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Morphometric Analysis of Wing Variation of Lantern Fly,
Lycorma delicatula from Northeast Asia

Hyojoong Kim*
Department of Biology, Kunsan National University, Gunsan 573-701, Republic of Korea

Abstract: Morphometric analysis of Lycorma delicatula was performed to confirm whether local individuals had a geographical difference
in their wing variations. The L. delicatula individuals were collected from 10 localities in Korea, China, and Japan, and 14 morphometric
characteristics selected from the forewing were analyzed. The Korean individuals were similar to the ones from the northern area of the
Yangtze River, but less similar to the others from the southern area of the Yangtze River. The individuals from Seoul and Buan were
very similar to those from Shanghai. In case of wing spots, the individuals from Beijing had relatively small spots, while the ones from
Linan had big spots. The Japanese individuals had a relatively large wing size.
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of| A A4 7h5gt QEEU-S AlAFeFATH Lee et al., 2011). -
Holli= A=E 7]20] WokH SHAA L e} Holglo

The Korean Society of Applied Entomology (KSAE) retains the exclusive copyright to reproduce and distribute for all KSAE publications.
The journal follows an open access policy.




U 557} ARl elol b4 g 47 ualsto] sl S
Ak

mous gHe) FRAN AE 4 7] Hlset 5
Shanxi, Shandong, Hebei X|¥o]] H-327]Z-0] Q131 Z=- U] o] A]
% o]So] A BRaol A o Eahris 7]
QItHLiu, 1939). =312008 897 U o] Kagax|®
K] 7ol )7} 3 A ol4F thke. e Aol
SRRIHE o] %, 2 AtollA Y& FX] £ARE 53l Ishikawa 2]
Hakusanoj| 4] th=9] 7§41 & A5} o] 52 Z|A] s

213, opxjo} xelo] 2 Hwle] gl Zujv]o] $4
X )8 vlwsl7] $Ial v]=RE 2o} 531421 ND2NADH
dehydrogenase subunit 2), ND6(NADH dehydrogenase subunit
6) F71MBE AESto] T, S, Ut 1870 ke A8t
of ABSH W 02 )T BAR AT} F PEIY(Vangize
River) o]'g Hth= o]&- X< Q] Beijing, Qingdao, Shanghai 2
o u] ZNA7F et A A2 o] Ao A BAke] Afe) 7t gl 5
GZ1A& (haplotype) 0.2 HH = th(Kim et al., in press). ]
£ Bolx] Tofn] Al a5 Fmrg ol Ajefo
B iz dubEx] ekgke7t 4%l JItKim et al., in
press). Zoll= Zajju] Xghof 501291 g A|(microsatellite)
= 7idste] Hop HEgh A4 24 A5E A3 Fofl ek
(Kim et al., 2011).
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of| =] ek T G227 o5 A %(Beijing, Shanghai, Qingdao,
Yentai) ¥} &F27} o]'d X Y(Tiantai, Linana), $+=Seoul, Buan,
Yecheon) 3+ 1 (Tapan)©] 107 252 41A5Ho] o] gk
AEi7F ot Eufjn] S AEste] AlSS it ol &
B Zu)5RTi(Table 1). 22 10712 51 1074414, 212
ZF2070A1 S Aubslo] 2200714 2] Q1% P E HEO
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), 22.8 x 14.9 mm / 1S012800)2} # == EF 100 mm F2.8L
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Zoio] = A=

5 g7l tiet FEjAIS S At 2 WS 25l A
7 H(wing vein) i} FH i ES R4S A
(Monteiro et al., 1997). T3k, Zulg|of| A d7|Me] Zo)7} &
A1 Zatet A HaAZE sleel $re X vE It Moraes et
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Fig. 1. Measurement of the morphometric characteristics of the left forewing of L. delicatula. (A) Wing venations and three points for
making lines. (B) Triangle with three lines A, B, and C and line L as the longest length of the wing.

Table 1. The collection list for Lycorma delicatula. CN, China; KR, Korea; JP, Japan.* Japanese individuals were collected from Hakusan,

