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Geometric analysis of mor phological variation between different
body color biotypes of Halyomorpha halys
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Abstract [Aim] To use geometric morphometry to determine whether there are differences in morphology between the
different color biotypes of Halyomorpha halys adults. [Methods] A flatbed scanner (Microtek MRS-9600TFU2L) was used
to capture images of the pronotum, forewing, and hindwing of adult H. halys. Data on landmarks and semi-landmarks were
obtained by digitizing these and using the draw curves function in tpsDig2. After Procrustes fit in Morphol, centroid size and
Procrustes coordinates were calculated and imported into SPSS for estimating size variation. After collating the data from

different body-color types and genders, shape variation was analyzed using MorphoJ software. Finally, regression was
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performed on the procrustes coordinates and centroid size. The residuals were used to assess differences in shape independent
of size, and for a cross-validation test. [Results] Dark and light-colored biotypes differed significantly in the size of the
pronotum (Piandmark=0.005, Psemi-tandmark=0.003) and hindwings (Piandmark=0.045) of females and in the pronotum (Pjadmark=0.042)
of males. There was also significant sexual size dimorphism in the pronotum (Piight-color<0.050, Puark-color<0.001), forewings
(Pdark-color=0.020) and hindwings (Pyoth color<0.050) within the same biotype. There was sexual dimorphism in the shape of the
pronotum (P<0.050)in the dark-colored biotype. Cross-validation indicated that 90% of males and 80% of females were
correctly classified. Female morphology differed significantly between biotypes (P<0.050). Landmarks and semi-landmarks on
the pronotum correctly classified > 90% of specimens, whereas those from the forewings correctly classified > 76%. When
biotype and sex were analyzed as independent factors, cross-validation of pronotum data indicated that > 90% of all females
had been correctly classified. Data from forewing landmarks correctly classified 100% of females, and 91.67% of males from
the dark-color biotype. Controlling for allometric effects further improved the results, except for hindwing data. [Conclusion]

Geometric morphometrics can be used to determine the relationship between body-color biotype and local morphological
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variation in H. halys, which, in turn, can be used to analyze sexual dimorphism in size and shape in this species.

Key words Halyomorpha halys; body color; morphological variation; landmarks; semi-landmarks
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Bl FHBREGERE
Fig. 1 Different body-color biotypes of Halyomorpha halys
A REMENE; B EMENE; C REMENE; D RO,
A. Light-color biotype female; B. Light-color biotype male; C. Dark-color biotype female; D. Dark-color biotype male.
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Fig. 2 Locations of landmarks and semi-landmarks from pronotum and
wings of Halyomorpha halys adults
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D. B 10 MRicsi; E. 58 19 MRidsi. LM: ARicsi; SLM: Bhricsi. &3 [,
A. Pronotum with 150 SLM; B. Pronotum with 16 LM; C. Forewing with 60 SLM;
D. Forewing with 10 LM; E. Hindwing with 19 LM. LM: Landmarks; SLM: Semi-landmarks. The same for Fig. 3.
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Fig. 4

Transformation grids of the shape changes and scatter plot of canonical variate scores for

pronotum landmar ks of Halyomorpha halys adults

A, MRV 15 B MRS R 25 C B R HURIEL.
A. Canonical variate 1; B. Canonical variate 2; C. Scatter plot from canonical variate scores.

R5 FBEMARAINEWIMCRABTESNER

Table5 Resultsof canonical variate analysis with data of pronotum landmarks of Halyomorpha halys adults

T OMEE TR RO &
Dark-color female Dark-color male Light-color female Light-color male
MY Dark-color female 0.021 7*** 0.029 g*** 0.022 3%*
B AA I Dark-color male 4.443 4xx* 0.018 8*** 0.014 3*
MR Light-color female 4.580 4%** 2.756 4%* 0.018 4%
A6 Light-color male 5.474 THE* 2.6333 3.156 6*

227 FKMBATHAREXERD R
RUAR S AT A5 SR R0, TR B X AR B AR 1E A A
B, CV1 Fl CV2 43l AR 1) 66.111%F1
23.653%, Zit ik 89.764%. MK 12 AJLIF H,

A CMEYE SR, LA SO AN TR 44 €2 ] 347 B
S E, AL R AR R [ E AR 5 07 1) 1
ARRBREWE S N — A8 AR A& AT
DIE, “Phmic s 7E B I X s A AL TE AR 22 1k
WK, BAERRIERTBREIX G N AL, 16
HI 2k MM BA W ol o ox L, HAA PIFh
TR PR B 9 25 SR B 3% (P<0.01), [T
BB 5.495 3 (3R 9 )0 A& LEREHADN 43 B 22 HH
A5 R Ab P 5 A A 0 E B R AN (A
72.41% ) (& 13 ),

