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Morphological analysis of the forewings of eighteen species of
noctuids ( Lepidoptera: Noctuoidea ) based on relative warp analysis
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(1. School of Statistics and Data Science, Hebei Finance University, Baoding 071000, China;
2. College of Agronomy, Xinyang Agricultural and Forestry University, Xinyang 464000, China)

Abstract [Aim] To evaluate the potential for the digital classification of 18 species of noctuid moths based on geometric,
morphological characteristics of their forewings. [Methods] Initially, Procrustes superimposition analysis was employed to
eliminate the influence of non-shape factors, thereby obtaining distribution maps of landmark points for each species of
noctuid. Subsequently, one-way ANOVA was used to verify the variability of the landmark point data. Relative twist analysis
was then used to analyze the geometric morphology of the moth wings, and relative twist matrices were obtained as parameters
for the identification and classification of each species. Principal component analysis was utilized to analyze morphological
differences among moth wings. Finally, discriminant analysis was employed to construct a classification function and identify
test samples. [Results] Procrustes superimposition analysis visually demonstrated the distribution of landmark points after
superimposition for each species of noctuid. Relative twist analysis facilitated the visualization of interspecific differences
among species. The twist plots revealed subtle differences in the wing morphology of the 18 noctuid species, and revealed
longitudinal differences in the intersection points of the elbow veins Cu,, Cu,, and the hind vein 2A, with the outer edge of the
wing among the same species. The accuracy of the discriminant results for the test samples was 91.11%. [Conclusion]

Relative twist analysis not only effectively revealed differences and similarities in the forewing morphology of noctuid moths,
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but also serves as a parameter indicator for digital classification, providing a richer basis for automated insect classification.

Key words noctuid; moth wings; relative warp analysis; geometric morphology
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Table 1 18 noctuid species for experiment | 2= 9
G . 4 3
J& Genus 2 Species é{: ; v/ .6'°5 10
11
AREIKAIKIE Sarcopolia Ak KA IK Sarcopolia illoba 1’2
FRIISE Chrysorithrum % KA Chrysorithrum amata 1 3'
W5 2R SR Oraesia BT K Oraesia excavata 14
15
FEPZ M5 Trachea LIRBER UK Trachea melanospila .
FE Mk Trachea atriplicis B 1 EREaaimRa s mE
YR Pyrrhia YTk Pyrrhia umbra Fig.1 Landmarks lOC&:lthllS on the right wing of
Pyrrhia umbra
JGR MRS Trisuloides HBE G R Trisuloides c-album

BNEERIK Catocala columbina
BREEWIK Catocala dissimilis
BHER Mk Catocala deuteronympha

HIRW)E Catocala

THERIK Catocala nymphaeoides
fEHER Mk Catocala patala

W Wk 8 Agrotis IINHL TE Agrotis ipsilon
T PR Agrotis segetum
INTFHE R Agrotis c-nigrum

BB Helicoverpa R4 ML Helicoverpa armigera

P& Mythimna SCIER . Mythimna turca

UK )& Pseudaletia FARMK Pseudaletia pallidicosta
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Fig. 2 Procrustes superposition diagram of landmarks on the right wing from 30 samples of Pyrrhia umbra

A. FATIR 30 MREAR B HbAR SRS R B, JATRIR 30 MERAR A HBR A0 i I
A. Scatter plot of landmarks for 30 samples of P. umbra; B. Vector plot of landmarks for 30 samples of P. umbra.
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Fig.3 Two dimensional distribution map of average
configuration data of 15 landmarks of 18 species of
noctuids in shape space

1: PG R Trisuloides c-album ;2 : )\ F-Hu ¥ [§ Agrotis
c-nigrum; 3: B§FERIK Catocala patala; 4: RSICHFERIK
Catocala columbina; 5: BBINAR K Trachea melanospila;
6: ZILRFIRBMK Sarcopolia illoba; 7: HMMFEE Agrotis
segetum; 8: BRI Chrysorithrum amata; 9: BRER
% Catocala dissimilis; 10: ¥4 i Helicoverpa armigera;
11: Bk Trachea atriplicis; 12: ZWETFRIK Oraesia
excavata; 13: TR Catocala nymphaeoides; 14: .
HIIK Catocala deuteronympha; 15: INHB TR Agrotis
ipsilon; 16: YW W Pyrrhia umbra; 17 JGIE R K
Mythimna turca; 18: ZP{Wk Pseudaletia pallidicosta. ¥
5 [d], The same for Fig.5.

