

dl., 2008). gjﬂgq/]
& Ape7h 05251 S Vo] 4o o
o= & x| ¢rrh(Shaw and Weidhaas, 1959; Beggs, 2011;
Beggs ef al., 2011). 57 22 & Eo] gl Ateo] 45}
1, 2003~20041 o] 6}%4 e} 2of 2 9l51 thlung
et al.,2008; Villemante et al., 2008). ©] &= 7| A+ X+
T A AT d%‘ o] 7} H]<zstaL, ofuf
L ohsan|gh o gk el o osiA ZfA|TEo] Al
AL e Ao R A3}l 9t Arca ef al., 2015). 1
& el A5

/\



Climax Modeling of Vespa velutina 301

in}
o2
ok
N
2
Gl
N
N
R
ki
s
iu}
Hi

o Jof 5X 2
=7}t A

ol=
=

=71&7HA]
4 fﬂi—‘é°ﬂ EFTEE0] 2 5}11 o= 7%k
4= Qlth(Jung et al., 2008; Choi et al., 2012;
Jung, 2012).26} /\}Q]H B2 Ak U] SE ] 7}
WA, ek o) B 2 2, 2l A4l
2iﬂﬂ%%%€%2iix%
Aol A M54 e
Q) thMack et al., 2000; Beggs, 2001). 54
AL W B ofU 2} A1) 0 R E o)
S AlSshaL ok & dAtoll A= 7 A=k gH4F
35taL, o] ”*H*J —t#:‘EOH 2%

>
N =2 1B

_EL_>L

o,
u e
2

bl

>
B
il
=

ol
)
K

L
ry

o 1~U J
N
Ehl
=
)
02, ©
e
N oon O
i< A R
off
R
_Iéd
o o

H

ol
ox
N
o

S

N
fr
N
fo
lo A
oN,
© ¢
flo uit ol

L ofN T
to =}
1

r _ll~> e
N H oo

1z
ofi
o
£ ]
E
o
i

Hoh

o>
.,d
_>|:
ol
o

lo ol rlo

Q%%éﬂﬂﬂ5§ﬂ®4E
WY BEIAS FRI TE A4
Johs o 49 BEGL A DY mU e
AYBIAA 3l A ek e o
of 3t A & h2o] AT A ofof 3

o >,_M‘_‘ r_°£

Mo

ol
~
Moo i f o nd ooz 2 Fy ox A oo

ol rh r% o nE ot o
!
N
|o

ST, Vespa velutina nigrithorax-2- 2003 £
ol AT ol o BT 9k LEWA
5 Sk 1 3 W 0 A 2k
HLFRAY7HA] E2 |9 S Sehstl e, A4 A
A7 s Al A 70% F =5 A Fsk3lT.
CLIMEX ®. 95 7]‘?_}9-i Tx7bs e AlEdelA
& B3 R A& AL AL
200040l FAAE 2R oA AR
201200 Y ﬂ“%%%ﬂ%ﬂ%rﬂ%ﬂ
tha melEglom, b
},2050\d of = 2.2

g BUEPS B2 AREAE 513 YR e,
AN A A 7 pote] ek 2 T 2lo] 1 )
wrojo} 8 71 0.3 whekelck

B e ar
(PI01085102)2] %] 212 tko} o] o] # &1t}

Abrol, D. P. 1994. Ecology, behaviour and management of
social wasp, Vespa velutina Smith (Hymenoptera:
Vespidae), attacking honeybee colonies. Korean J.
Apic. 9: 5-10.

Andow, D. A.,P. M. Kareiva, S. A. Levin and A. Okubo. 1990.
Spread of invading organisms. Landscape Ecology 4:
177-188.

Arca, M., F. Mougel, T. Guillemaud, S. Dupas, Q. Rome, A.
Perrard, F. Muller, A. Fossoud, C. Capdevielle-Dulac,
M. Torres-Leguizamon, X.X. Chen, J.L Tan, C. Jung,
C. Villemant, G. Arnold, and J.F. Silvain. 2015.
Reconstructing the invasion and the demographic
history of the yellow-legged hornet, Vespa velutina, in
Europe. Biol. Invasion 17: 2357-2371.

