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Application of wings vein characteristics on mathematics
identification of noctuid moths (Lepidoptera:Noctuidae)

CAl Xiao-na', HUANG Da-zhuang®* , SHEN Zui-rui®** , GAO Ling-wang®
(1. Department of Basic Courses, Agricultural University of Hebei, Baoding 071000, China;
2. College of Landscape and Travel, Agricultural University of Hebei, Baoding 071000, China;
3. College of Agronomy and Biotechnology/IPMist Laboratory, China Agricultural University, Beijing 100193, China)

Abstract This study was performed on six noctuid species and vein characteristics of the right forewings were adopted
to classify moths. Junctions of veins around cell wing from the six noctuid species were selected as landmarks by using
software tpsDig2. Procrustes superimposition was applied to remove non-shape variation from the landmark
coordinates,and the distance between adjacent vein nodes was calculated as characteristic parameters. And, variance
analysis and stepwise discriminant analysis methods were used to study the feasibility, reliability and importance of
each characteristic parameter as classification criterions on the six noctuid species. The results showed that seven
characters were selected as the classification variables. The contribution of these variables could be ranked as follows:
(disgy »disy;y ) > disy > (disys » disi, ) > (disys » disss ) . Accuracies of original and the intersecting discriminant analysis
were 99.4% and 99.4% respectively. The results indicated that vein characteristics of moth wings could be used to
identify moths.
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Identification in Systematics: Theory, Approaches
and Applications) , o A~ 24 T DAISY ., ABIS
I SPIDA 3 M4 fF &R 5. Prieto %5 F] I JE 25
HER O, X SRR T 8 H O R R Cupido
minimus Hl C. carswelli $E47 0 F R M #F58., T+
R4 e TPMist 52 50 % ok f B 204 J% 3L B
BAAIE & T WK R SR A 8l U3 R4 Bugvisuxl. 0
1 BugShapel. 0™, 3 Ji F it 1 3 4 4 2 3 H
AR 5 R 43 B RN 2 Kok B E Y 0N L i 7L
S AT T T, BRIGZ AN BKTE D4R R
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Fig. 1 Landmarks locations on the right

forewing of C. dissimilis
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FHEN 7 ASRRAE S B O I 06 S8 Dk 145 A IR 25 500 it
000 BAR g bR o 1.2 MRS  disy, s bRid A4
2.3 MBS R disys s FRic X 3.4 BYBE By disy s Amid
ROAS BYPRE R diss s FRiC sl 5.6 MUFRE N disss s
PRic sl 6.7 MEE B R dise s hRic il 7.1 BB R
disq o
1.3 HiESH

BRI 3BTRS T AR AE S HUR T
Br, FIWT X 7 DS EEAE 6 R ik Fp 2K | 2 & AR 2
2R (P<0.05), JF PRk th 22 7 W 35 M RRIE S 8K
FT 50 3 #r

FA TN 53 AT SRR A HER SR AE 43 S E 1 %
PR AR B —IF 5% 0 G2 114 2% ol R A A 1) J31) HC 26 A
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2.1 HESH

FIF SPSS 13. 0 4%} 7 TURRE S 50 47 7 2%
M ASE FEAM P (E. nE 1 s, 4R ERF
25 E AR E F(5,174) = 4. 36, BV [A] b 1
I B AN TR bR A (8] B S R AE S 8O R B B 3 2% 57
AN R PP R0 0 45 S R AE S B0 AT i B 3 22 7 (P <<
0.001),
2.2 FRSH

I 2 A 050 43 i % 6 Fh R gk iy 7 S5 AR AE S 5k
PEAT BT G5 SRR 7 WURRAE S 80 6 Fh ik 1) 43
H U R A B R X B A 7 TR AE 2 50 T
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Table 1 Results of variance analysis
FHE 23 F i P i
Characteristic parameters F value P value
disy, 74.598 0. 000
disgs 159.793 0. 000
diss, 658. 321 0. 000
dis,s 80. 727 0. 000
disse 49.421 0. 000
disgr 696. 820 0. 000
disy 320. 299 0. 000

