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华北地区昆虫秋季迁飞的雷达观测

吴孔明’，程登发‘，徐 广‘，翟保平2，郭予元’
( I中国农业科学院植物保护研究所，北京 100094:2南京农业大学植物保护系、南京21009s)

摘要:199，年9-10月利用昆虫雷达对华北地区昆虫秋季回迁的观测表明，秋季迁飞」要发生于19: On--115:00时.1乙行

高度一般存300-2n0(im、迁飞方向与风向一致，多为从东北向西南方向迁飞。运行速度和a11 高度成正扣k.迁6个休

的平均运行速度由392.高度的4- 8n:/.增加到21100.处的27.8m/s,空中灯光诱捕表明.甜菜夜蛾和棉铃虫为优势迁

飞种类

关健词 昆虫迁飞雷达观测 华北

Radar observation of autumn migration of insects in Northern
China

WU Kong-Ming'，CHENG Deng-Fa'，XU Guang'，ZHAI Sao-Ping', GUOYu-Yuan'
e I.Institute tit Maut P-team� Chinese A, ,d- of A,r-dtur,I Saence,, Be,p,g 100094 ( hma:2. Uep,vdn:rn, of Cn-

tnmoleg . Nm:7i,g Agrerattar.I C'nrvera办..b',n),ng 210095 China). Act, Ec,l,gic, Sinica.2001,21(11).1833一1838-

Abstract:Flight and migration arc important activities in the life cycles of many insect pests. Most insects

can move several kilometers- in one night even without wind assistance. If the insects climb to altitudes

above the planetary boundary layer to gain wind assistance.ihcy can indeed travel long distances during one

or more nights. The capability of some insects- to take long distance migration makes them potentially ac

cess to their favorable habitats for feeding and breeding.which become a major factor that insect pests

bring the disastrous damage to the crop production. Over the last three decades.insect radar.as an impor

tam insect detecting device,has been widely used in migrauon research in several countries. particularly in

Britain八ustralia and Amedca,and has made many important contributions to the understanding of inset

migration. In China.radar observations of insect migration were conducted from 1985 to 1990 in Jihu八

cademy of Agricultural Sciences and NRI (co-operation with Nanjing Agricultural University) in north-

eastern and southeastern China.respectively ,and provided much valuable information on the migration

flights of the oriental arnnyworm Ofvthimrz, sep,r,t,) and plamhoppers (Nif,p,-t, l,ge>,s). in order to

promote development of radar entomology ht China, a scanning insect radar was established m Institute(.「

Plant Protecti- Chinese Academy of Agricultural Sciences (CAAS) in 1999. Here reported was a prelim-

nary observation result on autumn migration of insects in northern China.

    The CAAS entomological radar is equipped with a marine radar(RA722UA) manufactured in ]span by

Anritsu Corporation and an antenna system of Chinese meteorological 'ad-wrth a m,crocomputer,image

processing LSI.and a custom 131 for processing and storing the echo signal, displaying the radar image

with high bright ness,and for providing various high-level functio- It posseses a peak power of IC, kW

and an operating frequency of 9. 4GHz(X hznd,3.2em wavelength). The radar antenna consists of a doubl.

feed. l. 5m diameter parabola. The picture of the radar observiations is recorded by a computer and a spe

cial camera which can take multiple-exposure photographs.
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    The radar observation wa_, carried out during the autumn of 1999 in west suburban area of Bering

( 116 20'E.39047'N). The daily nh-r-Boris was made from 16:00 of the day to 09:00 of the next day. The

meteorological data during the observations were recorded by a conventional equipment. ()tie of the major

problems of radar entomology is that of species identification of radar target. This problem was largely ah

voided in the present study by making aerial sampling. A 300 W common light trap was set up during the

period of radar observiatton on the top of a building of 20 m height in observation site. The species and

number= of insects caught in the trap were identified and counted each day. The female moth., were dissect

,d to check their ovarian development and mating status. The aerial densities and ground speed of atrhorne

insects were estimated by the algorithm described by Drake. The main results were as follows

    There were only very few insects flying during the day.八edal densities u,,,it, increased gradually

from 19:00 and peaked (more titan 8-0 per million ruble meters) at about 21:00,rhen击opped little by lit-

tie after 22:00. Large-scale southwestward migration were detecced.and the average ground speeds of air

borne insects below 400m agl were 4.8m/s.but 10. 8trt/s at altitude above 800m agl. A record of 27. 8ca/s

was found at 2000m agl. Their flight azimuth was consistent with the wind directions.

