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Digital classification of noctuid moths ( Lepidoptera: Noctuidae) base on

wings vein characteristics
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Abstract: This study was performed on noctuid moths and vein characteristics of the right forewings were
adopted to classify seven noctuid species. Firstly junctions of veins around cell wing from the seven noctuid
species were selected as landmarks by using software tpsDig2. Then procrustes superimposition was applied
to remove non-shape variation from the landmark coordinates and the distance between initial node and
each vein node was calculated as characteristic parameters. Last variance analysis and stepwise
discriminant analysis methods were used to study the feasibility validity and importance of each
characteristic parameter as classification criterions on the seven noctuid species. The results showed that
five characters were selected as the classification variables. The contribution of these variables could be
ranked as follows: ( Dis,, Dis;;) > (Dis;; Dis;s) > Disj,. Accuracies of original and the intersecting
discriminant analysis were 96. 2% and 96.2% respectively. The results indicated that vein characteristics
parameters of moth wings could be used for digital identification of moths.
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Table 1 Directory of seven noctuid species for experiment

Species

Collecting zone

(2009)

Agrotis ypsilon ( Rottemberg)

Agrotis segetum ( Schiffermiiller)

Agrotis c-nigrum ( Linnaeus)

Oraesia excavata Butler

Helicoverpa armigera ( Hiibner)

Ephesia dissimilis ( Bremer)

Baoding

Baoding

Beijing

Beijing

Baoding

Beijing

Catocala deuteronympha Staudinger Beijing

Agrotis
4
N N 30
1980;
Genus
Agrotis
Cupido minimus
o Nikolaou
Oraesia
(2013) Helicoverpa
° Ephesia
s Catocala
Plus
1.2
7 °

Noctuidae

( 2008)

Phantom v900

tpsDig2
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Fig. 1 Landmarks locations on the right forewing of
Ephesia dissimilis
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Fig.2  Distribution of veins junctions around right forewings cell from the seven noctuid species
2
2 Table 2 Results of variance analysis
F P
2.1 Characteristic parameters F value P value
SPSS 13.0 Dis , 79. 129 0. 000
F P 2, .
F Dis,, 846. 621 0. 000
Di 1002. 313 0. 000
F (6 203) =3.67 e
. Dis,s 1166. 809 0. 000
(P<0.01) . Dis,q 1167. 417 0. 000
6 7 Dis,, 269. 705 0. 000
2.2
SPSS 13.0 7 6 Disy, Dis, Dis;; Dis;s Disg  Dis; 5
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° 96.2% .
Y, = -0.073a +0. 443b +0. 242¢ +0. 456d +0. 28e¢ 5
Y, =-0.33a+0.218b -0. 913¢ +0. 461d +0. 843¢ 3
Y, =0.032a - 1. 043b + 1. 09¢ - 0. 322d +0. 266e¢
Y, =0.847a-0.511b —-0. 882¢ +1. 174d - 0. 181e 6 7
Y, =0.627a +0. 043b +0. 732¢ — 1. 068d +0. 397e o
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Table 3 Discriminant analysis results of 7 species of moths
Predicted group membership (%)
Species number 1 2 3 4 5 6 7 Total Accuracy
1 25 0 5 0 0 0 0 30 83.3
2 0 30 0 0 0 0 0 30 100
3 3 0 27 0 0 0 0 30 90
Origin;l 4 0 0 0 30 0 0 0 30 100
5 0 0 0 0 30 0 0 30 100
6 0 0 0 0 0 30 0 30 100
7 0 0 0 0 0 0 30 30 100
1 25 0 5 0 0 0 0 30 83.3
2 0 30 0 0 0 0 0 30 100
b 3 3 0 27 0 0 0 0 30 90
Cross— 4 0 0 0 30 0 0 0 30 100
validated 5 0 0 0 0 30 0 0 30 100
6 0 0 0 0 0 30 0 30 100
7 0 0 0 0 0 0 30 30 100
Doa 96. 2% 7 b 96. 2% o 1
;2 ;3 ;4 ;5 ) v 7 o Note: a 96.2% of original

grouped cases were correctly classified; b 96.2% of cross—validated grouped cases were correctly classified. 1 Agrotis c-nigrum; 2

Agrotis ypsilon, 3 Agrotis segetum; 4  Helicoverpa armigera; 5  Oraesia excavate; 6  Ephesia dissimilis; 7  Catocala

deuteronympha.
5 4 5
Table 4 Weights of 5 characters
7 4
4 Characteristic parameters
( Dis~ Dis;;) > (Disye Disg) > Index Dis,  Disy  Disy  Dis  Disyg
Dis,, o 7 (%) Weight 6.7 20 13.3 33.3  26.7

Dis, Dis,, 7
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