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Phenotypic diversity of Anoplophora glabripennis (M otschulsky)
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Abstract [Objectives] To quantify phenotypic variation in the Asian long-horned beetle (ALB), Anoplophora glabripennis
(Motschulsky), a widely distributed wood-borer in China, which morphological and molecular research indicates is probably
synonymous with 4. nobilis (Ganglbauer). [M ethods] Phenotypic variation in 13 phenotypic traits in 20 natural ALB populations was
studied and analyzed using ANOVA and hierarchical cluster analysis. [Results] There were significant differences in all 13 traits
among populations and among individuals within populations. The main source of phenotypic variation was that within populations,
the mean coefficient of phenotypic differentiation (V) was 11.78 %. Posterior wing length was negatively correlated with longitude,
positively correlated with altitude, and negatively correlated with annual precipitation. Vg for elytra color between different
geographic populations reached the maximum value of 50.53%. However, classification based on elytra color greatly reduced Vy
between two types. [Conclusion] This study was the first to apply digital quantification of elytra color to coleopteran classification, an
approach that drastically reduced the apparent coefficient of phenotypic variation between groups. This indicates that phenotypic
differences between groups classified on the basis of elytra color are less than those caused by geographical isolation. Pending further

validation, ALB and 4. nobilis are probably different types of the same species.
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Tablel Sample collection and geographical climate factors

©) ©) (m) Mean anslua)l Maximlgm) Mini mtfm) (mm)
Province Site Host Longitude Latitude Altitude Annual
temperature temperature temperature

precipitation

Henan Sanmerxia 1 111.2 34.6 815 13.3 30.0 -54 735

Shanxi Yuncheng 1 110.9 35.1 391 154 32.7 -39 681

Hebei 1 114.2 38.6 13.9 32.2 -75 565

Shijiazhuang 253

Baoding 1 1155 389 22 145 334 - 6.6 609

Inner 1 107.4 40.7 1039 9.9 31.2 -123 194
mogolia Bayannaoer

Alxa 2 105.7 38.8 1572 9.5 30.3 -11.7 267

Tongliao 1 122.3 43.6 178 84 294 - 16.0 575

Ningxia Yinchuan 1 106.1 38.5 1112 10.9 30.9 -10.1 246

Guyuan 2 106.2 36.1 1772 10.9 30.9 -10.1 246

Pengyang 4 106.6 35.6 1565 10.7 28.3 -7.0 673

Y anchi 3 107.4 37.8 1352 10.2 30.0 -10.2 366

Qingtongia 1 105.9 37.9 1179 11.0 311 -10.0 260

Pingluo 1 106.5 389 1335 104 32.7 -116 173

Shaanxi Yangling 1 108.1 34.3 471 16.2 333 -10 759

Gansu Wuwei 1 102.6 37.9 1535 4.9 21.6 -14.9 578

Zhangye 3 100.6 389 1483 9.7 31.2 -13.2 178

Jiuquan 4 98.5 39.8 1452 9.9 31.0 -11.8 107

Jilin Changchun 5 125.3 43.9 221 75 29.3 -18.0 786

Sinkiang Korla 4 85.7 41.7 898 138 35.7 -9.0 64

Beijing Beijing 1 116.4 39.6 42 104 32.7 -116 173

1-5
Numbers 1 to 5 of the host column represents Salix babylonica, Salix matsudana var. matsudana, Salix matsudana Koidz,
Populus alba L. var. pyramidalis Bunge and Acer saccharum Marsh.
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Fig. 1 Diagram of Phenotypic traits (after Lingafelter
and Hoebeke, 2002)
A. Head length (HL); B. Head width (HW);
C. Prothorax length (PL); D. 20.74%
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Posterior wing length (PWL).
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Table2 Variance analysisof phenotypic charactersamong populations and within population in Anoplophora glabripennis

Mean square F  Fvaue
Characters
Among populations Within population Random errors  Among popul ations Within population

Head HL 13.6543 3.0334 0.0306 4.5010** 98.9980* *
HW 5.0292 1.5499 0.0207 3.2450** 74.7660* *
/ 0.2559 0.0304 0.0022 8.4050** 14.0010**

HL/HW
Thorax PW 15.3576 3.5186 0.0453 4.3650** 77.6760**
PL 71.8469 2.1053 0.0193 34.1260** 109.0870* *

/
% X % X
PW/PL 4.1628 0.1318 0.0046 31.5840 28.4210

Abdomen EHW 13.9794 4.0383 0.0615 3.4620** 65.7090* *
EL 76.2650 18.1729 0.2682 4.1970** 67.7500* *
PWL 127.1239 28.4561 0.4326 4.4670** 65.7830* *

