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Outbreak mechanism of second generation armyworms in
northeastern China: A case study in 1980
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Abstract [Objectives] An outbreak of st generation armyworm, Mythimna separata (Walker) occurred in Heilongjiang
Province in 1980, and numerous newly emerged moths were caught by poplar branch traps. However, an outbreak of 2nd
generation armyworm subsequently occurred in Jilin Province rather than in Heilongjiang Province. Where did these moths
emigrate to and what was the source population? This study aims to provide suggestions for forecasting and controlling M.
separata by investigating the migration process and the formation of outbreak populations. [Methods] The outbreak in Jilin
Province in 1980 was studied by calculating trajectories using WRF, a mesoscale numerical weather prediction model.
[Results] In 1980, the emigration of moths from Jilin Province was suppressed by successive rainfall caused by passing
cyclones, which also flushed out the passing southward airborne migrants from Heilongjiang Province. Thus, the outbreak
population in Jilin Province in 1980 was comprised of both the local population and immigrants. In addition, as the west
Pacific subtropical high remained farther south than usual and the Yakutsk high reached the central plain of northeastern China
in the sixth pentad of July, a few of moths from Liaoning Province could immigrate into Shandong and Hebei across the Bohai

Sea with the prevailing northerly winds. [Conclusion] The primary cause of the outbreak of 2nd generation M. separata in
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Jilin Province in 1980 was the prevention of emigration of local populations and the concentrated immigration of both
southward and northward airborne moths by fickle winds and heavy rainfall in the season.

Key words Mythimna separata, WRF model, trajectory analysis, northeast cyclone
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Table 1 The monitoring stations for armyworm moths in northeastern China
Station Longitude Latitude  Periods Station Longitude Latitude Periods
Hejiang 130.28 46.82  7/19-7/23 Taoan 122.82 45.67 7/18-7/22
Harbin 126.77 4575  7/19-7/23 Jiutai 125.80 44.17 7/19-7/23
Mudanjiang 127.47 4437  7/19-7/23 Nongan 125.17 44.42 7/19-7/23
Zhaoyuan 125.00 45.50  7/19-7/23 Qianan 122.02 45.00 7/19-7/23
Anda 125.32 46.38  7/19-7/23 Tongyu 123.07 44.78 7/19-7/23
Nehe 125.00 48.49  7/19-7/23 Changling 123.97 44.25 7/19-7/23
Fuyu 124.48 47.84  7/19-7/23 Zhenlai 123.17 45.85 7/19-7/23
Youyi 131.77 46.81 7/19-7/23 Lishu 124.18 43.35 7/20-7/24
Fujin 132.08 4724 7/19-7/23 Changchun 125.22 43.90 7/20-7/24
Chuangye farm 133.15 47.47  7/19-7/23 Gongzhuling  124.80 43.50 7/21-7/25
Nenjiang 125.60 49.14  7/19-7/23 Yushu 126.53 44.83 7/21-7/25
Bawu farm 133.00 46.50  7/19-7/23 Daan 124.27 45.50 7/23-7/27
Dalian 121.50 39.42  7/23-7/27 Dongliao 124.95 42.95 7/23-7/30
Jinzhou 121.02 41.13 7/23-7/27 Yongji 126.31 43.70 7/27-7/31
Zhuanghe 122.86 39.69  7/23-7/27 Fuyu 124.83 45.18 7/29-8/2
Chaoyang 120.42 41.58  7/23-7/27 Yitong 125.17 43.35 7/29-8/2
Dandong 124.29 40.15 7/23-7/27 Kangping 123.36 42.75 7/23-7/27
Fuxin 121.68 42.01 7/23-7/27 Shenyang 123.40 41.78 7/23-7/27
Heishan 122.13 41.69  7/23-7/27 Changtu 124.88 42.75 7/23-7/27
Fushun 123.87 41.85  7/23-7/27 Benxi 124.10 41.26 7/23-7/27
Anshan 123.00 41.09  7/23-7/27 Yingkou 122.25 40.69 7/23-7/27
Qingyuan 124.91 42.09 7/23-7/27
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Table 2 The poplar branch trap catches of Mythimna separata in northeastern China in late July, 1980
o o 5 d
Location Latitude  Longitude Appearance day Peak day Cpaetzile;a;n cztztl?és Peﬂ:ﬁ gzt}éilgith
Hejiang 46.82 130.28 7/16 7/20 238 568 7/19-7/23
Harbin 45.75 126.77 7/10 7/21 543 1374 7/18-7/22
Daan 45.50 124.27 7/17 7/25 318 831 7/23-7/27
Taoan 45.67 122.82 7/16 7/21 483 914 7/18-7/22
Tongyu 44.78 123.07 7/18 7/21 115 272 7/19-7/23
Qianguo 45.12 124.83 7/15 7/27 40 158 7/24-7/28
Lishu 43.35 124.30 7/15 7/31 65 292 7/31-8/04
Yitong 43.35 125.28 7/20 7/31 56 171 7/28-8/01
Gongzhuling 43.50 124.80 7/15 7/22 112 364 7/21-7/25
Dongliao 42.95 124.95 7/20 7/29 104 331 7/27-7/25
Yushu 44.83 126.53 7/17 7/23 285 1111 7/21-7/25
Nongan 44.42 125.17 7/15 7/21 319 1105 7/21-7/25
Jiutai 44.10 125.80 7/15 7/21 225 514 7/19-7/23
Changchun 43.90 125.22 717 7/23 148 480 7/22-7/26
Jinzhou 41.13 121.02 7/16 7/26 49 299 7/23-7/27
, Dalian 39.42 121.00 7/15 7/24 35 208 7/23-7/27




