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Abstract

Six main indexes of external morphology of 20 Apis cerana populations in China were described. The findings showed that
there were significant differences (p < 0.05 and p < 0.01) among 6 characteristics in 20 populations in China, indicating that the
genetic diversity of these 20 Apis cerana populations was abundant. The findings showed that significant differences (p < 0.01)
existed in the length, width and area of the anterior wing - in the length of the proboscis and the length of terga 3 and 4; there was
no difference between the cubital vein indexes and other characteristics (p > 0.05), indicating that the cubital vein index was an
independent morphological feature. The principal component analysis (PCA) of the 6 main indexes of external morphological
features and the 8 ecological features of the 20 populations showed that the difference among the morphological features was as a
result of 7 principal components including both morphological and ecological features. The contribution rate of these two features
was 89.386%. Thus, not only the morphological features but also the ecological features should be considered in principal
component analysis.
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Table 1. Collecting data of 21 populations of Apis cerana cerana sampled from China

Population Code Collecting date  Collecting locality Geoiizi; tlj(tijude colililenslz:r?;‘le d
Diqing DQ 2007-09-10 Diqing, Yunnan 27°40 " N, 33
99°55° E
Wuding WD 2007-06-21 Wuding, Yunnan 25°50 " N, 50
102°15° E
Xishuangbanna XS 2007-09-13 Xishuangbanna, 21°6 " N, 30
Yunnan 100°07 " E
A-ba AB 2008-08-12 Maerkang, 31°28 " N, 41
Sichuan 101°50 " E
Beijing BJ 2007-07-12 Fangshan, Beijing 39°56 " N, 33
116°20 " E
Tiansui TS 2007-08-09 Maijishan, Gansu 34°4° N, 59
106°0° E
Conghua CH 2007-08-12 Conghua, 23°57° N, 30
Guangdong 113°55 " E
Nanning NL 2007-08-10 Nanning, Guangxi 22°50 " N, 32
118°11° E
Hainan HN 2007-09-01 Haikou, Hainan 20°03 " N, 53
110°35" E
Fengxian LF 2007-05-10 Linfeng, Hunan 29°28 " N, 31
111°36 " E
Changbaishan CB 2007-08-10 Dunhua, Jilin 41°55° N, 30
127°55° E
Xincheng XC 2008-07-11 Xingcheng, 40°34 " N, 30
Liaoning 120°44° E
Qingling QL 2008-04-09 Baoji, Shanxi 34°35° N, 30
107°42° E
Tibet XZ 2008-6-23 Bomi, Tibet 24°59° N, 30
121°67° E
Huangshan HS 2007-07-18 Huangshan, Anhui 29°57° N, 76
118°14° E
Wuyishan WX 2007-04-20 Wuyishan, Fujian 27°45° N, 50
118°02° E
Nanchan NC 2007-05-22 Nanchan, Jiangxi 31°22° N, 58
119°49° E
Feixian FX 2007-08-20 Feixian, Handong 35°15° N, 30
117°58 " E
Yixing YX 2006-09-28 Yixing, Jiangsu 31°22° N, 81
119°49° E
Tonglu TL 2007-07-19 Tonglu, Zhejiang 29°50 " N, 35
119°34° E
Taiwan T™W 2008-07-12 Yilan, Taiwan 24°59° N, 5
121°67 " E
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Table 2. The ecological characters of 20 Apis cerana populations in their distribution area

Frost Yearly Yearly

. Latitude Altitude Average Y.ea}rly- free sunshine average Percentage
Code Climate temperature precipitation . . . of forest
/ /m rc I period duration relative cover/%
/d /h humidity