23 REEKHFMW

A E AN R AR LTI AR . BTSRRI
SRR, S A K AR AR S Y T (B 4351 A
4.692 8%, 1.899 9%FN1 6.138 5%, H: MM

(P=0.000 2) A% (P<0.000 1) #ric sk
FEAFR G AR 25, M P=0.1359)
ZRARE, PhOC AW ENR D 2R
(P<0.000 1), [F]—fA& AN [ M50 E] b S A &
5 | A AR S U B3 LA 2.623 2%-6.314 5%,

Hrr, JaRFiHEHR (P=0.013 8) Fl5#
(P=0.046 9 ), REBIFIHGER (P=0.0416) 7F
AFEEREA B 25, PR ARG, RaR
LR EES (P>0.05), KFric SR



- 220 - L L HL 244 Chinese Journal of Applied Entomology 62 &
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76.67%
(23/30)
AR
73.33% Dark-color 50.00%
(22/30) male (15/30)

56.25%
(19/16)

80.00%
(24/30)

GREMERE
Dark-color female .
O
Light-color  93.75%
male (15/16)

MR
83.33% Light-color
(25/30) female

66.67%
(20/30)

62.50%
(10/16)

Bl 5 BURERARC AR SR A R & A 8 Y HE P40 06 TE R
Fig. 5 Percentage of correctly classified specimens with data from pronotum landmarks
of Halyomorpha halys adultsin all treatments

55 P R O B 2R AR A B, A BCIER 2R . 18 7. 18 9, 1 11 FIA 13 AT .
Data in brackets mean the correctly classified specimens to total specimens. The percentages represent the proportion of
classification. The same for Fig. 7, Fig. 9, Fig. 11 and Fig. 13.
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Bl Light-color biotype male
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Fig. 6 Transformation grids of the shape changes and scatter plot of canonical variate scores for
forewing landmarks of Halyomorpha halys adults
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A. Canonical variate 1; B. Canonical variate 2; C. Scatter plot from canonical variate scores.
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x6 FABEHHIMANRCABRARTENTER
Table6 Resultsof canonical variate analysis of forewing landmarks of Halyomorpha halys adults

TR TR & M RO
Dark-color female Dark-color male  Light-color female  Light-color male
TR Dark-color female 0.015 0** 0.014 6** 0.013 7*
WO HEYE Dark-color male 2.707 8%** 0.007 1 0.009 7
O MEYE Light-color female 2.753 6*%* 1.959 9* 0.007 5
A MEPE Light-color male 2.956 0** 2.455 0** 1.304 5
70.83%
(17/24)
Bt
62.50% Dark-color 91.67%
(15/24) male (22124)

78.57%
(11/14)

53.85%
(14/26)

BREHErE

0 Dark-color female B
Light-color Light-color
76.92% female male 78.57%

(20/26) (11/14)

50.00%
(7/14)

4231%
(11/26)

B 7 BRAFRE R RORERRE R R BB R HE R ER R
Fig. 7 Percentage of correctly classified specimenswith data from forewing landmarks of
Halyomorpha halys adultsin all treatments
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Fig. 8 Transformation grids of the shape changes and scatter plot of canonical variate
scores for hindwing landmarks of Halyomorpha halys adults
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Table7 Results of canonical variate analysis of hindwing landmarks of Halyomorpha halys adults
TR R HENE & e ey
Dark-color female Dark-color male Light-color female Light-color male
B MEYE Dark-color female 0.023 6** 0.024 4% 0.037 9***
B EYE Dark-color male 3.7497 0.017 5* 0.025 0**
H O MEPE Light-color female 4,683 1*+** 4.358 6* 0.025 2%*
(@l Light-color male 5.3554 4.8475 3.9854
47.62%
(10/21)

70.83%
(17/24)

R
79.17% Light-color
( 19/2 4) female

66.67%
(14/21)

Dark-color female

&9

58.33%
(14/24)

WREMENE

Dark-color

male

RN

42.86%
(9/21)

75.00%
(9/12)

BN
Light-color 5, 00%
male (6/12)

25.00%
(3/12)

JEBIRE AR BIE R R BB PSR IE E R

Fig. 9 Percentage of correctly classified specimenswith data from pronotum landmarks of
Halyomorpha halys adultsin all treatments
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Fig. 10 Transformation grids of the shape changes and scatter plot of canonical variate scoresfor pronotum
semi-landmarks of Halyomorpha halys adults
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®8 FBMEMHAIMERFIRCRARTESTER
Table8 Results of canonical variate analysiswith data of pronotum semi-landmakrs of Halyomorpha halys adults

e R o e et He o b
Dark-color female Dark-color male Light-color female Light-color male

R ME: Dark-color female 0.015 2% 0.023 3** 0.024 5**

B EYE Dark-color male 5.297 6 0.027 1%** 0.012 7

H O MEPE Light-color female 5.068 2 5.1390 0.032 S

@i Light-color male 6.352 2 48458 5.6720

73.33%
(22/30)
TR
Dark-color
male

73.33%
(22/30)

63.33%
(19/30)

79.31%
(23/29)

62.50%
(10/16)