30 DFERGE, HAEIEA ERA R T 96.98%
PIERAE S, Wk 2. Hps—F s (PCL)
i 87.79%, B _F WS> (PC2) i 9.19%, Hi
AN E AT LR RS 18 R ik £ g L bk s
R EEER,

F2 B B Aar B R AR AT R AN R
X A AR O R B, T DU R SRR AR i X
RO B o 55 AR A R AT R R L 3,



4 11 SNBSS TR AT+ /A (SR E . Ao R BTRIE A - 1015 -

4 18 FhELIKA BRI A XS #h

Fig. 4 Deformation grids of the right forewing of 18 species of noctuids

A. ARG, Trisuloides c-album; B. )\F-HLHE Agrotis c-nigrum; C. ESEBIM Catocala patala; D. R0 R
Catocala columbina; B. SR Trachea melanospila; F. LIK5ERIIK Sarcopolia illoba; G. TEHLHEFE Agrotis segetum;
H. &0k Chrysorithrum amata; 1. BRIE Catocala dissimilis; J. FasH Helicoverpa armigera; K. FE& % Trachea
atriplicis; L. SWETER Oraesia excavata; M. TR Catocala nymphaeoides; N. BEERM Catocala deuteronympha;
0. /N2 Agrotis ipsilon; P. AT Pyrrhia umbra; Q. YCIEWR Ik Mythimna turca; R. BER{WK Pseudaletia pallidicosta.

B A B9 %7 1-15 [A]El 1, Numbers 1-15 are same as Fig. 1.
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Table 2 Eigenvalues, cumulative of the first and second principal components
F s FHIEE T ETTIRE (%) ZIt TR (%)
Principal component Eigenvalues Variance contribution rate (%) Cumulative contribution rate (%)
1 26.337 1 87.790 3 87.790 3
2 2.7575 9.191 8 96.982 0
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Table 3 Matrix of the second principal components

SR Sefii;ifr}iiﬁ?i;al AL Seizglfrfifi}pal SR Seii;iajrfﬁz)al
Landmarks component Landmarks component Landmarks component
x1 -0.21 x6 -0.18 x11 - 0.07
vl -0.16 6 - 0.07 yll 0.37
x2 -0.22 x7 -0.27 x12 - 0.05
y2 - 0.09 v -0.17 y12 0.45
x3 -0.22 x8 -0.11 x13 -0.03
»3 -0.04 »8 0.25 »13 0.59
x4 -0.18 x9 - 0.09 x14 - 0.02
»4 - 0.05 »9 0.28 vl4 0.77
x5 -0.17 x10 -0.08 x15 0.00
¥5 - 0.06 »10 0.31 »15 091
12 BRGHSH T F RSN TS bR AT FEL, AR 18 Bl
R 15 bR S EAT B E2ER (P<0.01),
221 HEBMIRRERMESN A tpsRelw B g R SR T EEUY 15 AR

PR G N5 Y 18 Pl ik B2 L 540 MREA T
P00, 15218 bR SN A Sy HiR2E
SR S, ANER 4 PR AR ROAE A B AR S
EH s =18, n=540, FHHMAALNKX (1), iHHE
FRENSAHBR S50 FAEDLER 4. il 4 F ok
W, EBEHEKFa=0055a=001T, F i
DK Foos(9,290 )=1.88 Fl Fyo(9,290)=2.41,
b3 4 AIHITE = 0.05 5 o = 0.01 g MK

M EAEAS [ Rk (0] 2 AT 22 5100, [RIR Ry ) 2
STERAL T S

222 HIZISH X 18 ik 360 NREAKIAH
X HH R B A 0 S0 A3, A5 00 R R Y R
SRR, WL 5. FEE S nTAIET 4 B R e
REMS RN 2 F 10 86.51%, Mk, Hy 4 4
FRuEfb Lm0 R g, T 18 PRIk 9532511
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Fig. 5 Distribution of 18 different species of Noctuidae
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0.07x5; —0.18x,, —0.01x,5 4+ 0.05x,4 —0.07x,;
y3 =-0.03x; +0.69x, +0.89x; —0.18x, +0.47x5 +
0.49x +0.22x; —0.01x5 +0.02x +0.11x,5 +
0.28x; +0.12x, —0.18x5 —0.29x, +0.15x5 —
0.09x,5 —0.14x,; —0.06x;5 —0.12x9 —0.02x, —
0.04x,; —0.1x,, —0.04x,3 +0.1x,, —0.07x,5 —0.163,;
y4 =—0.03x; +0.23x, +0.05x; + 0.02x, —
0.52x5 —0.06x5 —0.27x5 +0.49x¢ +
0.37x9 +0.8x)y —0.81x;; +0.44x,, —
0.3x;3 +0.14x;4, —0.16x;5 — 0.31x;5 +
0.17x7 +0.14x;9 +0.06x,, + 0.01x,, —
0.07xy, —0.02x,; —0.08x,, +
0.06x,5 —0.01xy0

