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Abstract  [Objectives] To establish effective management measures for the striped fruit fly, Zeugodacus scutellatus
(Hendel) (Diptera: Tephritida), an important quarantine species in China, and prevent further expansion of its range by
identifying its mode of expansion and historical expansion routes. [Methods] The population genetic structure and
contemporary gene flow of the striped fruit fly were assessed based on variation in the mtDNA cox! and cox2 sequences.
[Results] Haplotypesdiversity (%), Nucleotide diversity (), Fy and Gene flow (N,,) were higher in western populations than
in eastern ones. These parameters are also higher in the Japanese population than in Chinese populations. Evaluation of
haplotype phylogenetic structure indicates that all haplotypes from Japan clustered at the base of the phylogenetic tree,
indicating that these haplotypes are more ancient than those found in China. The results of a Mantel Test indicate that Z.

scutellatus populations have suffered bouts of high-speed expansion in China, and that geographical barriers have been no
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obvious impediment to their spread. [Conclusion] Our results indicate that Chinese populations of Z. scutellatus probably

originated from Japan, and that Shanghai and Chongqing were the first two places in China to be colonized. Z. scutellatus

probably arrived in two waves, one establishing in Shanghai simultaneously with imports from Japan, then, facilitated by trade

along the Yangtze River, quickly colonizing the Yangtze Delta and inland regions. Another wave arrived in Chongqing, the

commercial center of western China, including Yunnan, Sichuan, Gansu, Guizhou and Shaanxi provinces. Expansion north and

south from Chonggqing was also facilitated by the movement of produce and goods.
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Table 1 Information on sampling sites of Zeugodacus scutellatus

o o

m
Area Sampling site Code Altitude Longitude Latitude Sample size

Guangxi Baise GBS 263 106.37 23.53 20
Guangdong Guangzhou GGZ 305 113.15 23.61 19
Guizhou Guiyang GGY 1248 106.36 26.36 18
Hezhang GHZ 1521 104.43 27.07 9
Xaingyi GXY 1269 104.52 25.07 19
Hubei Wuhan HWH 23 114.18 30.35 20
Badong HBD 226 110.19 30.05 20
Zhejiang Jiaxing ZJX 8 120.45 30.45 18
Lanxi ZLX 35 119.27 29.12 18
Anhui Fuyang AFY 31 115.48 32.53 19
Fujian Fuzhou FFZ 360 119.15 26.29 14
Hunan Changsha HCS 51 112.56 28.13 18
Shanxi Changzhi SCZ 928 113.06 36.12 18
Chongqing Wanzhou Ccwz 299 108.24 30.48 17
Liangping CLP 483 107.48 30.40 20
Jiangsu Yangzhou YZ 9 119.24 32.23 20
Shuanghai Shanghai SH 6 121.38 31.09 20
Yunnan Yongshan YYS 725 103.38 28.13 16
Shaanxi Hanzhong SHZ 535 107.13 33.04 20
Yangling SYL 459 108.04 34.16 8
Henan Zhengzhou HZZ 115 113.37 34.34 15
Xinyang HXY 111 114.05 32.08 19
Jiangxi Yujiang Y] 475 116.48 28.12 14
Xingguo JXG 514 115.21 26.20 20
Jiujiang 1] 129 115.59 29.40 16
Japan Kyoto KY 59 135.45 35.01 10
Private haplotypes Gamma

Arlequin 3.5 Excoffier and jModelTest0.1.1 Guindon and Gascuel 2003

Lischer 2010 Posada 2008 Arlequin 3.5
Nucleotide diversity Neutrality test
Haplotype diversity Fy Tajima’s D Tajima 1989 Fu’s Fy Fu
Mismatch distribution Nei’s 1997 Nei’s Fy
Nei’s average number of pairwise Network 4.6 Bandelt et al. 1999
differences Median-joining network

Average number of nucleotide defference Zeugodacus cucurbitae
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Table 2 The distribution of 207 haplotypes and related statistics among
26 Zeugodacus scutellatus geographical populations
Nymber Nomber P Fese
GBS H2 H3-4 H6-7 H9-10 HI2-13 9 5 0.64 0.36
GGZ H2-3 H7 H28 H33 H35-36 7 4 0.64 0.36
GGY H2 H4 HI3 HI5 H20 H24 H26 H28 8 10 0.44 0.56
GXY H2 HI12 H26 H37 H39 H42 6 5 0.55 0.45
HWH H2 H4 H9 HI5 H37 HS50 HS53-55 9 7 0.56 0.44
ZJX H2 H20 HS50 HS54 HS56 5 2 0.71 0.29
ZLX  H2 H60 H7I 3 11 0.21 0.79
AFY H2 HI15 H35 H74 4 5 0.44 0.56
FFZ H2 H35 H79 HS80 HS82 5 4 0.56 0.44
HCS H2 H4 H33 H35 H42 6 6 0.50 0.50
SCZ H2 H24 H35 H39 H50 H92 H99 HIO01 8 8 0.50 0.50
CWZ H2 H4 H35 HS55 HI09-110 6 7 0.46 0.54
CLP H2 H4 H26 H35 H56 HI114 6 7 0.46 0.54
IYZ H2 HI0 HI15 HS53 HI124 5 9 0.36 0.64
SH H2 H20 H71 H80 H82 H99 HI110 HI32 8 7 0.53 0.47
YYS H2 H6 H79 HI139 4 4 0.50 0.50
HBD H2 H4 H6 H54 H71 5 6 0.45 0.55
SHZ H2 H4 HI15 H35 H54-55 H71 HI114 H149 9 7 0.56 0.44
HzZ H2 H4 HI10 H74 HI109 HI158 HI61 7 5 0.58 0.42
GHZ H2 HI5 H24 HS50 HI1S58 5 4 0.56 0.44
JYJ H2 HI13 HS5 H82 H92 HI139 6 3 0.67 0.33
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453k 2 Table 2 continued

