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Geometric mor phometric analysis of wing shape variation among
three important species of the genus Culicoides
(Diptera: Ceratopogonidae)
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(Zunyi Medical University, School of Basic Medicine, Zunyi 563000, China)

Abstract [Objectives] To assess geometric morphometric analysis of wing shape as a means of accurately identifying three
biting midges of the genus Culicoides Latreille, C. punctatus, C. pulicaris and C. newsteadi. [Methods] Various geometric
methods were used to analyze wing shape variation, including landmarks, principal component analysis, canonica variate
analysis, thin-plate splines and cluster analysis. [Results]  Significant differences in wing shape and venation were apparent
among the three species, the main differences were in the radio-median cross-vein, radial cell, and basal and distal portions of
the wing. C. punctatus and C. newsteadi were most similar in wing shape and venation. [Conclusion] Geometric
morphometricsis a useful tool for identifying interspecific relationships within the Ceratopogonidae.

Key words Culicoides, similar species, wing, geometric morphometric, morphologic variation

Culicoides Latreille

Diptera Ceratopogonidae
328
2017
Hoffmann
etal. 2009 2010 Hajdet et al. 2014
* Supported projects 81360257 (2015)40

First author E-mail 1210995898@qq.com
Corresponding author E-mail hxh19801122@163.com
Received 2017-10-25 Accepted 2017-12-07



2 : - 289 -

Canon DS 126371 Leica DM 2500
JPG

12 HRHREBEAREM AL E

TPSdig 2
Landmark
14
1 TPS tpsSmall
Villemantet et al. 2007 Bubliyet et al. 2008
2015 2016 2017 Generalized procrustes
3 analysis, GPA
Culicoides punctatus Culicoides
pulicaris Culicoides newsteadi
1.3 NLAESESH
Morpho J
Principal component analysis, PCA
1 M-*gl_ 5 ﬁ;ﬁ Canonical variate analysis CVA
11 HH 5
C. punctatus Thi n-plate spline, TPS 2
C. pulicaris C. newsteadi
52
Ci1-c21 CVA M ahal anobis
H1-H17 X1-X14 distance Procrustes distance
Arc M R
el4 i
'.'_1 3 -
el2
250 um

Cu

1 B 14 D HbAR S R ARk
Fig. 1 Distribution of landmarks and veins on wing of Culicoides

Arc M M1 M2 R R-M rl r2 1 2
Cu, Cul, Cu2

Arc: Arculus; M, M1, M2: Medial and branches; R: Radial; R-M: Radial-median crossvein;
rl, r2: First and second radial; Cu, Cul, Cu2: Cubital and branches.
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Fig. 2 Thewing of three biting midges

A. C. punctatus B. C. pulicaris C. C. newsteadi.
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Fig. 3 The hypopygium of three biting midges

A. C. punctatus B. C. pulicaris C. C. newsteadi.
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Tablel Thefirst two principal components of the shape variation of wing of three biting midges
% %
Principle component Eigenvalue Variance (%) Cumulative variance (%)
1 0.000 327 21 34.578 34.578
2 0.000 143 89 15.206 49.783
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Fig. 4 The scatter plotsof PC1 and PC2 for wing and outline variation of three biting midges
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Table2 Shape difference of wing of three biting midges based on the Mahalanobis distance/ Procr ustes
distance and significant test (based on 10 000 per mutation rounds)

C. punctatus C. pulicaris C. newsteadi C. punctatus
Mahalanobis Procrustes
C.pulicaris  3.712 9 (<0.000 1) 0.028 7 (<0.000 1) 0.029 9 (<0.000 1)
C. newsteadi 3.281 3 (<0.000 1) 4,501 3 (<0.000 1) 0.0127 (0.043 9)
2 P 2 5 0.03 3
3 2

P<0.05
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C. punctatus
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Fig. 5 Phenetic tree of the studied populations of wing
of three biting midges based on the Procrustes distance

C. pulicaris C. newsteadi
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