Forbtx ORI,y R
AHIB B

FUFIFRIARHG 180 AP sk BE A< 30 1 i
AT, FIHIZERIH 6, ik 6 W,

R4 BERFESWER

Table 4 Results of one-way variance analysis

HobR A BN T5 1 Sa w2 I Sp F{H P1E
Landmarks Efficacy sum of square Error sum of square F-value P-value
1 0.001 62 0.000 04 1191.272 06 0.000
2 0.000 13 0.000 03 129.218 51 0.000
3 0.000 23 0.000 03 210.470 98 0.000
4 0.000 14 0.000 01 639.698 05 0.000
5 0.000 15 0.000 01 851.546 03 0.000
6 0.000 18 0.000 01 699.961 63 0.000
7 0.000 23 0.000 02 347.724 20 0.000
8 0.000 11 0.000 32 10.237 57 0.000
9 0.000 06 0.000 11 17.508 79 0.000
10 0.000 03 0.000 03 25.913 58 0.000
11 0.000 01 0.000 01 50.167 36 0.000
12 0.000 02 0.000 03 15.607 71 0.000
13 0.000 02 0.000 07 10.468 51 0.000
14 0.000 11 0.000 12 25.919 69 0.000
15 0.000 14 0.000 08 50.546 95 0.000
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Table S The eigenvalues and contribution rates of discriminant functions

F 5] bR K FHIEH T ZETTHRAR (%) IR (%)
Discriminant function Eigenvalue  Variance contribution rate (%) Cumulative contribution rate (%)

F11 5 pR %Y 1 Discriminant function 1 34.66 56.54 56.54

J 5] AL 2 Discriminant function 2 9.89 16.13 72.67

J 5] %X 3 Discriminant function 3 5.57 9.09 81.76

J 5| AL 4 Discriminant function 4 291 4.75 86.51

£6 HERER
Table 6 Classification results
fii Species IEHE R =yl IEFIA (%)
Correct number Wrong number Total Correct rate (%)

FBE5 R Wk Trisuloides c-album 9 1 10 90
JNFHZ R Agrotis c-nigrum 10 0 10 100
[ 5 k Catocala patala 10 0 10 100
RN M Catocala columbina 5 5 10 50
PRINRER MK Trachea melanospila 10 0 10 100
LIRE IR Wk Sarcopolia illoba 10 0 10 100
T Hi-E FE Agrotis segetum 10 0 10 100
BRI Chrysorithrum amata 7 3 10 70
MRk Catocala dissimilis 9 1 10 90
48 . Helicoverpa armigera 10 0 10 100
FEZ 1% Trachea atriplicis 8 2 10 20
B WEW IR Mk Oraesia excavata 10 0 10 100
THRIW, Catocala nymphaeoides 9 1 10 90
Wk Catocala deuteronympha 10 0 10 100
/NHLZE TR Agrotis ipsilon 10 0 10 100
YAk Pyrrhia umbra 8 2 10 20
YCHER WK Mythimna turca 10 0 10 100
SN Wk Pseudaletia pallidicosta 9 1 10 90

b I A e ) TR AR L, HE P RS O S AR ik
Catocala columbina BiRFIMEER Z, A 4k
RECRER M RE RF AR, 1 SR i A%
M Helicoverpa armigera. WARAEAS ) 5 1E
B 91.11%, b nT LLA H ARG b R B R
B L B S RS BUE FTA T

3 FitHitit

AT FE M P E 2 0 0 A X B 4R ok A
SBEEATAR B, JHBR TREAS A L R/NEE
YN U 52 N ES SN U o P )RR 90 )

T I REATEAR (4 43 B FIECF R 00 B9 5 T IR S A
fifl o AL LMY, AR B A R AR BE
g e — A IL[R B A bR R GE T AT BRI 34T, (]
I ZRIBC T BRI PR3 R R | e P )
B, BV 7R T BRI AR b 3 (9 70415 B Ml
BT IR DL, ik TGRSR AR AR
PR T BRI 22 57 0 7 i 22 1]

AR £ i A i JL A T 250 = v g — o
HETTk o AR 2 A 2 T LR 2 0 2 v Y
—PHEEIT I, BRI R IR 2 S ek
FLWE L, TR REAS T4 2L 58 70 M 07 14 vl g
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