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Ecological Characteristics of Hornets(genus Vespa) Considering

Environmental Spatial Information in Urban Children’s Parks™
Whee-Moon Kim’, Seoug-Yeal Kinm’, Wonkyong Song*’, Mun-Bo Choi’

2¢

EAEEHAE 71E AAEAE D] opIE B QITto] 9 FESe ARERHE] S Aldth 2Ry =A
A 9 Fof] E3sh= Wil (genus Vespa)> EAVEIAI] G782 712 a8ght SAlo EARIOA &84 424
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S8 B A oR EARE At RERE AdSolt) 2 dke TEse] AR 7IREE el 2018\ 49 E] 11971A]
3237 HeHA] ofglo| 3 27704 ) WHENS AX|§ WH(Vespa crabro flavofasciata), ZH(Vespa analis
parallela), =W H(Vespa mandarinina), =W H(Vespa ducalis), 55322 (Vespa velutina nigrithorax)S 322
sl Ed T A E ofslo]dde] oA B E MRS et WG] 9 ARkE EAsIGnE At 71kt
grdae & R187A7L EEEglon, Fas S 290717)(35.4%), W 26070H1(31.8%), HnPgUH 1007)4)
(12.1%), =t 8771A41(10.6%), S 8170AI(9.9%) o= B EQie). thiio] s AR(KE) ol 5~6
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s 23] JA| 5 A At 23 A 67lA0A 36370A1(44.3%), B 67HA0llA] 3570A](4%) 7} & =]
gt 2polE Felgt 4= U}t E3] A9 67142 H+t NDVI(Normalized difference vegetation index)+= 0.79%
5191 6714~0] et NDVIG 0.383} 5093t H#(k AJol5 K om(1=2.67*, *=p<0.05), F=H EA|olgo] 24| T2 XY
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ABSTRACT

Unlike natural ecosystems, the urban ecosystem provides an interdependent environment in which wild
organisms and urban people co-exist. Hornets (genus Vespa) appearing in urban green and parks have a positive
effect on urban ecosystems, but they also cause ecosystem disservices that cause physical and psychological
discomforts to the urban people. Children’s parks, for example, are very popular among children and residents
for easy accessibility, and hornets also use them as bases and habitats. However, there is still a lack of spatial
analysis of habitats and appearance characteristics of hornets in children’s parks. This study installed hornet
traps in 27 children’s parks in Cheonan from April to November 2018 in consideration of the life cycle of
hornets. We captured a total of five Vespa species (Vespa crabro, V. analis, V. mandarinia, V. ducalis, and V.
velutina) for 32 weeks and analyzed the emergence of hornets in relation to the composition of seasonal
characteristics, species characteristics, and environmental spatial information. We captured a total of 818
hornets during the study period. They included 290 V. analis (35.4%), 260 V. crabro (31.8%), 100 V. ducalis
(12.1%), 87 V. mandaninia (10.6%), and 81 V. velutina(9.9%). Most of the hornets showed a common feature
that queen hornets were largely captured in May through June after they awake from hibernation, and the
number of caught hornets decreased sharply beginning in mid-June, which was the cooperative period.
However, V. velutina showed a seasonal specificity that more than 80% were captured beginning in the third
week of October when other hornet species had already entered a decline phase. The analysis of the number of
hornets caught in each spot in children’s parks showed significant difference among the spots as 363 hornets
(44.3%) were captured in top children’s parks, and 35 hornets (4%) were captured in bottom children’s parks.
In particular, the mean NDVI (Normalized difference vegetation index) of the top six children’s parks was 0.79,
and that of the bottom six children’s parks was 0.38 (=2.67*, *=p<0.05), indicating a significant difference.
The frequency of capturing hornets was high when the ground around the children’s parks was grass or bare
land. This study is meaningful as a reference study that confirms the ecological characteristics of hornets
appearing in green and parks in the city. We expect it to be a foundation for effective urban green area
management in the future.

