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Abstract: Monochamus alternatus is a local stem borer in China,also a medium of pine wood nematode, a

major alien invasive disease. The observation on M. alternatus that are under cold acclimation can predict its
distribution patterns which is influenced by low temperature. In this study,3™ to 4" instar over-wintering
M. alternatus larvae from Yantai,Shandong Province were selected to be subjected to a series low tempera-

ture exposures (0,—5,—15,and —20°C)for different time durations (0.5,1,2,3,4,6,and 12 h,and 1,7,

and 32 d). The observed data were processed by Probit regression analysis method in the software SPSS

22.0 to obtain semilethal low temperature (LLT;,) and 99% lethal temperature (LLLLT,,). By using the av-
erage temperatures from 46 meteorological stations in January within China as meteorological parameters,
isotherm was generated with relative software. Besides, by statistic analysis and charting, with LLT;, and
LLTy as boundaries,highly suitable, moderately suitable,and non-suitable distribution areas for M. alter-
natus in China were preticted under different low-temperature stresses. This paper clarified the capabilities
of M. alternatus to diffuse in high latitude areas in China under low-temperature stress.
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Table 1 The head capsule width and body length of

M. alternatus in different instars

it 191 Pi/d 3% 58 /mm K /mm
1 6~12 0.1~1.4 5.0~16.5
2 14~22 1.4~2.0 15.5~18. 6
3 28~129 2.1~2.7 18.6~24.5
4 47~143 2.7~3.3 24.5~31.2
5 94~156 3.4~4.2 31.2~40.3
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Table 2 Average monthly minimum temperature of 46 weather

stations nationwide

SV 4 b g
BE precwc mamce PO VO
) —33.13 —40.30 122.5319  52.970 73
il o B —29.07 —35.23  117.370 6  49.596 08
W R U —22.53 —28.50 126.528 9  45.801 2
L —21.77 —28.47  132.049 1  47.210 27
Rl —20.7 —28.90 84.059 88  32.305 05
o] 3¢y 2% —19.33 —29.43 88.137 94  47.843 68
K# —17.87 —25.10 125.3175  43.81378
R —16. 4 —23.40  123.454 41,680 14
L —16.13 —23.43 98.489 79  36.922 84
i) —16 —24.50 97.006 21  33.007 28
I 1 —15.13 —23.33  111.742 40. 841 08
(G —14.43 —19.67 101.776 1  36.617 21
Tl —14.3 —20.17  101.053 8  41.952 21
EX N1 —13.53 —20.47 87.615 18  43.823 34
g —13.17 —18.93 94.661 05  40. 141 08
F e ) —13.07 —17.60 29.252 83  88.894 45
St —12.7 —8.37 100.8151  22.012 38
JFE IR 8 —12 —16.97 86.172 52 41.724 71
HI —10.7 —16.93  106.2295  38.482 61
N —9.17 —17.50 112.543 7  37.870 13
Evd —6.93 —10.93 91.112 74  29.646 76
b |8 —6.1 —11.00  116.400 8  39.903 18
HEIE —6 —12.70  114.509 38.041 78
1 HI —5.93 —11.00 79.920 18  37.114 54
Ki% —5.6 —13.23 121.6101  38.912 52
b —4.87 —11.07 94.360 33 29.650 88
HBIT HE —4.3 —2.10  103.6115  31.003 71
R —4.3 —11.03  108.1953  34.261 63
] —2.83 —10.83 117.0127  36.676 25
ki —2.43 —8.87  122.116 37.509 49
HB —1.53 —6.53  113.618 9 34,748 37
VNG| —1.4 —8.33  118.798 6  34.112 46
i YL 0.63 —4.53  100.224 9  26.858 06
e 1.2 —6.70 117.2215  31.822 31
#IX 1.47 —5.67  114.299 6  30.595 21
F AL 2.7 —6.43  118.790 8  32.060 36
i wh 3.13 0. 60 98.490 74  25.023 56
E 8 3.43 2.23  102.844 6  24.870 76
B 3.53 —4.20  120.204 5  30.249 42
pidE] 3.63 3.03  106.626 4  26.651 23
Kb 4.3 —2.43  112.9335  28.232 3
=) 5.37 —0.80 115.853 1  28.687 09
Ha N 9.7 2.67 119.2922  26.077 28
el 1.1 4.67  113.2597  23.13176
T 11.2 3.90  108.3629  22.818 97
I 14.07 7.30  114.0529 22,545 52
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Table 3 Lethality of M. alternatus under different treatment temperatures and durations

ISR R BE I ) /h

0.5h 1h 2 h 3h 6 h 12 h 24 h 168 h 768 h
0 0 0 0 0 0 0 0 0 0
-5 0 0 1/30 0 1/30 2/31 1/10 2/31 4/33 6/33
—15 1/5 13/30 22/31 26/31 30/32 1 1 1 1 1
—20 8/31 16/31 25/32 1 1 1 1 1 1

R4 MEXRFEZYHRELRKEBHERENHKRBBIEEE (LLTF LLTy)

Table 4 Lethal low temperature of M. alternatus overwintering larvae in different exposure time(LLT;, and LLTgg)

95 % B 15 X [a] 95 % B AF X [

REAE w wazw omeww 0 LT /€
Low Up Low Up

0.5 —5.698 0. 327 0 —20.904 —23.146 —18. 809 —29.438 —32.595 —26.906
1 —4.862 0.307 0 —17.837 —19.727 —15.962 —26.372 —29.02 —24.216
2 —3.911 0.294 0 —14. 347 —16.312 —12.285 —22.882 —25.371 —20.772
3 —3. 149 0.291 0 —11.552 —14.002 —9.016 —20. 086 —23.031 —17.532
4 —2.806 0. 275 0 —10. 292 —12. 838 —7.72 —18. 826 —21.953 —16.151
6 —2.538 0. 26 0 —9.311 —11.92 —6.739 —17.845 —21.124 —15.081
12 —2.463 0.257 0 —9.037 —11.693 —6.448 —17.571 —20.936 —14.751
24 —2.533 0. 26 0 —9.293 —11.914 —6.718 —17.828 —21.12 —15.049
168 —2.437 0.246 0 —8.939 —11.49 —6. 467 —17. 474 —20.765 —14.737
768 —2.261 0.234 0 —38.295 —10. 785 —5.904 —16.83 —20.102 —14.133

FEEE I B G5 6 h W, B EOER B (LLT ) E A=
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TL T /NS 3 b DXL b 5t PG RD L P (4 358 0 b X 35
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Fig. 1 A long time (32 d) zone division of M. alternatus under

low temperature stress
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Fig. 2 A short time (24 h) zone division of M. alternatus

under low temperature stress
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Fig.3 A short time (24 h) and a long time(32 d)zone division of

Monochamus alternatus under low temperature stress
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