4 : 1980 - 947-

22 #MiBHHER

430 65 1
365
19 20
21 1
22 23 VII 312 85.48%
21 VI
5.75%
4 21
2325
26 27 167
4
18—21 1.09%
2326 1
27 1 VII 332
430 5 90.46% 3 A
27 64.42%
164 157
16 31.04% 95.73% 4
95.73%
157/164 3 2 B-D
157
156 3 B
1538 3 71 VI
71
2 A 18h 19-24h 15 48

£3 1980 £ 7 ATAGKILFE R 1 XK B IFHEEEEDR

Table 3 The forward trajectories of the 1st generation armyworm moths from northeastern China in late July, 1980

Valid trajectories Trajectories aborted
Duration  Total
Subtotal ~ Normal Low temperature Subtotal Enter sea Iterative error Overrange
1 430 365 365 0 65 65 0 0
2 365 332 329 3 33 33 0 0
3 332 298 293 5 34 32 2 0
4 298 277 276 1 21 19 2 0
5 277 266 259 7 11 8 0 3
1702 1538 1522 16 164 157 4 3

Total
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Fig.1 The forward trajectories of the 1st generation armyworm moths from northeastern China in late July, 1980
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HLJ, Heilongjing Province; JL, Jilin Province; LN, Liaoning Province. The number on each figure is the date, say,

21 means the 21st of July.
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Fig. 2 The endpoint distribution of the forward trajectories of the 1st generation armyworm moths from the
Northeast China in late July, 1980
A. B. C. D.
A o X X
10 000 km?

A. The distribution of all valid endpoints; The last endpoints of trajectories from B. Heilongjiang Province; C. Jilin Province;,
D.Liaoning Province. ‘ A’ presents the start location of these forward trajectories, ‘0’ presents the last endpoints of these
trajectories, ‘X ’ presents the first endpoints of the trajectories in sea, and ‘X’ presents the last points of the trajectories that

outranged. The area of each hexagon was 10 000 km?.
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Table 4 The endpoints distribution of the forward trajectories of the 1st generation armyworm moths from
northeastern China in late July, 1980

Valid trajectories Trajectories aborted
Regions
Subtotal Heilongjiang Jilin  Liaoning  Subtotal Enter sea Iterative error Overrange
I 5 2 3 0 0 0 0 0
I 0 0 0 0 137 137 0 0
11 146 62 68 16 0 0 0 0
v 22 0 22 0 2 0 0 2
\% 2 1 1 0 1 0 0 1
VI 21 4 5 12 2 0 2 0
VII 166 51 57 58 20 19 1 0
VIII 3 0 0 3 2 1 1 0
365 120 156 89 164 157 4 3
Total
8 I I 1
v v VI
VII VIII

The likely destinations of trajectories were divided to 8 regions, including (I) The sea of Japan and the east of Sikhote-Alin
Mountain  (II) The Bohai Sea and Yellow Sea (III) The alpine area of and the west of the Greater Khingan Range (IV) The
alpine area of the Lesser Khingan Range and the Russian Far East; (V) The Russian Far East to the east and north of Sanjiang
Plain; (VI) The northern China; (VII) The plain and hilly area in northeastern China; (VIII) The Changbai Mountains and

Korean Peninsula.



4 1980 951-
A B
Z r 1 F Y \\
@l © EEIT Heihongjiang FRELRATHS ] A
o = Jilin Flight duration I
1T Liaoning ® 10-18h Fros %
O 1924h Y2 17
g [ 0o 2530n ( &
= © >30h | /As\""
2
>4 Z.
z E
bal
<t
4
. |2
)
3 z
§ | z
Nal . : 1%
k k - k k k k o
115°E 120°E 125°E 130°E 135°E 118°E 120°E 122°E 124°E 126°E
3 1980 £ 7 ATAFRIHE 1| REBINENTRLE LR
Fig. 3 The endpoints distribution of the forward trajectories of the 1st generation armyworm moths from
northeastern China in late July, 1980
A. ; B. A 8 4
B ° |

A of all valid trajectories after excluding rainfall effect; B of the trajectories across sea. In A, the likely destination of
trajectories were divided into 8 regions (Table 4), each region labelled with Roman numeral, and the number of endpoints in
‘e’ presents the endpoints arrived in eastern China, ‘m’ presents the
endpoints reached to other regions, mainly located in Korean Peninsula. The black solid lines present the recalculated

cach region labelled with Arabic numerals. In B,

trajectories across sea, and the gray solid lines present the trajectories before recalculated.
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Table 5 The trajectories that arrived in Shandong and Hebei Provinces in China across the sea in July, 1980

Nights before across sea

h
Duration (h) Total 0 1 2.4
18 15 1 6 8
19-24 48 14 8 26
>24 8 4 1 3
4 5
6
7
21 8 31 40°N
7 8
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Fig. 5 Wind streamlines on 850 hPa in northeastern China at 20:00 from the 19th to 30th of July, 1980
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Fig. 6 The simulated daily precipitation in northeastern China on the 19th, 21st, 24th and 27th of July, 1980
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Table 6 Ovarian development of the 1st generation moths of Mythimna separata in Jilin Province, 1980 (%)

7 22 =27 July 22-27 7 28 —8 2 July 28-August 2
Station I I & 111 v v I I & I v v
Jiutai 78.33 18.13 3.54 0.00 2620 37.60 3620 0.00
Jilin1 5355 44.40 2.05 0.00 2250 5150 1580  10.15
Jilin2 87.93 12.07 0.00 0.00 5353 46.47 0.00 0.00
7 8
1985 24 h
13.0% 27/208 24 h
2 72 h 4142 h
3 Fie5vhHe
1980 2
1
2
2 3
20—21
21 25—27
1978 2 24—26
,2014 2012
2012 1980 2
21.40%
7.67%
1980
>2.5 mm

2011
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