    Light-trap catches indicated that the migrating insects in this season were mainly ttuctuid moths

Spodotera eregua(Hubner) and Helicnverpa armigera (Hubner). accounted for 37.5线and 28. 6Y of tcial

catches .respectively. Most of the catches were H. armigera by the 20th of September.but S. e.rtgua dorm-

nated the aerial population since then. Based on the dissection data, 93-7/, of H.armigera catches had no

mating experience， and the rest (16.3式)had mated once,with 77. 6哭of total catches showing mhde,el-

oped ovary.and the 12. 2Y, being sexual mature individuals. These two species cannot overwinter in re-re

northern and northeastern China.so these catches well indicated their migratory characteristic, and capaci

t、

    Among the trap catches. Lo.rostage stictlralis L. (5. 5%)and Agrotis ypsilnu (Rottemberg ) ( 0. 9,/0 )

were also found to be conspicuous migrants in China,whose return migration route from northeastern Chi-

na renmins a mystery up to now. The-se catches provided a circumstantial evidence for their southward mm-

gration.but their source region should still be, determined by trajectory analysis. Some. he-Lcial insects、，、

the catchcs.sueh as Chrysopa septempuctata Wesmael (7.6Y,).Propylaea japonica (Thurtberg) (3.3}) .

H- on“azyridis (Pallas)(I-9/).Chrysop,，，。Tjeder (1. 4环)COC[7ne111,Ptempanclalu L. (n. 4漏)，

showed clearly the phenomena of accompanying migration by natural enemies with their prey.

    Helicoverpa armigera (Hubner) and孙ndoptera。二gua (Hubner) arc the important insect pests in a

griculture in China-Their damage area can be extended intro northeastern China such as Liaoning and Jilin

Provinces etc. .by a long distance facultative migration with East Asia monsoon in spring and summer.'f he

present observation indicated that they could cover a distance of 150-680 km during one night. Therefore.

it was possible that two species the radar observed came from northeastern China.to where the, were ts.k

ing the movement with the aid of East Asia monsoon.

Key words:insect migration; radar observation: northern China
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    迁飞是昆虫从时间和幸间上躲避不良环境的手段.也是导致大范围暴发成灾的主要原因之一 我国重

要的农业害虫棉铃虫、褐稻虱和粘虫等都为迁 E性害虫 因此，研究昆虫迁飞行为对闲明农业害虫的灾变

机制，发展19.域性预警技术有重要价值。由于迁飞性害虫在行为上的特殊性〔飞行高度远在人的目力之

外).如果没有专门设备就无法对其迁飞过程进行直接监测.更不叮能做出定量分析 昆虫雷达的出现为研

究昆虫的迁飞过程提供了一种革命性的工具[’〕20世纪60年代后期开始，英国、澳大利亚和美国开始利用
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雷达技术研究昆虫迁飞，使昆虫迁飞研究山迁飞规律的定性分析发展到起 吃运转一降落过程的定量描