KEY WORDS: MICROHABITAT, VESPINAE, ECOSYSTEM SERVICES, URBAN PARK, NDVI

M= Hle] Bt ggo] Bue] o] AAARA PRl Bl
E7|%= K Allsopp et al., 2008; Lorenz and Stark, 2015).
CARAE ok BA |4 9 3 EANIO)A| ) Thid(genus Vespa) A 2 U] EAERAA 7HA)]

25t e Alsat opY AEolAle AAA H AR SEH 57} S7FstaL QItHChoi er al., 2012a). 'EE&4-2 Edut up
CHBolund and Hunhammar, 1999; Hillary et al., 2002). VA 2 8 ujrA} e shy 23 U 2ARY] EAIRLE
53] AR A AT EAIRE tEA oUA]Y] B 9 & AFYEA W ks 7HA 4= 24 5 583 AEiAAHIAE

1= ()
gho] A TFow off A& AAARA AL QL Alsgick, ey T o 3Qlem ke ) ofdyE
(Steward et al, 1997). 12|t} =ARYEiAlR= Q1912 o= A7) HEsb7] 98l Foll wet w9 w2 344 Bl i,
TR Ul Fo= QIRE Hol A Algat EA|GHR Fe7t B2 TANIOA AdA Q1 Tafel A Bk 5
o7 93| TA| WY B ujrf 2= 2 A 2220] JA) 1 Iti(Choi and Kwon, 2015; Sumner et al., 2018; Choi
4 27} @l Qti(Bates et al., 2011; Meineke et al., et al., 2019).
2013). 53] A AA| i AEe] 7 ARIAE 9ithe o5l L] A4 FaAT AP A W S3o] &

Bl(gonus Apis)& H N 47t UKL Qlok mAW  QUEIRIO, A% A A4S ofgS wANIn Bel-4)
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2 S50] W) EAIS) kst 4] olga} we] wa
Kolol] s} o] Bzt Aolch. F)-slolA EAI]
Falsl W} 20 B3 Qo] ) 52| At A
o, QAR Yo EAAEAG] ZHsis W) 3
7 B B4 BRIskR), w2 A 2 sk
Z|4x(NDVI; Normalized Difference Vegetation Index)2};
IS SRISITHAZmy ef al, 2016). £ EAJo] E3h
= o] T EX|ujio] wuh W= Feft Uy AAR QIgt
2RI HlolElE 88 EAlo] Sdtks WY 545
=l em(Jung ef al, 2014), 53] AAHUT SHE
(Vespa velutina nigrithorax Buysson)= 1x} H4~ {]x])7
R e 52 QeTREE, thE SAEEARL wAge
o) Q= Ao g ZRIFTKChoi et al., 2012b; Franklin
et al., 2017). E3F AW S Ay} o4 B4
Hhgsto] £ 9 o5 oI5l ST ES A8 At
7} A8 =] lcH(Ibaiez-Justicia and Loomans, 2011; Park et
al., 2016). ZLeu} o] IO BESHA BRE I3t
=L glon, EAEA W Sdsks TEo A4A 9
Sdof et 3xH S4E A% Ahe B3 Adolth

AR o8- sl EAEENAl W I91HoR 2AE 3
A =52 TR Foluh UR|of 22 - Wi 52 T 8
o] F& A= DEFARE ol8E 4= Qlol, =APEEAR] &4
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1. AT CHEX|

o
= AghFigure 1). 201549 ‘O, A5 S
T EANEAR S 7Eo 2 M= A HA o] =A
HZA 16.09%(102kr?), AFd 2 33.80%(215knr), 5
24.37%(155ki e} FEZ EA] ZE A 3 5o A
AR, AN STk W] E4S wefshy] 4]
S ARl ek =3 AR Al U opAdER] A4
A2 B3 ARl o7t2 B = )= 261712 A
o] 24 /1o, of T ofdlolyede 164714
A7t mad B AR S S1sl Song(2016)9] 7S E
= oflolael =AHA] 5 7|2 A&7k 2hEE ofdolsd
2745 A FCK(Table 1). QA 2774 ofglolg-1ef ¢
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Figure 1. Study area and survey point.
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Table 1. The vegetation and landscape structures of 27 children’s parks in Cheonan city
. ‘  Canopy cover ratio(%) )