/
* % % X

EL/EHW 0.1234 0.0212 0.0057 5.8200 3.7140
cos 57 043.7683 3351.9192 31.4179 17.0180** 106.6880* *
BL 133.0392 32.1328 0.5797 4.1400** 55.4310**
Overal length /
0.0262 0.0093 0.0026 2.8080** 3.5410**
BL/EL
*x P<0.01 ** indicates extremely significant difference (P<0.01).
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Table3 Variance component and differentiation coefficients of phenotypic characters among
and within populationsin Anoplophora glabripennis

Variance component Percentage of variance component (%)
H Differentiation
Characters coefficient of
Among Within - .
. . Individual i phenotypic
populations  population 2 AmoQg W'th'.n Individual traits (%)
5 5 I populations  population
Oys Os
Head HL 0.221 1.001 0.031 17.660 79.890 2.450 4.648
HW 0.072 0.510 0.021 12.020 84.540 3.440 1.954
/ 0.005 0.009 0.002 28.820 57.830 13.340 23.585
HL/HW
Thorax PW 0.247 1.158 0.045 17.010 79.860 3.120 4.352
PL 1.453 4.695 0.019 23.561 76.131 0.308 8.741
/
PW/PL 0.084 0.242 0.005 25.378 73.112 1511 10.753
Abdomen EL 1.210 5.968 0.268 16.250 80.150 3.540 3.948
PWL 2.056 9.341 0.433 17.380 78.970 3.660 4.621
EHW 0.207 1.326 0.061 12.990 83.150 3.870 2.379
/
EL/EHW 0.002 0.005 0.006 16.380 39.720 43.910 13.793
COS 1118580 1106.834 31.418 49.560 49.040 1.390 50.528
BL 2.102 10.518 0.580 15.930 79.680 4.390 3.841
Overall length /
0.001 0.002 0.003 16.670 33.330 50.490 20.000
BL/EL
Mean 20.739 68.877 10.417 11.780
6
27
2010
50.53%

1.96%~23.59%

2001
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Table4 Variable coefficient of quantitative traits for Anoplophora glabripennis population
Characters
Site HL HW PW EHW PL EL BL PWL COS Mean
Henan 12.28 14.01 13.62 12.61 19.88 1292 12.63 18.96 3.81 13.11
Sanmenxia
Shanxi Yuncheng 18.16 13.83 13.28 14.30 11.85 1346 1357 1228 21.10 12.04
Hebei 1560 11.90 11.67 10.05 1152 1176 9.48 1201 4.92 9.77
Shijiazhuang
Baoding 16.35 12.22 16.24 15.88 15.65 14.18 13.64 14.06 5.18 11.65
13.35 14.33 14.26 12.09 13.66 12.07 11.28 11.46 12.28 10.99
Inner Bayannaoer
mogolia Alxa 1516 11.87 1251 1116 1221 1200 1158 11.64 1125  10.47
Tongliao 17.47 16.05 16.11 16.07 2725 16.02 16.25 11.74 18.18 14.67
Ningxia Yinchuan 15.57 14.69 16.16 15.43 18.00 1535 14.03 1420 16.10 12.79
Guyuan 16.86 12.01 13.53 12.12 13.73 13.35 12.13 11.84 29.55 12.48
Pengyang 13.36 15.04 13.77 12.48 14.05 1147 11.02 11.83 25.83 12.03
Y anchi 1096 10.21 9.21 9.92 12.03 9.27 880 14.44 22.12 10.14
Qingtongxia 12.62 11.03 10.61 9.60 11.99 953 778 816 18.83 9.73
Pingluo 1232 13.23 11.46 11.62 3185 11.08 10.60 11.47 5.27 11.66
Shaanxi Yangling 10.54 8.28 9.13 9.19 9.40 7.72 934 12.69 14.51 9.43
Gansu Wuwei 9.48 9.74 9.92 8.77 11.92 9.11 9.17 9.59 28.57 9.80
Zhangye 10.89 8.76 10.61 7.36 13.23 795 723 6.98 1473 9.09
Juguan 1241 14.65 14.93 13.01 1759 1290 12.36 13.24 27.07 12.77
Jilin Changchun14.25 12.29 11.08 11.71 16.13  11.23 11.49 13.48 17.34 11.28
Sinkiang Korla 13.16 14.46 14.77 12.76 1451 13.05 13.14 11.94 18.79 12.13
Beijing Beijing 1559 12.49 13.09 12.62 12.07 12.25 11.14 1450 4.23 10.04
Mean 13.73 1257 12.69 11.92 1532 11.84 11.28 12.10 15.52 11.24
32 HIESIEEFRES LR
1999