Barbosa, F. G., F. Schneck and A.S. Melo. 2012. Use of
ecological niche models to predict the distribution of
invasive species: a scientometric analysis. Brazilian
Journal of Biology. 72: 821-829.

Beggs, J. R. 2001. The ecological consequences of social wasps
(Vespula spp.) invading an ecosystem that has an
abundant carbohydrate resource. Biol. Conservation,
99: 17-28.

Beggs J. R., E. G. Brockerhoff, J. C. Corley, M. Kenis, M.
Masciocchi, F. Muller, Q. Rome and C. Villemant.
2011. Ecological effects and management of invasive
alien Vespidae. Biocontrol, 56: 505-526.

Choi, M. B., S. J. Martin and J. W. Lee. 2012. Distribution,
spread and impact of the invasive hornet Vespa velutina
in South Korea. J. Asia-Pac. Entomol. 15: 473-477.

Choi, M. B., K. K. Jeong and J. W. Lee. 2013. Checklist and
Distribution of Korean Vespidae Revisited. Korean J.
Appl. Entomol. 52: 85-91.

Choi, Y.S.,M.L.Lee,M. Y. Lee, H. K. Kim, M. Y. Yoon and
A. R. Kang. 2015. Trapping of Vespa velutina nigri-
thorax Buysson (Hymenoptera: Vespidae) Queen Near
Apiaries Honeybee Comb Extract in South Region of



302 K

Korea. Korean J. Apic. 30: 281-285.

Hill, J. K., H. M. Griffiths and C. D. Thomas. 2010. Climate
change and evolutionary adaptations at species' range
margins. Annu. Rev. Entomol., 56: 143-159.

Hoddle, M. S. 2004. The potential adventive geographic range
of glassy-winged sharpshooter, Homalodisca coagulata
and the grape pathogen Xylella fastidiosa: implications
for California and other grape growing regions of the
world. Crop Protection. 23: 691-699.

Ibanez-Justicia, A. and A. JM. Loomans, 2012. Mapping the
potential occurreence of an invasive species by using
CLIMEX: case of the Asian hornet (Vespa velutina
nigrithorax) in the Netherlands. In Proceedings
Netharlands Entomol. Soc. Mt. Amsterdam.

Jeong, S. Lee C. D. Kim, C. Lee and C. Jung. 2016. Questio-
nnaire study on the overwintering success and pest
management of honeybee and damage assessment of
vespa hornets in Korea. Korean J. Apic. 31: 201-201.

Jung, C., D. Kim, H. S. Lee and H. Baek. 2008. Some
biological characteristics of a new honeybee pest, Vespa
velutina nigrithorax Buysson 1905 (Hymenoptera:
Vespidae). Korean J. Apic. 24: 61-65.

Jung, C. 2012a. Spatial Expansion of an Invasive Hornet, Vespa
velutina nigrithorax Buysson (Hymenoptera: Vespidae)
in Korea. Korean J. Apic. 27: 87-93.

Jung, C. 2012b. Initial state risk assessment of an invasive
hornet, Vespa velutina nigrithorax Buysson (Hyme-
noptera: Vespidae) in Korea. Korean J. Apic.. 27: 95-
104.

Jung, C. and S. K. Cho. 2015. Relationship between honeybee
population and honey production in Korea: A historical
trend analysis. J. Apic. 30: 7-12.

Jung, C., M. S. Kang, D. Kim and H. S. Lee. 2007a. Vespid
wasps (Hymenoptera) occurring around apiaries in
Andong, Korea I. Taxonomy and life history. Korean J.
Apic. 22: 53-62.

Jung, C., M. S. Kang and D. Kim. 2007b. Vespid wasps
(Hymenoptera) occurring around apiaries in Andong,
Korea : II. Trap catches and seasonal dynamics. Korean
J. Apic. 22: 63-70.

Kim, J. K., M. B. Choi and T. Y. Moon. 2006. Occurrence of
Vespa velutina Lepeletier from Korea, and a revised
key for Korean Vespa species (Hymenoptera: Vesp-
idae). Entomological Research 36: 112-115.

Kiritani, K. and K. Yamamura. 2003. Exotic insects and their
pathways for invasion. pp 44-67. In (eds) Ruiz, G.M.
and J.T. Carlton. Invasive species. Vectors and manag-
ement strategies. Island Press. Washington. USA.

