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Abstract: During most years, there are only very small immigration of rice planthoppers ( Nilaparvata
lugens and Sogatella fercifera) into the rice planting areas in northern China. with and no direct causality
between the outbreaks of rice planthoppers in southern and northern China. But in 1991 ,huge populations
of rice planthopper arrived at the coast of Bohai Sea,which is 1500 km from the planthopper source area.
What carries such large populations outside their normal areas? Where and how did the outbreak
populations develop? Are there any early warning signs of impending large scale invasion of rice
planthoppers in northern China?

Several studies have indicated that the maximum sustained flight time of planthoppers is less than 30
hours with no re-emigration. So,the prerequisite for planthoppers flying over 1500 km during 30 hours into
northern China should be that there is a sustained high speed (more than 12m/s) southerly air stream (.
e. low level jet,LLJ) across the mainland. If that is true,LLL] will be a useful forewarning indicatior for the
immigration of outbreak populations of planthoppers into northern China. The authors’ recent research
confirms that there are LLJs,especially the large scale LLL]J,during the planthopper migration seasons in
eastern China. Now,the question is whether the LLL] really determines the areas invaded in northern China
and if the presence and location of ther LLLJ could be used to assist in the prediction of major migrations?

The current study used the digital synoptic data and light trap catch data to analyze the spatio-

temporal distribution of low level jet (LLJ) and the migratory trajectories of the major immigrations.
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There was a coincidence between spatio-temporal dynamics of LLI.] and the emigration areas and periods,
with the spatial scale and duration of L] running south to north.,with the storm belt on its leading edge
being the key factors and possible trigger of rice planthopper plague in northern China. Emergence of such
a LLJ would be a forewarning of a likely northern outbreak of rice planthoppers. The sequence of events
leading to the large invasion of rice planthoppers in northern China during 1991 were:

Firstly, a large outbreak of the planthoppers in northern Vietnam migrated into southern China in mid
May.

Then,the unusual Baiu event came nearly one month ahead of the expected time,and lasted for longer
(65 days). This caused an earlier occurrence of the planthoppers (30~ 40 days ahead) and an extended
period of warm.clear weather in Yangtze-Nanling region controlled by subtropical high. The result was
that the immigrants into this region developed to a huge source population migrating into northern China
eventually.

Meanwhile,a well developed LLLJ at 850hPa appeared in mid May,having wind speeds of more than
20m/s,and stretching much further north than usual up to 28°N. The jet was sustained until the 10th of
July and arrived at 35°N with speed of up to 36 m/s. It was then weakened by the eastward retreat of the
STH and the Baiu finished on 13th of July.

There were no further LL]J until a trough developed over the upper reaches of Yellow River on the
night of 20th July. Influenced by the trough.an eastward moving surface depression formed and a strong
LLJ developed at 850hPa,stretching from the southern coast to 43°N and with a width of 200km. Heavy
rainstorms occurred in the coast areas of Bohai Sea,Liaoning and Jilin provinces with the passage of the
depression. The depression and storms passed the mainland by the 23rd of July.

In the first week of August.a L] developed in eastern China but only reached 34°N.with no further
LL]J events during August.

It was quite clear that the outbreak populations were transported by the LLJ of 20~22July and the
rainstorms in this period concentrated the airborne planthoppers into localized plague infestations. A large
scale and sustained northward L] during the period in mid July to early August will probably be the
trigger of the plague of rice planthoppers in northern China,providing there are enough source populations
in northern Vietnam and southern China. Of course .more case studies are required to verify this hypothesis
so that the LLJ could be a useful and operational indicator to pre-warning the planthopper plague in
northern China.

Key words: rice cropping area in northern China; Nilaparvata lugens and Sogatella fercifera; outbreak

populations; low level jet; immigration
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Table 1 The first immigration days of rice planthoppers in 1991
First immigration day
Location °E °N 1991 Mean Departure Species
Longzhou 106. 75 22.37 04/11 04/11 (10) 0 WBPH
Zhaoqging 112.47 23.05 02/28 03/23 (9) 23 WBPH
Qujiang 113. 60 24.68 03/21 03/30 (11) 9 WBPH
Huishui 106. 65 26.17 04/15 04/21 (5) 6 WBPH
Tongcheng 113.75 29. 25 05/06 05/23 (10) 17 BPH
Ji'an 114. 70 25. 68 04/10 04/27 (10) 17 BPH
Fuqing 119. 00 25.00 05/20 05/28 (7) 8 WBPH
Huangyan 121. 40 28.62 05/22 05/23 (12) 1 WBPH
Shantou 116. 68 23.40 03/25 04/05 (10) 11 BPH
Xioushan 108. 95 28.45 05/19 04/28 (12 —22 WBPH
Hexian 111.52 24.42 04/07 04/19 (10) 12 WBPH
Taicang 121.10 31.47 05/30 06/14 (11) 14 BPH
* The figures in brackets are years counted
2 1991 (12 )
Table 2 Monthly immigration of rice planthoppers in 1991 (average of 12 stations)
Light trap catches
Month 1983~1994 Means 1991
BPH WBPH BPH WBPH
3 4 44 8 38
4 34 92 16 124
) 1151 3658 8563 3399
6 1124 5824 364 5200
Total 2313 9618 8951 8761
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Fig. 13 Trajectory analysis of outbreak populations of rice planthopper