TR
VR 0k Dark-color female AR
Light-color Light-color
female male 100.00%
(16/16)

79.31%
(23/29)

89.66%
(26/29)

75.00%
(12/16)

11 BURE IR FARE AR EE SRR A R & A0 28 h Y HE 54 06 TE il K
Fig. 11 Percentage of correctly classified specimens with data from pronotum semi-landmarks
of Halyomorpha halys adultsin all treatments
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Fig. 12 Transformation grids of the shape changes and scatter plot of canonical
variate scores for forewing semi-landmarks of Halyomorpha halys adults
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RO FUBBEFMICAMKARTENTER
Table9 Results of canonical variate analysis of forewing semi-landmarks of Halyomorpha halys adults

TR AP TR RO e
Dark-color female Dark-color male Light-color female Light-color male

AP Dark-color female 0.023 3%** 0.008 4 0.014 0
VA ME Dark-color male 9.491 6 0.016 1** 0.011 4
M Light-color female 10.078 9 6.609 3 0.008 5
i Light-color male 10.4305 5.495 3** 6.614 4

55.17%

(16/29)

BRI
Dark-color
male

62.07% 62.07%

(18/29)

72.41%
(21/29)

(18/29)

53.33%
(8/15)

TR EMENE

Dark-color female

TREMEHE Bt
58.62% Light-color Light-color 26.67%
(17/29)  female male  (4/15)

68.97%
(20/29)

40.00%
(6/15)

B 13 Ar#FRIE R REFTBER BB P HSIRIEER
Fig. 13 Percentage of correctly classified specimens with data from forewing
semi-landmar ks of Halyomorpha halys adultsin all treatments

P SR, HPARIC )™ A I IRTE 2 bR S
AR INER A, XHHEREREAS () 51 IE A 5 2 R

3 HFHit5ig

AT T A WA KM R T R
2 ITHATIR AR  ARAS R AAAE 75% 1Y S BEHE
H, TR AL FRIT, JUHOE XA AR T2
mF, DSBS RN T, 2R
KAFRAAE AR L, X B A7 7 A R 2
S B A2 AT AN X BRI AR AR 21T HEBR ( Nattero
etal., 2017 ) o FEXTASHIEAN [RFR A7 iE 4 7 A LR
o HE X Rl S A B s L e 45 A S e , £k
AR AT R A, R PR AR S BT AR B

A 25, XWEZIEF RS e AR KT
R A BEAFE L2 A A KT FR P ( Chang et al.,
2007 ) , LABAAERIRZE

AR, FEXT RN AR B JLART 23 Fr vh
et A [R]85 B 1) 21 b 12 A 7 3 7T B 43 3 BUAN [
(23 HT 45 5 (Shui et al., 2023 ) , {HIHELEHE;
(A R 78 4 b AN ] P 0 A4 X s S P A7 1)
( Howell et al., 2022; Manriquez and Escobar-
Ramirez, 2023; Tey et al., 2024 ) . AHF5T XS
S8 e T AR AT AR D LA T A SRR KRl
SO, MCEARIC AR R R T, BT AR AL
AN TR A B e A5 7 S AR A (], S ke S T Al
BT REAEAE A B [R]85
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W KTE B Aoy 2 A AL, AR
AR TUART I 265 2 5 15 Ik e i 1y ot 6 g 4
2% CEWTEE, 2023) , (HFEARDFSE P & AT
Ui TR kS A, TEIE B kA S A 2
VEPRIB ko, IR BIRRIC S AR S —
I, SR FHRERRIC 7 X AR X AR B R A 7
T,

W AT, AT LIRSS (1) ANF
A €0, 255 S s M A T R A R 8 RN T T 2
S, AR RO N E S B E . [
— AN [ 30 ) M T R L R AR S
D25 52 535 o (2)) VR (AR AR A0 0 o e 1) 7
JE AL AEAE S 3 TR IR AR Ak, 28 SCH 51 E A %
H3 R E] 90%F1 80% , (Hf I bRic i3 7 ik ANRE
PE 1R IR 258 o P 25 s A AN R R € S TR ] ply B
TC MR IR A7 2 A8k, ) i R A
TR AR F 00 IE B 2 03 SR I 90% 1 76% .
(3 ) AN [ R AR Ry 4 S AL B T 23 AT B
BT AR T % NS G A A TR b P P AR S B B, 38
S IE 0 3 43 B b R £ 0 I R R K T
90%. FIEHFRIC A I T H 5 AU R 19 K NVFTE
AR, DR ME I 5 A b BRI SR 0 2 25 5
2& S UE F) ) € HE M OE R Rk #
100%, WREHEMR SR 91.67%, (4) FHAK
Xt SRR A R R AR, Bk A
K, BRJG#ARIC ASIE R AE A 50 7% 0 R A5 3 0%
WEREREAS B IE 8 R A RSN, HAR A AR R
FERIHR R, AE R AR T A5 A A T R ) 1
BT
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