No. Name of children’s parks Park area(m’) Green area(m’) T ST ISR(%) Shape index
1 Dujeong5(DJ5) 7,250.0 1,450.0 20 5 10 70 516.85
2 Dujeong7(DJ7) 2,895.0 1,447.5 50 10 20 50 804.33
3 Seongjeong18(SJ18) 43749 2,187.5 50 20 10 30 1,103.59
4 Backseok4(BS4) 5,239.8 1,571.9 30 10 10 70 594.05
5 Seongjeong12(SJ12) 1,882.7 941.3 50 10 10 50 1,133.91
6 Seongjeong3(SJ3) 1,653.5 330.7 20 5 5 60 1,102.28
7 Seongjeong4(SJ4) 1,654.1 827.0 50 15 25 10 1,004.39
8 Seongjeong2(SJ2) 1,652.9 826.5 50 20 10 20 991.12
9 Seongjeong13(SJ13) 2,455.1 1,227.5 50 5 5 30 803.46
10 Seongjeong14(SJ14) 2,454.6 1,227.3 50 10 20 20 803.79
11 Seongjeong15(SJ15) 2,453.0 981.2 40 5 10 50 803.08
12 Bongmyeong2(BM2) 2,454.1 981.6 40 10 5 40 795.45
13 Seongjeong8(SJ8) 1,653.2 991.9 60 10 5 40 988.64
14 Seongjeong9(SJ9) 1,002.4 801.9 80 10 5 20 1357.5
15 Seongjeong7(SJ7) 7,263.1 2,905.2 40 5 10 40 539.92
16 Budael(BD1) 1,509.0 754.5 50 10 10 20 1,006.65
17 Dujeongl(DJ1) 1,580.4 316.1 20 30 10 60 1,015.70
18 Seongjeong1(SJ1) 2,249.5 1,124.8 50 10 10 30 1,015.13
19 Seongjeong6(SJ6) 2,326.0 697.8 30 10 20 30 823.05
20 Seongjeong5(SJ5) 1,653.9 992.3 60 10 10 5 965.65
21 Budae2(BD2) 1,500.0 750.0 50 10 10 20 1,013.66
22 Dujeong8(DJ8) 7,930.1 5,551.0 70 20 20 5 444.46
23 Dujeong6(DJ6) 5,810.0 1,162.0 20 10 5 70 594.69
24 Backseok9(BS9) 3,123.0 1,249.2 30 20 25 30 821.27
25 Seongjeong10(SJ10) 1,653.6 743.8 20 30 20 20 1,019.44
26 Seongjeongl1(SJ11) 1,653.6 496.0 30 20 5 60 1,020.40
27 Bongmyeong5(SJ5) 2,455.5 859.4 40 10 5 70 792.070

Mean 2,954.9 1,236.8 42.5 12.5 11.4 37.7 884.240
S.D. 1,983.0 1,014.2 15.8 6.9 6.4 20.7 214.239

T: Tree, ST: Subtree, S: Shrub, ISR: Impervious surface ratio, Shape index: Perimeter/Area of park (m/ha)

2 AT S EAofA K
2£(genus Vespa) .2 SHYFCE

selstion, AdA 29 S48
A 7ol Al7]Q1 4d5E AE7]QL 11

E{(Hymenoptera), THIHVespidae), LHOFTHVespinae)©||
ot A AAR C® 22F0] 5 2H(Archer, 2012),
o= 103601 Esho] ERIE| ¢t National Institute
of Biological Resources, 2019). 0] & A5 7|7t B9F F£&2
EZIEAE £ W (Vespa crabro flavofasciata Cameron),
20 (Vespa analis parallela André), 5D (Vespa
mandarinia Cameron), AU H(Vespa ducalis Smith)

3} 2003ARE] Tl 3453] BES Ssha ol S
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7] & 55 ABYCh

ol Fagh WSS ofgloly W AlAE ol T
EfS AXsto] et WrHER]e £Xgt 900ml HEH
< Z83lon, HEY 9 1135 ddstil, AHEE Hit=
3toto] ARkt Figure 2). 2 1/39) Alchilofl= bl
L0129 dEl 7lo|E(nectar guide)E FEA|FFITH
(Leonard et al., 2013).

THEHo|| 2= FRAM 20%2] E3t 80%2] & =5
o S 1571 Hasto] A} o] % WHERY o]
UM 10%E AL, F7E EY =90 foldks #5712
Aazsto] 9 TGS fRIRich 159 o= 3] 9l 3]
45 ol WA e ARlom e hHse dF sl
Carpenter(1997), Kim et al.(1994), Choi(2004), Choi et
al(2013) 59| A5 arsie] Fo| Feid 75 AAIRCE

B it o

800 \

1500

750

Figure 2. Trap design for hornet (Unit : mm).

c

=<
2 Aolrls 7% 2AR ofols e A W =x] WA, ak,
5 Hlg} B vlE 59 7] Y E(Table 1)}
W Ak 27709] WHER FH S5
H
=

= oflolgoflA] T E3ol| Jeks njE Zow wtE=
I (elevation), $HEHE(canopy openness) 12]1l E=Y
14 20m2] NDVI, Aluls, EX|uE-S SRIFr: 2152 Ayt
20 & wu]i(microhabitat) o] T Hj-¢ S Hlo|
YEH AAA] Aol 2 Fke PIA)7] whizell ¥FE 20mo)
WA BAARE FEFTH Antvogel and Bonn, 2001).

