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Geometric analysis of morphological variation in the wing of Apis
cerana cerana from the Qinling-Daba M ountain Areas
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Abstract [Objectives] To analyze morphological variation in Apis cerana cerana in the Qinling-Daba Mountain Regions
of Shaanxi Province in order to provide evidence for further studies on the evolution of this species. [Methods] Geometric
morphometric methods, including Principal Component Analysis, Canonical Variate Analysis and Thin-plate splines, were
used to analyze wing variation in 17 A. c. cerana populations from the Qinling-Daba Mountain Areas in Shaanxi. [Results]
Wing size of A. c. cerana was significantly different among populations and there was a significant correlation between wing
size and geographic location. The forewing shape of southern groups obviously clustered together on the positive PC1 axis,
whereas that of northern groups clustered on the negative PC1 axis. Thin-plate spline analysis showed that southern and
northern groups differ in wing shape. Significance testing for morphological differences among populations based on
Mahalanobis and Procrustes distances indicate significant differences between southern and northern groups, and between
northern and Bashan groups. However, the differences between southern and Bashan groups were distinctly smaller than those
between the other groups. The correlation between Procrustes distance and geographic distance in southern and northern

groups was positive, but there were differences in the degree of correlation. [Conclusion] A. c. cerana wing size varies
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geographically and altitude and latitude appear to be major factors affecting wing size. A. C. cerana populations from the
northern Qinling Mountains differ to a certain degree in wing shape from those from the southern Qinling Mountains and the
Daba Mountains.
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Fig.1 Thedistributed of 17 geographical populationsin this study
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Tablel The specimen collection information of 17 geographical populationsin this study

/

Geographic  Sample Collecting Latitude and  Altitude Number/

Collecting site/Feeding model

region code date longitude (m) Colony
tb /A 2015/10/03 107°46.85'E/ 1376 30/10
Northern of Taibai county, Baoji, Shaanxi Province /A 34°05.71'N
Qinling hy /A 2015/10/06 110°02.39'E/ 420 30/10
Mountain Huayin county, Weinan, Shaanxi Proviunce/A 34°51.54N
It /A 2015/10/16 109°73.36'E/ 1192 30/06
Lantian county, Xian, Shaanxi Province/A 34°21.83N
ca /A 2015/10/17 109°11.69'E/ 863 30/10
Changan district, Xian ~Shaanxi Province/A 33°98.14N
bj /A 2016/05/10 106°96.31'E/ 1105 30/10
Weibin district, Baoji, Shaanxi Province /A 34°25.01'N
b /B 2015/08/22 106°82.55'E/ 1446 30/10
Southern Liuba county, Hanzhong, Shaanxi Province/B 33°66.51'N
of Qinling ly /A 2015/08/26 105°82.21'E/ 994 30/10
Mountain Lueyang county,Hanzhong, Shaanxi Province/B 33°32.1I'N
ns /A 2015/07/22 108°54.74'E/ 1353 30/10
Ningshan county, Ankang, Shaanxi Provironce/A 33°55.97N
df /A 2015/10/13  110°61.16'E/ 636 30/10
Danfeng county, Shangluo, Shaanxi Provironce/A 33°5797TN
sy /A 2015/10/10 110°03.15'E/ 910 30/10
Shanyang county, Shangluo, Shaanxi Provironce/A 33°40.24'N
fx /B 2015/10/01 106°82.47'E/ 1319 30/10
Feng county, Baoji, Shaanxi Provironce/B 33°93.50N
nq /A 2015/08/15 105°58.08'E/ 661 30/10
Daba Ninggiang county, Hanzhong, Shaanxi Provironce/A 32°82.78N
Mountain zb /A 2015/08/19 108°01.67'E/ 785 30/10
Areas Zhenba county, Hanzhong, Shaanxi Provironce/A 32°31.54N
nz /A 2015/08/24 106°9591'E/ 523 30/10
Nanzheng county, Hanzhong, Shaanxi Provironce/A 33°08.26'N
zy /A 2015/09/11 108°44.64'E/ 892 30/10
Ziyang county, Ankang, Shaanxi Provironce/ 32°39.86'N
zp /A 2015/9/13  109°48.51'E/ 932 30/10
Zhenping county, Ankang, Shaanxi Provironce/A 31°84.96'N
pl /A 2015/09/15 109°32.06'E/ 1787 30/10
Pingli county, Ankang, Shaanxi Provironce/A 32°02.86'N

A ,B
The feeding model of different populations are expressed by A (tradition farming method) and B (movable honeycomb).

17 hy Procustes
It bj tb ca fx b ns sy Principal Component Analysis,
ly df nqg nz zy zb zp pl PCA

Morpho J
Morpho J Klingenberg, 2011 Thin-plate spline, TPS
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Fig. 2 Locations of the 20 landmarks on the forewing of honeybee workers
considered in the geometric morphometric analysis
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Fig. 3 Patterns of geographical variation in wing size
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A. Boxplot of centroid size (CS) of A. cerana in wing size across geographical populations;
B. Relationship between centroid size (mean) and longitude; C. Relationship between centroid size (mean) and latitude;
D. Relationship between centroid size (mean) and altitude. The population code is the same as table 1. The same below.
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Table2 Theresultsof the stepwiseliner regression
analysis of wing size and geogr aphic infor mation

t- P
Coefficient t-test P-value
‘# & Intercept  298.695 0.907 0.381
22J% Longitude 9.269 3.541 0.004
YR Altitude 0.038 3.404 0.005
i[5 Latitude 11.105 2.260 0.042
R=0.668 F=8.725 =3 P

=0.002

Dependent with forewing size, model: R? =0.668; F=8.725;
df=3, P=0.002.
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Fig.4 ThePCA resultsof wing shape of Apiscerana cerana
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A. The clustering results based on the UPGAM method are projected in the results of the forewing PCA
analysis and the different geographical areas are displayed with different color circles; B. The distributed of 17
geographical populations in this study; C. The variance explained by each PC.
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Fig.5 TheTPSresultsof wing shape of Apiscerana cerana
Thin plate spline analysis results are shown by deformation grids, which represents the deformations in
wing shape in extreme conditions for each PC.
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