20~21 24 h

trajectories of 21 July.
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24h fore-trajectories of 20~ 21 July; b.

same series number as in table 3 and shaded area indicate the source area
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Table 3 Trajectory analysis parameters for immigration populations of rice planthopper in Northern China

Starting point of the trajectory

No. Longitude (E) Latitude (N) Starting date  Starting time  Duration (h)

1( Jian) 114.92 27.05 07/20 18:00 24

2 113.00 27.00 07/21 09:00 24

3 112.00 29. 00 07/21 09:00 24

4 111. 00 28. 00 07/21 18:00 36

5( Tianjin) 117. 20 39.02 07/21 19:00 36/24

s 56d. 27 »15 s

12~19 30 7 14
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Table 4 The average flight ceilings (corresponded to 16 C , the temperature threshold for sustained flight) of northward

migrating rice planthoppers during 1986~1995

C /) Average flight ceilings (m)

Duration

(Month/day)  Yaxian Weizhou Wuzhou Chenzhou Huaihua Nanchang An'qing Fuyang Zhengzhou Ji'nan  Beijing
03/11~20 1683 — — — — — — — — — —
03/21~31 1826
04/01~10 1869 — — — — — — — — — —
04/11~20 2064 — — — — — — — — — —
04/21~30 2073 1637 — — — — — — — — —
05/01~10 2020 1823 1570 o
05/11~20 2119 2133 1709 1525 — = — = — — —
05/21~31 2242 2113 1912 1575 — — ' — — — —
06/01~10 2233 2204 1850 1775 1838 1688 1603 1622 1579 — —
06/11~20 2256 2286 2048 2392 1876 1926 1734 1594 1764 — —
06/21~30 2232 2353 2220 2380 1958 2053 1830 1941 1925 1514 —
07/01~10 2016 2347 2566 2295 2200 2298 2114 2020 2013 1785 1637
07/11~20 2059 2298 2106 2100 2308 2433 2187 2246 2141 1962 1668
07/21~31 1963 2234 2087 2057 2257 2227 2116 2173 2288 2285 1813

* 1000hPa, 850hPa 700hPa The ceilings are interpolated from the standard
meteorological data of 1000hPa,850hPa and 700hPa
3.4
20 60 , , 1955 1958 e,
1991 o s s o
1991 s

e, ( ) (G



1308 22

(1]

[7]

[8]

[9]

[10]

[11]

[12]

Tang J Y ( ), Hu B H ( ), Wang ] Q ( ). Outbreak analysis of rice migratory pests in China
and management strategies recommended. Acta Ecologica Sinica (in Chinese) ( ) 1996, 16(1): 167~
133.
Zhang B S ( ). Outbreaks of rice planthoppers in Tianjin and control. Tianjin Agric. Sci. Tech. (in
Chinese) ( )y 1992.,(1):15~17.
Feng C H ( ), Zhai BP ( )s Zhang X X ( ). Re-emigration capacity of the brown planthopper .
Nilaparvata lugens. Chinese J. Rice Sci. (in Chinese) ( ), 2001, 15(2):125~130.
Deng W X ( ). A general survey on seasonal migrations of Nilaparvata lugens (Stédl) and Sogatella
Jfurcifera (Horvath) (Homoptera: Delphacidae). Acta Phytophylacila Sinica (in Chinese) ( ), 1981,
8(2): 73~8l.
Zhai B P ( ). Tracking angels: 30 years of radar entomology. Acta Entomologica Sinica (in Chinese) (

), 1999, 42(3): 315~326.
Wolf WW, Westbrook JK. Raulston J, et al. Recent airborne radar observations of migrant pests in the United

States. Phil. Trans. R. Soc. Lond., 1990, B 328 619~630.
Sun S Q ( ). Low level jet and heavy rainfall. In: Anon eds. Researches on Heavy Rainfall. (in Chinese).
Changchun: Jilin Renmin Press, 1980. 40~46.

Wang H J ( )s Guo X D ( ), LiH S ( ). Outbreaks of rice planthoppers in eastern Hebei.
Plant Pest Forecasting (in Chinese) ( ), 1992, 12(1): 58.

Feng F S ( )y Wang C S ( )y Zhang Z T ( ), et al. Cause analysis of the 1991 outbreak of rice
planthoppers in eastern Hebei. Plant Protection (in Chinese) ( ), 1992, 18(4): 48~49.

LiRD( ), Ding J H ( )y HuG W ( )y et al. The Planthopper and Its Population Management
(in Chinese). Shanghai: Fudan University Press, 1996. 83~124.

Cheng J Y ( ), Fan D Q ( )s Bao Y X ( ), et al. Trajectory analysis of brown planthopper
outbreaks in the eastern Hebei province. Chinese J. Agric. Met. ( ) (in Chinese) 1994, 15(1): 2~
o.

Zhai B P ( ). Excitation mechanism of rice planthopper plagues in northern China: a hypothesis. .J.

Catastrophology (in Chinese) ( ), 1995, 10(3): 23~28.