Kriticos, D. J., R. W. Sutherst, J. R. Brown, S. W. Adkins and
G. F. Maywald. 2003. Climate change and the potential
distribution of an invasive alien plant: Acacia nilotica
ssp. indica in Australia. Journal of Applied Ecology.
40: 111-124.

Lockwood, J. L., M. F. Hoopes and MP. Marchetti. 2007.
Invasion ecology. 2™ ed. Wiley-Blackwell. p. 444,

Mack, R. N., D. Simberloff, W. M Lonsdale, H. Evans, M.
Clout and F. A. Bazzaz. 2000. Biotic invasions: Causes,
epidemiology, global consequences, and control.
Ecological Applications, 10: 689-710.

Park, J., H. H. Mo, G. S. Lee, S. E. Lee, J. H. Lee and K. J.
Cho. 2014. Predicting the potential geographic
distribution of Thrips palmi in Korea, using the
CLIMEX model. Entomological Research. 44: 47-57.

Perrard, A., J. Haxaire, A. Rortais, and C. Villemant. 2009.
Observations on the colony activity of the Asian hornet
Vespa velutina Lepeletier 1836 (Hymenoptera:
Vespidae: Vespinae) in France. Ann. Soc. Entomol. Fr.
45: 119-127.

Ruiz, G. M. and J. T. Carlton. 2003. Invasive species. Vectors
and management strategies. Island Press. Washington.
USA pp. 518.

Shabani, F., L. Kumar and A. Esmaeili. 2013. Use of CLIMEX,
Land use and Topography to Refine Areas Suitable for
Date Palm Cultivation in Spain under Climate Change
Scenarios. Journal of Earth Science and Climatic
Change. 4: http://dx.doi.org/10.4172/2157-7617.
1000145.

Shaw, F. and J. Weidhaas. 1956. Distribution and habits of the
giant hornet in North America. Journal of Economic
Entomology, 49: 275.

Sim,H.S.,M. Y. Lee, Y. S. Choi, H. G. Kim, I. P. Hong, S. O.
Woo, K. H. Byeon and M. Y. Lee. 2014. Pattern of
Emergence of Vespa velutina nigrithorax Buysson
(Hymenoptera: Vespidae) on Spring in South Part of
Korea. Korean J. Apic. 29: 353-358.

Sutherst, R. W., G. F. Maywald and D. Kriticos. 2007.
CLIMEX version 3 User’s Guide, CSIRO, Australia.

Tan, K. S. Radloff, J. J. Li, H. R. Hepburn, M. X. Yang, L. J.
Zhang, and P. Neumann. 2007. Bee-hawking by the
wasp, Vespa velutina, on the honeybees Apis cerana
and A. mellifera. Die Naturwissenschaften, 94: 469-72.

Vera, M. T., R. Rodriguez, D. F. Segura, J. L. Cladera and R.
W. Sutherst. 2002. Potential geographical distribution
of the mediterranean fruit fly, Ceratitis capitata
(Diptera: Tephritidae), with emphasis on Argentina and
Australia. Environmental Entomology. 31: 1009-1022.

Villemant, C., A. Perrard, Q. Rome, O. Gargominy, J. Haxaire,
E. Darrouzet and A. Rortais. 2008. A new enemy of
honeybee in Europe: the invasive Asian hornet Vespa
velutina. In the Proceeding of 10th International
Congress of Zoology. Paris, France.

Villemant, C., M. Barbet-Massin, A. Perrard, F. Muller, O.
Gargominy, F. Jiquet, and Q. Rome. 2011. Predicting
the invasion risk by the alien bee-hawking yellow-
legged hornet Vespa velutina nigrithorax across Europe
and other continents with niche models. Biol.



Climax Modeling of Vespa velutina 303

Conservation 144: 2142-2150. and Forest Entomology. 12: 403-416.
Wang, Y., G. W. Watson and R. Zhang. 2010. The potential Williamson, M. 1996. Biological invasions. Chapman & Hall.
distribution of an invasive mealybug Phenacoccus London. pp. 244.

solenopsis and its threat to cotton in Asia. Agricultural



	CLIMEX 모델을 이용한 외래 침입 해충, 등검은말벌(Vespa velutina nigrothorax)의 분포 위험 예측
	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	적요
	인용문헌