T 6 RS ST . B BT X IX 7 TRRAE 2
B T 5 A b o AL A S pR R A R

Y, = 2. 383a+ 2. 696b+ 0. 754c + 0. 348d +
0.704e+2. 668+ 1. 923¢

Y,=0. 58la+ 0. 724b — 0. 645¢ — 0. 301d —
0.173e—0.031{40. 641¢

Y,=—0.573a—0. 037b+0. 392c+ 0. 509d —
0.204e—0. 372{40. 306g

Y,=—0.536a—0. 148b—0. 568c+0. 541d+
0.167e+0. 46f+0. 31¢g

Y;=0. 752a+ 0. 102b + 0. 063c + 0. 603d —
0.147e—0. 356f{—0. 379¢g

(a=dis;» s b=diss; sc=dis;, sd=dis;; se=diss »
f=diss; ,g=dis;)

531 53 B A 300 M A ) 1) R KR8 R A A AN 5 22 B
BRANE 2 s, N3k 2 thal & AT 2 /> p o e A0 )
SPREC Y1 AN Y2 B 2T 99. 700, dEA]
733 6 ARk B B (L 2), NI 2 AT ) 6 Fil
AN R T 73 S0 SR AR 3R B T AL I 0 28 ROR .

&2 BBV R RFEE S E R

Table 2 Eigenvalues and variance contribution from canonical discriminant functions

Bt G (1 I TR % BT % SR
Function Eigenvalue Variance Cumulative Canonical correlation
1 508. 683 94.5 94.5 0.999
2 28. 145 5.2 99.7 0.983
3 0. 818 0.2 99.8 0.671
4 0.496 0.1 99.9 0.576
5 0. 317 0.1 100. 0 0.491
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Canonical Discriminant Functions
%ﬁ] Agrotis ypsilon
Species 10 F %/
INFHILE Agrotis c-nigrum ;0
NP Agrotis ypsilon 5| Agrotis segeibm <

WL KPS Agrotis segetum
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Fig.2 Results of discriminant analysis
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Table 3 Discriminant analysis results of 6 species of moths

2R B G F T

=¥ It B =y 2y
fitbs %ﬁ] % Predicted group membership B I
Indx Species Number Total Accuracy
1 2 3 4 5 6
JRURY N HLRE TR 1 30 0 0 0 0 0 30 100
Original Agrotis c-nigrum
MEER 2 0 30 0 0 0 0 30 100
Agrotis ypsilon
BB R 3 1 0 29 0 0 0 30 96.7
Agrotis segetum ’ o
i £ 4 0 0 0 30 0 0 30 100
Helicoverpa armigera ’ )
i P 5 0 0 0 0 30 0 30 100
Oraesia excavata
BROLAE POk 6 0 0 0 0 0 30 30 100
Catocala dissimilis
LS NFHER 1 30 0 0 0 0 0 30 100
Cross-validated Agrotis c-nigrum
/
]\iﬂj‘%ﬁ . 2 0 30 0 0 0 0 30 100
Agrotis ypsilon
BB R 3 1 0 29 0 0 0 30 96.7
Agrotis segetum
A
m%%fﬂa . 4 0 0 0 30 0 0 30 100
Helicover pa armigera
15 W i B 5 0 0 0 0 30 0 30 100
Oraesia excavata
Ny s N
PR 6 0 0 0 0 0 30 30 100

Catocala dissimilis
H O R HEBIR 99. 4% # AT T IEF M2, QX a8 LIIF 41 WY 99. 4 X 1T T IEH 42K,

Note:(D99. 4% of original grouped cases were correctly classified; @99. 4% of cross-validated grouped cases were correctly classified.
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Table 4 Weights of 7 characters

Ei=X i HIF 231 Characteristic parameters
Index dis;y disys diss, dis,s disse disgr dis;,
W/ Y% Weight 10.71 14. 29 17. 86 7.14 3.57 25.00 21.43
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