Ishikawa Prefecture

No. Locality Collection date Female Male GPS-N GPS-E

1 Beijing, CN 2010-07-05 10 10 39.54.16.8 116.24.29.5

2 Shanghai, CN 2010-09-04 10 10 31.37.23.4 121.23.50.2

3 Qingdao, CN 2011-08-15 10 10 36.19.21.6 120.23.36.9

4 Yantai, CN 2011-08-16 10 10 36.56.59.5 121.30.28.8

5 Tiantai, CN 2010-09-06 10 10 39.07.15.1 117.12.54.1

6 Linan, CN 2010-09-07 10 10 30.14.01.9 119.43.29.0

7 Seoul, KR 2010-06-28 10 10 37.33.42.6 126.56.39.3

8 Buan, KR 2010-08-20 10 10 35.40.36.9 126.44.24.8

9 Yecheon, KR 2010-08-06 10 10 36.39.56.0 128.31.12.0

10 Japan, JP* 2010-09-15 10 10 36.35.40.8 136.37.32.1
radius veino] Z-Ehx|i= 1" divergenceE 2™ point, anal E 3o Aot HAle Aty o, G SRS A0l
anterior vein¥} anal posterior vein2] jointS 3" point 2 2] 3} T3t Ao o= JLal= AR o] Aol WA oA A|QElT, T
ok 1 point@} 2" pointE Oz A4, 2" point@} 3 pointS O & 7ke] AAS Wi HY A o] F2] el A|ejsin, oA
£ BA, 3% point@} Ist pointE Sl CAH 247ke) Lol A, Fofol Egahe] A2/ Al WA g At
3l 22| 5-2l(Heron's formula) & ©]-851o1 A, B, C2 &2 {44l 5 A3t 3 A2 T O] §lol & Kk A s] THastr] ¢

A7) A e 4) Zollo] R hRot 1S
Tk Gl 7)1 Fo A A ZSk= costal vein} 1% radius vein
Abo)E 1719 0 2 1% radius veinT} claval folde}2] Alo] S 2L

o0& claval fold 0]5}2 3790 & Urai(Fig. 1) 2F ¢

3 mhelE|olc). 5) el 4ol W) Baghe TRk ol
of e, Ro] whel, Aulo] whek, x| o] njel zizte]
o] 7o} A o] B ghe R BE 43 vl2]u]El(mm)
= 249,
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X(multivariate analy51s of variance,
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02 W) 1) 28, R oA Sl
irk Tk SAHEA A 49§ gl R0 R Lehd
S AT A 219 4 or

A(principle component analysis, PCA)S

- =2y y
‘C‘l“/‘é"_'r‘

stk 7]
o A4S 912 2S4S AAlslo] 2 Setold] 29
o] 7};}3 50| WS AR AR 3717 @002 X, Y,
75S 4451tk Ak SigmaPlot (Systat Software, Inc.
Chlcago, IL, USA)2 ARg5}o] 3x 18] © 2 Lpepiich

Z it

=0H0| ‘274 el miEe| xjo| AHY

$A A QL AJES SHHRI o R Tz PEjAI S g
=52 500 2 YEste] o A (multivariate test)S
AR A} Z47o) ek 7F F-o0gt ol 7t QS-S & = UL
CH(Table 2). A} 3] AeHdE =olal @A jISIE E0l7] 9
sho] A 2o 7} 2F 2| o] Zufju] o J7f| e sl of] Thols)
A dobi 7] ffsf FEAhEAlE AAISHITE 4 Al A
sHFe s X5 AR gt SRS AGSHA] o
chAw A7 grol HISsHA| vhgkam, ojuf) Aot dE & A=

oju] ) Fef sl Bl 7 ol sk EAGTHS A
H O = ot ko] zfo| 7} FEHX|=A] doli7] 9|5
NA-7F &3} A& (tests for between-subjects effects)= A A| 5}
3tk oluf xlefol gt Aol Adle] Zojel 1520
1] 4, 270 FL] 71, AJlof ciig Aol Al 170
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1, 1 S AE|(cluster) F= 2 S AE oyt 257

7S A
e e Ao R BAste] o tieh T4 9 Aol & #d
SHtHFig. 2). 1¥1 S| AF ol F4 9 Batol 7 22 4t
< 285, 2% SRfaEe 7MY 2 e Atk a4l Hid
4 2y LA 4o, BAl dol, ABCHZE HA|(LL, LB,
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BRGS 2 A0 Uty w3k, Beijing &2, 37-¢09] 4
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225FS eIt E3E Buane Tiantaite 717k Ao &2
Ueh} o]5 79 7ho] Wopiole] SAS Welr). w3l #

Y o2 93} FejA 2lolE BT Yecheon Qingdao,
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Table 2. statistical results of multivariate tests. Design: Location, Gender, Location x Gender

Effect Value F Hypothesis df Error df Significance
Pillai's Trace 2.681 5.304 126.000 1575.000 0.000
Location Wilks' Lambda 0.024 6.459 126.000 1290.087 0.000
Hotelling's Trace 5.758 7.551 126.000 1487.000 0.000
Roy's Largest Root 2.496 31.198° 14.000 175.000 0.000
Pillai's Trace 0.866 76.964° 14.000 167.000 0.000
Wilks' Lambda 0.134 76.964° 14.000 167.000 0.000
Gender Hotelling's Trace 6.452 76.964° 14.000 167.000 0.000
Roy's Largest Root 6.452 76.964° 14.000 167.000 0.000
Pillai's Trace 1.744 3.004 126.000 1575.000 0.076
Location Wilks' Lambda 0.123 3.237 126.000 1290.087 0.076
x Gender Hotelling's Trace 2.588 3.394 126.000 1487.000 0.077
Roy's Largest Root 0.878 10.980° 14.000 175.000 0.000

®' Exact statistic

b The statistic is an upper bound on F that yields a lower bound on the significance level.