THEEEE Efol Bdsks S HRkElslo] ofdoly
o) Fshe WiISo] HTsle 28] Ay AwE sl
5 912 Zlow Tk Hlole] 420 Bold Rk HAS

T MR=E

7] 9pel @0l SfEska ghe W 0 10415 1AZE 59t
NikonA}2] 10.5mm ©{QFI=(Fisheye lens)S 83 EHY =
oloflA] ti71E 42 0= FgFrt FgE 92 Cary Institute
of Ecosystem StudiesA}2] Gap Light AnalyzerE 2-8-5}¢]
HHRES FUSA sl SRAUEE S,

NDVE: §J24:0] 8- 2 WSS ol 4e] 2704
S mplel= gz F el AJAYA|So|tRouse et al., 1973).
NDVI= gRbos ARIA|AL: o, vjAMIA e 3 gks
77| wjEol(Bhandari ef al, 2012), EHY ¥4 20m H+ NDVI
£ A8l ofglo]g-dol Edsks wEgo] Aoshs A8
29 S R 4 Sk 2oR wgic) sl NDVI=
Fo187|(UAV; Unmanned Aerial Vehicles)ol] ths £5%
(Multi-spectra) 7}H|e}E F2Fs1o] 3130k sl ofu|A]
HEE Slell A3EH 71 % 100m, HIYEE 5-7mis, S35
H 80% otos MHA-Zggi o, BT Calibration target)
= T Zadslo] EAolA AR (Radiating correction)
= AASCE ted 7hl2l= PARROTARS] COMS AllA
E}RI?] SEQUOIAE &831om UAVE= DIIALY] 31H0] B
Phantom3 prog &-83It}. S5 AE+= Pix4DARS] Pix4D
mapper pro 4.2.255 3 NDVI XS AAgch

23] 7)49] TE= GARMINAL] GPSMAP 6452 £3
SAjelolon], =4 ) 20m EATEEE 20130 S
A A SR EASEARS S80j] 2 A4 0 2
of P HIA= EA 84 HIES ERIFTE EAEA =S
Bl A7ERERAY, Y, 4, AL WAL 9 W S5
22719] ol Aok WA Erate] SRIgi) nEAet
07 HpRAE Boll EFY Y AN AL} AluleS 2l
Shoick o= T, A 9wl Fo] W &
AE Al 9% TAE 571 "2l Algee d3ks =
Aoz ot

20184 4 12215 20184 119 13U747] 32227 Ht
A ofglo] g9l 277 a0l A T2 F 8187HAI7F 2 =ik
T =T S 2907141(35.4%), EE 26071AI(31.8%),
P 10070A](12.1%), A2 877)41(10.6%), &
Ao 8170A4](9.9%) <o &2 I EIcFigure 3, Circle
graph). oj&lo]F-ojA] &L FHAA 7ol o] F- of%t
W R 59 F<oNE 69U o] o] RofR|chr} B
713N 6T E 28] 27} FASH Ak £40]
QIti(Figure 3, Line graph). W42 894 o]% tjA] g
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Figure 3. Species composition of hornets at children’s parks in urban area(circle graph) and seasonal patterns of captured

hornets(line graph).

WA 7t S7I8H} 10~1145 ] 2=)7]0] ofse] wye) 2]
ZWA7F ke SISO, of= Jung er al(2014) ¥IFolA]
AR =aiRo] SRt s 1'd A} 77 S Aot
HlA Uik 18y 2 Aqts EAREAlRRE 45t A
B ggollA TG S B4 EjIgh AR XEAQ
HUE o] Fasim, ofglo]lg o]o] kA =2 F35
d B g1 Favt qlck
JmpPgId S ARk o T,
AR FHOA Aolu= Al717}
AL, HQA] 2770 oftlolg- oA 2=
23] A7} 7P i 4 SR E4o] itk dbbdow
S oH= Ho|x[e AabHolT(Polistinae)
o] f5o &, I 52 = ARSI AR Akl ofgo]
SHO] Holxkel i T FH A Zfo7} 3o Fak=
o3 Aoz siAE) ESF Kim(2019) Atol|A] ampg=
ol mAYEA W A Abgal SRlg-dola Sd9] Bt
2k 27k | A} o= A FUtt Ayt sjAE.