DQ Temperate monsoon 27 3,300 54 620 128 1,964 70 34.6

WD  Warm temperate 26 1,910 13.2 999.7 242 2,326.2 69 54.2
monsoon

XS Tropical rain forest 22 800 21 1200 330 2,000 84 63
climate

AB Plateau continental 31 2,000 9 753 120 1,500 58 52.3
monsoon

BJ Warm temperate 39 80 1 600 189 2,200 80 35.5
semi-arid continental
monsoon

TS Temperate continental 34 1,742 10.9 650 230 2,307 70 76
arid monsoon

CH  South Asia tropical 24 600 205 1,900 303 1,750 79 67
monsoon

NL  Subtropical monsoon 23 350 21.7 1,300 365 1,800 79 42.5

HN  Tropical ocean 20 180 238 1,664 346 2,225 85 72.6
monsoon

LF Temperate arid 29 150 164 1,346.5 270 1,719.5 81 34.3
monsoon

CB Temperate/continental 41 1,200 4 800 100 2,300 70 87.7
monsoon

XC North temperate 40 330 9.9 600 175 2,700 88 29
subarid monsoon

QL  Warm tropical 34 1,500 13 700 190 2,100 69 48.6
monsoon semi-arid
continental monsoon

XZ Subtropical monsoon 29 1,700 8.5 900 176 2,000 75 43

HS  Subtropical arid 30 500 15.5 1,670 200 1,800 70 75.3
monsoon

WY  Subtropical maritime 27 350 18 1,342.5 326 1,980 77 62.96
monsoon

NC  Subtropical arid 29 25 17 1,650 260 1,820 78.5 60.05
monsoon

FX  Warm temperate 35 200 134 860 196 2,538 60 35
monsoon

YX  Subtropical monsoon 31 250 15.8 1,180 235 200 83 32

TL Subtropical monsoon 30 400 16.5 1,462 254 1,667 76 87

TW  Subtropical monsoon 25 300  20.3 1,400 350 2,139 84 74
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Table 3. The average and standard error in morphological features of 20 Apis cerena populations

population F/em Fp/em Aylem? P/em G Ts.4/cm

DQ 0.870 £ 0.086 ab  0.294 +0.020a  0.128 +0.020ab  0.446 + 0.042bc  3.272 +0.680b  0.383 + 0.024hc
WD 0.757+0.038e  0.257+0.012d  0.097+0.008¢  0.416 £ 0.052cd  3.487 +0.727b  0.306 = 0.025¢
XS 0.857+0.0567b  0.286+0.017ab 0.123+0.013b  0.497 £0.062ab  2.106 £ 0.583d  0.389 + 0.035h
AB 0.857+0.024b 0278 £0.017bc  0.119£0.009b  0.490 £ 0.049ab  2.894 + 0.610c  0.354 = 0.027de
BJ 0.812+0.024c 0270 +0.015c  0.110 £0.008¢cd  0.405 £ 0.044d  3.807 +1.151a  0.353 = 0.016de
TS 0.731+0.041f 0.246+0.017e  0.090 £0.010f  0.389 £0.059de 2.714+0.517c  0.310 + 0.023g
CH 0.793+0.041cd 0.256 £0.011d  0.102+0.008de  0.501+0.051a  2.868 £0.622¢c  0.345 +0.018¢
NN 0.776 £ 0.045de  0.281 +0.015bc  0.109 £ 0.011cd  0.414 £ 0.070cd  3.670 + 0.033 ab  0.352 = 0.023de
HN 0.732+0.065f 0.249+0.018¢  0.091+0.014f  0.381+0.048de 2.946 +0.531c  0.324 + 0.026f
LF 0.836+0.032d 0270 +0.002c  0.113£0.00lc  0.472+0.068b  2.800 + 0.663c  0.358 + 0.018de
CB 0.856 +0.051b  0.274+£0.030c  0.118 +0.007bc  0.475 +0.052ab  3.651 +0.638b  0.403 + 0.063a
XC 0.857+0.040b 0287 +0.012ab 0.123+0.010b  0.479 £0.057ab  3.237 £0.691d  0.364 + 0.017cd
QL 0.837+0.033b  0.287+0.013ab  0.120+0.009b  0.390 £ 0.038de  2.142+0.089d  0.359 = 0.019d
X7 0.883+0.038a 0.291+0.017ab 0.129+0.011a  0.426 £ 0.053cd  2.342+0.105d  0.400 = 0.054ab
HS 0.778£0.046d 0270 £0.017c  0.105+0.012d  0.439+0.052c  3.711+0.968ab  0.342 + 0.021e
WY 0.793+0.039cd 0.277 +0.018c  0.110 £ 0.010cd  0.399 +0.056d  3.610 + 0.915ab  0.344 + 0.014e
NC 0.795+0.049cd 0.268+0.016c  0.107+0.012d  0.366+0.069e  2.967 £0.716c  0.341 +0.021e
FX 0.777+0.0561d 0254 +0.019de  0.099+0.012¢  0.415+0.062cd 2.887 +0.651c  0.333 = 0.027ef
YX 0.786+0.033d  0.278 £0.013bc  0.109 +0.008bc  0.372+0.057e¢  3.438 £0.716b  0.343 +0.018e
TL 0.840+0.044b  0.283+0.017b  0.119£0.012bc  0.497 £ 0.050ab  3.446 + 0.820b  0.373 = 0.033c
Fig 41.279** 29.880** 42.136%* 27.831%* 3.272+0.680b  36.997+*