Population Haplotypes Number Number Percentage Perc.entage
shared private Shared Private

IXG H2 H4 HI5S H60 H74 HI124 6 8 0.43 0.57
1] H2 H4 H36 HS5 4 6 0.40 0.60
HXY H2 H20 H35 H53 H82 HI01 HI32 HI149 8 6 0.57 0.43
SYL H2 H87 HI6l 3 3 0.50 0.50
KY 0 0 14 0.00 1.00
Total 152 163 0.48 0.52
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Fig. 1 Spatial distribution of all haplotypes of Zeugodacus scutellatus P indicate private haploatypes
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Table 3 Parameters and of genetic diversity and results of neutrality tests of
26 populations of Zeugodacus scutellatus
Nei’s
Population  Haplotypes d}il\?el:)rlsoigl()he) dI?vuecrlsei(t);?;) Mean number of Tajima’s D Fu’s Fs
Nei’s differences
GBS 14 0.889 5 0.028 203 5.640 60 8.49 - 1.563 30* - 4.588 71*
GGY 18 1.000 0 0.044 473 8.894 59 9.66 - 1.761 60* - 11.566 60*
GGZ 11 0.9123 0.030 388 6.077 59 8.92 -1.074 76 -1.39339*
GXY 11 0.830 4 0.031 877 6.375 32 8.75 - 1.144 99 -1.23239
HWH 16 09415 0.039 496 7.899 16 8.87 -1.23043 - 4.676 77*
ZJX 7 0.738 6 0.037 727 7.545 35 13.36 -0.222 09 2.614 25
ZLX 14 0.934 6 0.045 224 9.044 88 7.24 - 1.234 88 -3.323 68
AFY 9 0.678 4 0.026 948 5.389 51 10.38 - 1.320 76 -0.143 75
FFZ 9 0.800 0 0.031 944 6.388 78 12.47 - 1.234 04 - 0.527 06
HCS 12 0.9216 0.039 925 7.985 09 17.92 -0.794 39 - 1.703 25
SCZ 16 0.986 9 0.048 151 9.630 13 10.41 -1.174 82 - 6.003 67*
CWZ 13 0.926 5 0.040 589 8.117 84 12.67 -1.142 63 -3.069 72
CLP 13 0.8713 0.028 377 5.675 34 10.36 - 1.537 17* - 2.608 89
IYZ 14 0.947 4 0.040 844 8.168 88 9.52 -1.23342 -2.808 19
SH 15 0.947 7 0.042 377 8.690 59 10.90 - 1.344 16 -3.67120
YYS 8 0.758 3 0.038 990 7.798 06 12.69 -0.523 17 1.21527
HBD 11 0.836 8 0.026 307 5.261 32 2.56 - 1.098 14 - 1.683 82
SHZ 16 0.963 2 0.038 974 6.282 25 10.36 - 1.710 04* - 5.606 96*
HZZ 12 0.942 9 0.031 411 8.409 62 8.40 - 1.021 85 -3.914 02*
GHZ 9 1.000 0 0.042 048 7.756 77 9.88 - 0.801 72 -3.38921%*
IYJ 9 0.8352 0.038 784 8.738 89 10.32 - 0.560 96 -0.286 75
IXG 14 09158 0.043 694 4.755 64 10.77 - 1.267 10 - 2.541 68
1] 10 0.8857 0.023 778 7.081 73 9.84 -1.189 19 -0.286 75
HXY 14 09123 0.035 409 6.835 47 11.00 -1.304 93 -3.91120*
SYL 6 0.8929 0.035 840 17.147 15 4.70 - 1.069 66 0.130 87
KY 14 0.990 5 0.024 753 4.950 54 2.69 - 1.855 28* - 9.206 10*
* 0.05 *x 0.01
* indicates significantly different at the 0.05 level, ** indicates significantly different at the 0.01 level.
3 26
88% Fu’s
F 33% 0.05
Fu’s F - 11.56
Tajima’s D 19%
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Fig. 2 The mismatch distribution of 26 populations of Zeugodacus scutellatus
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Fig. 4 Median-joining network of Zeugodacus scutellatus haplotypes

Blue: Zeugodacus cucurbitae; yellow: Zeugodacus scutellatus; red: median vector.
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