SejuEtold 7 Ao g el S a
(BHINE AlAtehs 59 4524714] 10mt2] We]o] A2 o
Ho| agw|qlet. ey 7971 o de] E3go] B Wl
o vlsl] 7P w8kom 8U 47ARE 10 45271 e
8] W 20| o] szgljo] ¢t 77F TA] W ofdlolEd
oflxf 7H wol 23E E4o] itk

S Farlof 7H B2 ofbd ZIS Halow, e
o] AQ EdotA] otd £97]ole Es] 2 EYo]
Ut Eg T 9 4527A] ALElo] Wlon) 1042 E
79} 50| Qlo] thE FHrh =A| 2HEoA 2]E7]7} He

= o] ERIEQtE 2 ATE EdiE e =4 8
W Falol] 7Fd B2 S8 ok Ao=® Hol, A Wf 4]
of AE & 7I730] =2 2o siEm, 53] s

il
=
=

Alefgt vrofA] trdgof] wiel] $4493f F4o] 2 Ae=
LA o] i Al7jef HEEA] ofbd 22ls S35l dE AiA

5 S0l UFoE WAE AAlsor & Aog weEr
(Schmidt et al., 1986; Choi, 2004; Yoon et al., 2015).

Ao 28] 27)5E §YU7K] 2] ZIo| o|Fol7|
A 7t 9-1090]| FFA o= rw et Ao ofgt
WO YEOA Aolut T 2 PR 40 2RSSl
Aog U4HA +=d(Matsuura and Yamane, 1984), A
AR ool ke T2 Ak 9 BILEE, 3ok, HE
Sz xeo] it BUsA AAEol stk Ea
AHQ) e SALt o e B EERAL At 31F
o F2 41}pol FhIERE BRIEo] T Aol FA
d 7k b 3 A QoA Adetie] g4 Fsds
Slalsjo] £ A0} w]iLshe Zlo] ulgialat Alow ekt

20039 FA4F G Ao Hxm FHIE ofF e &
AR RO T2 ks SHemEe Qe tilk
uRb7 IR 2 H|s2gt ABEALE ZHE=tH(Jung ef al., 2009; Park
and Jung, 2016). “Leu} 2 AtoflA] ofglolFdE dffe=
SACUe T AT, EHAN ol avlie 109
2571 A2) Zelo] HA) tor e o] it of
0] AE|7]of Hgoj= 109 3545 E] 80% o Lel=go] 2l
H SA40] ok et o® SHIIES BA] Ao 3
Bo| =2 AoZ d4A 1 2KChoi et al., 2012b), & A
ANE EHE A7 tPRI)] S A oftlol g delA=

SHSTES Wit T2 w4 o2 o s I
SHSTEY A Ao ARE FER S S0l it

[e)
A7 27t A Bt e Ao wekek wF &
golE AR EAllo] ofdlol e QHIsH olgotES

FEsl] ffsl sHTEe] AF Sk A7] B 3kl
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Figure 4. Frequency of occurrence of hornets at children’s parks in Cheonan city(see Table 1 for park site).
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Table 2. Mean environment spatial data in total parks and upper 6 parks, lower 6 parks

Lower 6 children’s parks

Upper 6 children’s parks

No. Environment variables  Total children’s parks
SJ3, SJ4, SJ6, SJ10, BS9, DJ1 SI1, SJ7, SJ12, SJ13, SJ14, DJ8
1 Elevation 50.48m 48.33m 61.00m
2 Canopy openness 15.68mol/m’/day 15.69mol/m’/day 17.68mol/m’/day
3 NDVI 0.49 0.38 0.79
4 Herbaceous cover 24% 20% 20%
Housing 25% 20% 31%
Commercial 13% 32% 0.3%
Road 13% 25% 11%
5 2 public facilities 2% 1% 0%
Farm 3% 0% 0.5%
Pasture 35% 10% 29%
Barren land 7% 0% 26%
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