Note: the different numbers in the same column indicate a significant difference (p < 0.05); ** indicates an

extreme difference (p < 0.01).
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Table 4. The correlation coefficient of morphology features in 20 Apis cerena populations

FL Fp Pr Ci T34
Fp 0.639%*
Ay 0.387** 0.368**
Pr 0.370%* 0.022%* 0.151%*
Ci -0.074 0.023 -0.051 -0.009
T34 0.619%* 0.517** 0.316%* -0.044

Note: Fy, indicates the length of the wing, Fgindicates the width of the wing, Ay indicates the area of the wing, Ci
indicates the length of the proboscis, Pr indicates the cubital vein indexes, Ts,, indicates the length of terga 3 and

4

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).
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Table 5. Character value and accumulated contribution rate of the correlated matrix

Component Total Percentage of Variance % Cumulative %
1 2.616 43.597 43.597
2 1.008 16.792 60.390
3 0.876 14.595 74.985
4 0.731 12.191 817.176
5 0.455 7.585 94.761
6 0.314 5.239 100.000
0.05) ° A 10 I 2= SRR Y T R8I E (EE T

= - 6 IR EIEIERAIERI 24T

6 P RESE IR RIAHRE o T BR FL 2k —~
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Table 6. Component matrix of 4 principal components

Component
1 2 3 4
FL, (mm) 0.875 -0.020 0.007 -0.136
Fp (mm) 0.797 0.114 -0.218 -0.231
Ay (mm?) 0.570 -0.095 -0.526 0.607
Pr (mm) 0.517 0.068 0.731 0.424
Ci -0.071 0.990 -0.077 0.059
T34 (mm) 0.786 0.019 0.107 -0.329

Note: Fy, indicates the length of the wing, Fgindicates the width of the wing, Ay indicates the area of the wing, Ci
indicates the length of the proboscis, Pr indicates the cubital vein indexes » Ts,, indicated length of terga 3+4.
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Table 7. The character value and the accumulated contribution rate of the correlated matrix

Component Total Percentage of Variance % Cumulative %
1 3.425 24.464 24.464
2 3.082 22.016 46.480
3 1.712 12.227 58.707
4 1.424 10.170 68.877
5 1.107 7.904 76.781
6 1.024 7.315 84.096
7 0.741 5.291 89.386
8 0.584 4.168 93.554
9 0.394 2.815 96.370
10 0.287 2.053 98.423
11 0.126 0.902 99.325
12 0.053 0.379 99.704
13 0.041 0.295 99.999
14 9.086E-05 0.001 100.000
F2 = -0.020 X1 + 0.114 X2 - 0.095 X3 - F FoRERSY » X1~X6 X 6 HigE

F3

F4

0.068 X4 + 0.990 X5 - 0.019 X6
-0.007 X1 - 0.218 X2 - 0.526 X3 +
0.731 X4 - 0.077 X5 + 0.107 X6
-0.136 X1 - 0.231 X2 + 0.607 X3 +
0.424 X4 + 0.059 X5 - 0.329 X6
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Table 8. Component matrix of 7 principal components