16

1999

Hartl and Clark 1989
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Table5 Correlation analysis between traits and geographical climatic factors
©) ©) (m) (C) (C) (C) (mm)
Characters ) . . Mean annua Maximum  Minimum Annual
Longitude Latitude Altitude S
temperature temperature temperature precipitation
Head HL -0.34 -0.12 0.31 - 0.09 -0.13 - 0.03 - 0.40
S fE4% 51 HW -0.38 - 0.07 0.37 -0.14 -0.26 - 0.05 -0.30
PN =E Wil B B B B B
ALHW 0.08 0.07 0.06 0.01 0.07 0.02 0.24
Thorax PL 0.24 -0.27 -033 0.41 0.13 0.37 0.27
HiH& B PW -0.23 -0.23 0.32 - 0.08 -0.29 0.04 -0.18
o e s
L UL RS P 031 040  -005 -0.24 - 044" - 036
PW/PL
EHW -0.31 -0.21 0.31 - 0.03 -0.23 0.07 -0.18
Abdomen K EL -035 -024 041  -010 - 027 0.04 -0.23
S PWL -056" -0.06 066" -0.35 - 0.30 - 021 - 046
185 B ) ) B B B
0.14 0.11 0.31 0.17 0.16 0.05 0.15
EL/EHW
BRIPF A COS  0.26 001 -045 0.35 0.41 0.22 0.18
¥ BL -0.37 -0.20 0.49" -0.18 -0.36 - 0.02 -0.22
Overall
length / BL/EL  0.00 0.16 0.13 -0.21 -0.22 -0.20 0.12
% P<0.01 * P<0.05

** indicates extremely significant difference (P<0.01) * indicates significant difference(P<0.05).
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Fig.4 Thecolor group composition of 20 geographic populations
1 2~5 6
Numbers 1 to 6 represent white type (1), transitional type (2-5), yellow type(6), respectively.
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Table 6 Variance analysis of phenotypic characters among different color groupsin Anoplophora glabripennis

Variance component Percentage of variance component (%)
o Differentiation
Characters . coefficient of
Among Within o .
. . Individual Fthi phenotypic
populations - population ) Among - WIthin - vidual  traits (%)
2 2 o, populations population
Oys Os
Head HL 0.058 1.164 0.031 4.620 92.930 2.450 0.248
HW 0.004 0.576 0.021 0.680 95.870 3.450 0.005
/ 0.001 0.014 0.002 2.870 83.670 13.460 0.508
HL/HW
ThoraXPW 0.009 1.386 0.045 0.640 96.220 3.150 0.004
PL 0.426 1.727 0.019 19.610 79.500 0.890 5.736
/
PW/PL 0.023 0.103 0.005 17.470 78.990 3.540 4.750
EL 0.274 6.896 0.268 3.680 92.710 3.610 0.158
Abdomen PWL 0.544 10.850 0.433 4.600 91.740 3.660 0.251
EHW  0.028 1.500 0.061 1.730 94.400 3.870 0.035
/
EL/EHW 0.001 0.007 0.006 5.070 51.060 43.860 2.000
Overall BL 0.360 12.225 0.580 2.730 92.870 4.400 0.087
length /
0.000 0.002 0.003 2.230 47.310 50.460 0.249
BL/EL

Mean 5.494 83.106 11.400 1.169
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Table7 Themean value and standard deviation of six color groupsin Anoplophora glabripennis
Groups 5 3 4 5 6
Characters
HL 6.79+1.06 6.76+0.93 7.18+1.04 7.14+1.07 7.37+1.26 7.42+1.14
Head HW 5.39+0.70 5.48+0.77 5.66+0.79 5.65+0.84 5.66+0.78 5.67+0.72
/ HL/HW 1.26+0.14 1.24+0.12 1.27+0.11 1.27+0.10 1.30+0.15 1.31+0.13
PL 435+0.80 5.28+146 6.12+198 522+157 4.46+0.73 4.55+0.80
Thorax PW 8.08+1.10 8.12+1.09 856+1.22 831+1.30 832+125 844+1.15
EHW 0.18+1.12 9.24+1.20 9.73+1.28 0.63+1.34 065:1.36 9.62+1.13
/ PW/PL 1.88+0.24 162+0.36 152+0.44 169+0.40 1.88+0.21 1.88+0.24
EL 10.53+2.40 19.61+2.55 20.62+2.68 20.44+2.96 20.66+2.76 21.12+2.58
Abdomen PWL 24124312 23.81+3.07 25.14+4.00 25.34+3.44 2528+3.46 26.14+2.81
/ 213+0.12 2.13+0.10 2124012 2.12+0.10 2.15+0.12 2.20+0.10
EL/EHW
BL 27.30+3.15 27.66+3.37 28.69+3.44 28.80+4.01 20.06+3.92 29.08+3.38
Overall length BL/EL 1.40+0.07 1.41#0.07 140+0.07 1.41+0.09 141+007 1.38+0.05
2011
2012
33 REWFHHISH
1975 2013
1980
1996 2007

1989b
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