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Geometric morphometric analysis of wing shape variation in five
Oxya spp. grasshoppers
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Abstract [Objectives] To conduct a quantitative study of wing shape variation in 5 grasshopper species of the genus Oxya.
[Methods] Geometric morphometric methods, including landmarks, centroid size, principal component analysis, and
thin-plate spline, were used to analyze wing shape variation. [Results] Wing size and wing shape were significantly different
among the 5 Oxya species, and the similarity of the fore and hind wing between different species is consistent with the
phylogenetic relationships between them. The variable areas of the fore wing were the Precostal area, Costal area and Anal
area, and the variable areas of the hind-wing were the subcostal area, costal area and jugal area. [Conclusion] Wing shape
variation in Oxya species can be used can be used as taxonomic characters.
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Oxya chinensis (Thunberg ) 75 1
Oxya intricate (Stal)
2003 DNA RAPD Sony
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Table 1 The specimens of the grasshopper genus Oxya used in this study

()
. L Sample size . .
Species Scientific name individuals Collecting site
. . Chang’an district, Xi’an,
Oxya chinensis (Thunberg ) 12 Shaanxi Province
Oxya adentata Will. 16 Zhouzhi county, Xi'an

Shaanxi Province
. . Mianxian county, Hanzhong,

Oxya japonica (Thunberg) 15 Shaanxi Province
. . Chenggu county, Hanzhong,

Oxya agavisa Tsai 16 Shaanxi Province
Oxya intricate (Stal) 16 Chenggu county, Hanzhong,

Shaanxi Province
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Fig.1 13 landmarks on the fore wing of Oxya spp.
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C: Costa: Sc: Subcosta; R: Radius; M: Media; Cu: Cubitus; CuA:

Cubitus anterior ; CuP: Cubitus posterior. The same below.
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Fig. 2 10 landmarks on the hind wing of Oxya spp.

A J
A: Anal vein; J: Jugal vein.

1.3 SHito4m
1.3.1 BXNELSH GPA

Centroid size,

CS 77 CS
SPSS
One-way ANOVA
5
CS 3

4

132 BEEESTEUSH
Morphol
(Principal component analysis, PCA)
3
5 6
Morphol Thin-plate spline,
TPS
3 5

6
2 ER5HH
2.1 BRKPDELRDH

3 4
5
F=33.381, P=0.000<0.001
LSD CS
3
CS
F=33.394, P<0.001
LSD CS



2 : - 359 -

@ 1.600 .
@ 8 0400 a b % @
7
O .= i
% 0.200 .
fn(af; 0.000- %

on
ﬂ--g -0.800 -

(]

E -0.600

ANFEEE ILREEE EARIE HAREE  PAeREE

O.intricata 0O.agavisa O.adentata O.japonica O.chinensis

3 FEIEERTE CSEXNME

Fig. 3 Oxya Serville centroid size of fore wing

P <0.001 4

The same letters in the picture indicate no significant difference , different letters indicate extremely significant
difference ( P <0.001 ). The same with Fig.4.
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Fig. 4 Oxya Serville centroid size of hind wing
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Table 2 The first three principal components of the shape variation of fore wing of five Oxya spp.

% %
Principle component Eigenvalue Variance % Cumulative variance %
1 0.000689 53.192 53.192
2 0.000199 15.377 68.569
3 0.00012 9.279 77.848

R3S MIEREEIATRAE 3 NERS

Table 3 The first three principal components of the shape variation of fore wing of five Oxya spp.

% %
Principle component Eigenvalue Variance % Cumulative variance %
1 0.001122 38.550 38.550
2 0.000714 24.525 63.075
3 0.000438 15.045 78.120

o HAKEME O. japonica
o [1FHI8 O. agavisa
o TLikFEIE O. adentata
o /NFEYR O. intricata
le HrAERBIE O. chinensis
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Fig. 5 The scatter plots of PC1 and PC2, PC3 for fore wing and outline variation of five Oxya species

PC1: 1 PC2: 2 PC3: 3
PC1: Principle componentl; PC2: Principle component2; PC3: Principle component3. The same below.
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Fig. 6 The scatter plots of PC1 and PC2, PC3 for hind wing and outline variation of five Oxya species
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