Component
1 2 3 4 5 6 7
Fp(mm) 0.338 0.683 -0.248 -0.064 -0.151 -0.232 0.057
Fp (mm) 0.661 0.432 -0.112 0.352 0.317 0.056 0.132
Ay (mm?) 0.635 0.669 -0.211 0.208 0.134 -0.082 0.122
Pr (mm) 0.434 -0.280 0.610 0.007 -0.256 0.274 0.093
Ci 0.062 -0.274 -0.186 -0.391 0.709 -0.214 -0.287
T34 (mm) 0.523 0.451 0.178 -0.424 0.008 0.135 0.322
Latitude/ 0.786 -0.276 0.045 -0.005 0.219 0.321 -0.194
Altitude/m 0.035 -0.506 -0.695 0.085 -0.253 -0.223 0.261
Average temperature/C 0.151 -0.101 0.689 0.203 0.234 -0.562 0.195
Yearly precipitation/mm -0.795 0.321 0.327 -0.033 0.211 0.209 0.151
Frost free period/d -0.667 0.608 0.086 0.272 0.045 -0.241 -0.050
Yearly sunshine duration/h 0.255 -0.306 0.095 0.804 -0.057 -0.025 -0.254
Yearly average relative humidity -0.152 0.828 -0.054 0.070 -0.109 0.256 -0.372
Percentage of forest cover/% -0.444 -0.173 -0.262 0.380 0.411 0.431 0.373

Note: F, indicates the length of the wing, Fgindicates the width of the wing, Ay indicates the area of the wing, Ci
indicates the length of the proboscis, Pr indicates the cubital vein indexes, Ts,4 indicates the length of terga 3+4.
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F1 = 0.338 X1 + 0.661 X2 + 0.635 X3 +
0.434 X4 - 0.062 X5 + 0.523 X6 + 0.786
X7 +0.035 X8 + 0.151 X9 - 0.795 X10 -
0.667 X11 + 0.225 X12 - 0.152 X13 -
0.444 X14
F2 = 0.683 X1 + 0.432 X2 + 0.669 X3 -
0.280 X4 - 0.274 X5 + 0.451 X6 - 0.276
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X7 -0.506 X8 - 0.101 X9 + 0.321 X10 +
0.608 X11 - 0.306 X12 + 0.828 X13 -
0.173 X14

F3 = -0.248 X1 - 0.112 X2 - 0.211 X3 +
0.610 X4 - 0.186 X5 + 0.178 X6 - 0.045
X7 - 0.695 X8 + 0.689 X9 + 0.327 X10
+ 0.086 X11 + 0.095 X12 - 0.054 X13 -
0.262 X14

F4 = -0.064 X1 + 0.352 X2 + 0.208 X3 +
0.007 X4 - 0.391 X5 - 0.424 X6 - 0.005
X7 + 0.085 X8 + 0.203 X9 - 0.033 X10
+0.272 X11 + 0.804 X12 + 0.070 X13 +
0.380 X14

F5 = -0.151 X1 + 0.317 X2 + 0.134 X3 -
0.256 X4 + 0.709 X5 + 0.008 X6 +
0.219 X7 - 0.253 X8 + 0.234 X9 + 0.211
X10 + 0.045 X11 - 0.057 X12 - 0.109
X13 + 0.411 X14

F6 = -0.232 X1 + 0.056 X2 - 0.082 X3 +
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Fig. 1. The results of clustering on 20 Apis cerana populations according to the 7 indexes.
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Investigating the Genetic Diversity among Apis cerana in
China

Ting Ji, Ling Yin, Min Liu, and Guo-Hong Chen’

College of Animal Science and Technology, Yangzhou University, Jiangsu, China

ABSTRACT

Six main indexes of external morphology of 20 Apis cerana populations in
China were described. The findings showed that there were significant
differences (p < 0.05 and p < 0.01) among 6 characteristics in 20 populations in
China, indicating that the genetic diversity of these 20 Apis cerana populations
was abundant. The findings showed that significant differences (p < 0.01)
existed in the length, width and area of the anterior wing ° in the length of the
proboscis and the length of terga 3 and 4; there was no difference between the
cubital vein indexes and other characteristics (p > 0.05), indicating that the
cubital vein index was an independent morphological feature. The principal
component analysis (PCA) of the 6 main indexes of external morphological
features and the 8 ecological features of the 20 populations showed that the
difference among the morphological features was as a result of 7 principal
components including both morphological and ecological features. The
contribution rate of these two features was 89.386%. Thus, not only the
morphological features but also the ecological features should be considered in
principal component analysis.
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