Table 3. statistical results of tests for between-subjects effects

Source Dependent Variable df Mean Square F Significance

Length L 9 23.734 30.264 0.000

Length A 9 4.847 8.089 0.285

Length B 9 2.137 22.678 0.015

Length C 9 3.270 11.159 0.019

Area ABC 9 125.222 16.656 0.044

Length spot region 1 9 0.070 5.873 0.008

. Area spot region 1 9 0.075 7.377 0.001
Location .

Length spot region 2 9 0.136 9.643 0.000

Area spot region 2 9 0.132 11.498 0.000

Length spot region 3 9 0.096 6.368 0.009

Area spot region 3 9 0.061 6.739 0.007

Number spot region 1 9 5.511 3.533 0.150

Number spot region 2 9 16.178 3.969 0.055

Number spot region 3 9 11.664 7.093 0.003

Length L 1 545.176 695.178 0.000

Length A 1 91.488 152.680 0.000

Length B 1 47.894 508.225 0.000

Length C 1 112.006 382.196 0.000

Area ABC 1 3432.302 456.536 0.000

Length spot region 1 1 1.975 165.466 0.000

Area spot region 1 1 1.897 187.867 0.000
Gender .

Length spot region 2 1 2.586 183.453 0.000

Area spot region 2 1 3.133 272.874 0.000

Length spot region 3 1 0.525 34.824 0.000

Area spot region 3 1 0.456 50.782 0.000

Number spot region 1 1 1.280 0.821 0.645

Number spot region 2 1 3.920 0.962 0.878

Number spot region 3 1 14.580 8.866 0.097
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Beijing, CN

Shanghai, CN

Qingdao, CN

Yantai, CN
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Japan, JP

cluster 1&2 cluster 1

cluster 2

Fig. 2. A diagram of clusters of homogeneous subsets from post hoc tests. LL: Length L, LB: Length B, LC: Length C, AABC: Area ABC, LSR1:
Length spot region 1, ASR1: Area spot region 1, LSR2: Length spot region 2, ASR2: Area spot region 2, LSR: Length spot region 3, ASR: Area

spot region 3, and NSR: Number spot region 3.

PCA plot

Beijing
Qingdao
Yecheon
Seoul
Tiantai
Yantai
Shanghai
Buan
Linan
Japan

[ JORON X JOXoX ReX J

Fig. 3. A plot of the principle component analysis using the first three components (X, Y, 2).
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7 o] §20 0.2 3jo]7} 913 0] 2|2}l Befjing, Qingdao,
Shanghai Zulju] 7] 2} 5 U5t =H|(Kim et al., in press), ©]
= We 23] Aol ol A ARk 2 5= Sl viop 2
o] ZRA7F -2 Q) A ] mite] ofs) E7) Feje] sfdol &
22 4= QT oF227) 0] E(Beijing, Yantai, Qingdao, Shanghai)
I F27F o] H(Tiantai, Linan) o] 2|21 2] 2|2 Qlsto] FEf4
AJo]7} LR 4 QS-& NS 4 Sk, Solgt How 9
Ay 714 B229] Beijing T} 2 A Y A Y2l Japan 2] HEfA A}
o7k et Aoltk ol A A AL §9H wE
(genetic drift) = FHl 2] o] 220 95| t}2 Ho|E 7}4]
Al EEA] AaE a7} 9t Yecheon 2] 74-9-= Seoul .
o} Qingdao 53} FejH o2 o F7ker] ozi0] 5
(multiple introduction)o]] 2J3t 2fo]&2 Pt ZQIR| 7} 3
ol Baslrh. 2, o) AT AT A Fefa 2l afelo]
A2 491 A A TR Aglo] ek 7} 7 x| e
£l &‘Eﬁﬁlzﬂ ROl A= FEISHA] AL HE gt oA
IAEAE =58l e A st Aoz Helk

20004%] ﬁ‘j} ol Zfu]o] )% $3l 0% EE 357} 59|
afalh Bt walstol Palo] SBEgith AEs 1)
s Zol7] Slal Al w23 71221 Azt @A) 53] w7}
ol FAE e, oA frAI5H7] fiske] Zvliw|ef AAlw:
Wz o) el A K14 9) Zelat 2feto] Bagh Algo]ck
du oM A E = 71 7, R S
5o 279 49lo] Brlmshu 6] Ea wehs W)
317] 91l M5 Sojrleke Ajeksfof 3 Bat ek

o]% §la) kel 3] ARl TEsh 7] 4ol Wastch
ol Ayske] 71 Tt el HHe S HA1E 712 sl 2]
o, ejuko.® ol kel 4= iz A} akisiche o
=9 Zl"f‘7H?<ﬂ°ﬂ EH?FH %\_ AP o] 7l~o—ﬂ74°lﬂr tlEo]

o2 Attt

100710630).0.523] 2| Lo} 3|l 50, 5
t@% 9ol mgg = Aot EEAEERtATA U}

AR ool ol Al Ak e Ut
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