述 一国内则在2。世纪80年代初由占林农业科学院组建了我国第一邻昆虫雷达并观测厂枯虫、草地螟

在我国东北的迁飞， 南京农业大学也在20世纪an年代末与英国自然资源研究所合作利用雷达观测

厂水稻害虫在华东地区的迁 匕’一’‘r国内以前对昆虫迁飞的雷达观测主要是在迁入区和迁出仄.华北地

区则属东亚迁飞场中秋季回迁的过境区，明确其过境飞行中的行为及空中虫群的构成无疑有助于深化对

迁飞过程的认识 为此 1999年秋季对华北昆虫的回迁进行了观测研究，结果报道如下

1 材料与方法

1. 1 昆虫雷达

    昆虫需达为口本产航悔雷达，但大线改装为国产711型气象雷达天线.以适应对飞行昆虫的现测 雷

达蜂值功率1OKw.波长3. 2crr,，发射频率9111。兆赫。天线扫描和信号采集由计算机控制 其间波信号同时

显示在雷达平面显示器(Pill〕和计算机监视器上并定时存储为数字化文件供分析用。全套系统安装在载重

汽车上.并配备 一部发电机供野外作业使用

1.Z 观测地点和时间

    观测地点为位于北京西郊的中国农业科学院植物保护研究所农场(地理位置I16020'E.39057'N:海拔

高度“ 40m)。地势平坦.80m以内无障碍物 于1999年9月5口至10月28口共计进行22次雷达观测、

其中，月13口至16日观测时间为16:n0全次口9:00，其它观测多集中于19:00至22:00,记录雷达观测

期间的地面风向、风速、气温等气象资料

1.3 地曲取样

    在距观测地点 100-的楼顶(距地曲高度20,l，设置一300W灯光诱捕器，灯光向上照射诱捕空中昆

虫 璐捕时间为19:00 7:(100每日捡查诱捕的昆虫种类和数量，并解剖诱捕的棉铃虫雌蛾.检查卵巢发育

进度和交配情况

L4 数据分析

    空中虫群密度和运行速度按Drakc的算法计算‘。

2 结果与分析

2.1 雷达观测

    利用昆虫雷达G夜连续观测表明.8:00~    17。。空中虫量极少 一般于19:00后Pill上昆虫回波数量

明显增加，至21:00时达到高峰.此后回波数量渐降.至5:00后回波数量显著减少(图I) 天气晴朗夜晚

回波数量多.分布范围广〔图2) .9月13-14日和19-28日20:00-21 :00空中虫群密度均在8头/ I' "-

以上 其飞行高度一般在30。二以卜，在2000m高度也有少量个体。阴雨天回波数量少且主要分布上

1200n1以下。9月16日20:00-21:00在阵雨期间观测.空中虫群密度平均仅为。.7头/ I0"m 观测期间主

要为东北风.利用多次曝光法获得的间波移动轨迹显示，昆虫的迁 吃方向和风向相同，即从东北向西南方

向迁飞(图3l"运行速度和飞行.高度呈正相关"9月中旬晴朗夜晚的观测结果表明，飞行高度 100m以卜和

;86m以上的个体的平均运行速度分别为4. 8m /s和10. 8m/s(表1)

22 昆虫种类

    9月I()日至10月28日雷达观测期间.空中共计诱捕中、大型昆虫57R头 其中甜菜夜蛾217头(雌蛾

32头〕，棉铃虫165头〔雌蛾75头)‘分别占37.5%和28. 6%。其它种类主要为大草岭、草地螟，旋幽夜蛾，

黄地老虎和龟纹飘虫，总计占25.8Y,〔表2)。从时间动态上，，月20日以前以棉铃虫为书.9月卜句以甜菜

夜蛾为主。自川月初始.空中迁飞昆虫数量急剧下降(图4).对诱捕的棉铃虫雌蛾生殖系统的解刹表明

83.7 的雌蛾没有交配,16.3%的雌蛾交配1次 卵巢发育1级个体占?7. 6万，3级以上个体仅占12.2'/,

具有典型的迁飞昆虫生理特征

3 讨论

3. 1 棉铃虫和甜菜夜蛾是近年来华北和东北地区的重要害虫.其在华北北部以北地区不能越冬，4年春、

夏季随季风迁人’‘一歹对棉铃虫种群适合度的研究已表明，第3代棉铃虫8月中下旬在华J匕北部以北地区
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蛾群随风所至之处也是其葬身之地，

处.尚待进一步的轨迹分析才能确定

囚草地蚁的分布南界为3i"N 本研究期间所捕到的草地螟蛾源自{叮
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              图4 雷达现测期间卒中诱捕棉铃虫利甜菜夜蛾的数晕动态

  Fig. 4 Populzuo�。助tamw} of ron}}� bollworm -d bee army-n, rapmred by L妙It

                        ,rap dunng d:,y of radar ob..... -ns

                表 1 雷达观测期间空中灯光诱捕的昆虫种类和比例

table 1  Composition of catches from a zenith-pointing light trap on n building (20 m agl )

                                    daring the observations
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数量 比例(1)
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33 人敌伴迁现象已有诸多报道一，

等。本研究期间所诱捕的其他种类中
如黑肩绿盲蜻和小宽蜷「〕’11二、蚜茧蜂L,
1L种天敌昆虫也是我国北方最常见的种类

”、草岭和飘虫类 ’

它们随气流 与其猎牡

起1.1迁 表现出不同营养层之间的协同进化
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