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BRBRAOEREBREBXE2EEES  HEESUTIBNEERBL » FTTRE
£4E 3 AMAEERNLARERITEAEM o AW 2 BAERES NAEBIEA « 8
AR~ MELUROH 5B I HBAZR LM o bl 1985 F 1989 EEEHIENFTHE
HAMERET  BRBRATREEETREEIZ S AMANMBATEERE » TEE
ABMROATAZETATA - F—BANBE2E408FE FEBABKBO6E IS R &
BAYERRSEEEFELA ) BAERAFAHHSHM (air-borne net trap) Z 20 &=
BAFHHE (suction light trap) 2 73 £ o HRBABRRUSHAHAPSENMRE 1
HERENEE N BAY | FRARABABERAZASRE-BAR 2SI RE - 8
RENBAEHNTHEIOR BN ZBAY » MENATELRRESE - 2785 BREBRAY
REBAZEZEN TESRSAEE - EERNE (QERE -~ S EE - BEEEE
REER) -~ BEEREREIANEEE « EEHMEHNISEEE S EARNESBEE
' £ 850 ERSRHBEIEREEMMEFARES AER » BEE km/hr I 1 » WHEM
EEHHE ; KBRIBTEAETREAN Y EHEERMTEESE ) BEE ITC YL &
WEREEGRAREIESRAR » HTAXRELE 19km/hr k- BEE 22°C YL
BHEBHZRHE -

(AR | AME -~ AERT - REEED ~ FREH

2

#%

WARE (Nilaparvata lugens Stal) B O RE (Sogatella furcifera Harvath) SEBR
KEEEES - EMEESNEL HBERKEEEEE  E—RBR/TEZEMAL BT o HIEK
RS R ERARHERBEN ZKEERBLR « SR URSF R EREEEEERT
(Chen, 1984) » 3—77H Wang and Ku (1984) » JlE#RBIT LB BRBHER 2T
HRPER BZAFME » WHASBERTEIHRBCREEEAZVE -

ARBRBROETRBXEREMEBZRKEN 1967 £7 ARABAEFMNEHK 500km
EEASE MM LS (FIHERER - 1968) » 3% Kisimoto (1971) R HBRAEBREH »
YRBRBHEAERBEY IAZEEEHURBARRZSES S BEREZMRET —EEHR
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Table 1. Flight behaviors related to migration of brown planthopper

LEEZHME
KISERTIHENHE (B% » 1979; Jeffrey, 1982)
2.5 ¢

72 27.5°C WEAREALIE 23 /NFE o HEAFS 215 NFF 5 78 20°C s RAAMEHR 40 /Ry IL
IUSEIE R 1~2 % 0 KR 5 MBI 34 I CKAMR - 19735 BE1979) o

3IRATHE SR BE BOBTGREE
10°C LIFRMRAT » 165°C A 50% FIRAT » ERRER 85% RH (RAR - 1973) o
4 RETREFE

(=R EEE 18°C Bk o £ 10 = 401ux > BE 50 = 80% RH e
aeyepedns® 100 lux B/ 101ux » BUEEE 5.6 m/sec. pAEEEEMR (Kisimoto,
1984) o
QWi :E & EPREEEER > XE1E 200luxe
& 7 U R EEIET > Y 50 = 1,000 lux s HEHK 20°Ce
i K HEBIGR > L 50 F 4,000 lux » BEK 18°C (Kisimoto, 1984) °
2E M o FE17:00 F 21:00 BE; SRS 18:00 = 19:00 e
i 2 04:00 = 08:00 B 5 HIERY 04:00 = 05:00 B o
(Perfect & Cook, 1982) o
hEARE | ERKESHERRNGIER  KAKSrHREER (8 1981)
(3)RE T doe B B/ NV RIS K » TR/ - Uk 11 km/hr ERZM (RARE
A 1971) -
5. e RITIAA ¢
OEABRRAT :
a. 7£ 165°C, 85% RH 15 FASBMRTEATE 10 IREA > RELER 23 /M (
KA 1973) o
b. ENEAREREITHB4E 45 o
mREEEREISS 1075 /K (Baker, et al, 1980) o
@RI & BIAFERL S
FAERRASEE 24 T 26 /N FAERISHEE 14 X 16 i (Padgham, 1983) -
KB EBBIER
22/ 30 B (Rosenberg & Magor, 1983) -
6. BREEERFE
OETRT— /NS TR 1 /NSO TSRS RSB 2 5% » IOAHOR 512 7 8 B EINHE 287
(Baker, et al., 1980) o
@R 23 NGB EEABEY 29% (Ohkubo, 1981) °
TAELERRITRE &
FRE 1,500 F 2,000 m » FA%E 500 = 1,000m (¥ 1981) » 47 300 = 2,000 m (
Zhu, et al., 1982)
8 KB TRIERE
¥ 300 = 1,700 AH (2% 1979) » 500 = 600 AE (BRH > 1987) o
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(Kisimoto, 1976; 1979; 1984; Kisimoto, et al, 1987 ; )15 1988) o At thEARERI
1973 FRRMEMMREBZ BB METHE » BETHHEEBEHR » YRNERBEPEARZEBRE
DRMEZES G (RS> 19795 1145 » 1981 ; 2BIRSHARFIGIESR » 1979) o B—HH Cook
& Perfect (1984) RINBATHE S IEABBEBRESZEBHR » M Rosenberg & Magor
(1983, 1986) RIFIFEISEAB ST BRBAEREELER o Rt LW EFERRBESETHTE S
EBRBRNCEWE o HBRRES BRT G UAREREF INE— o

ERNEREE AERBALER BB 28 o & (1976) B RS ERBRE TR
BRERAZBLRLHEBRFZPE  BRRZSERAEE 2 BBEN  BIHAR 1978 458k
FERAOEZTHIE (Liy, 19845 2(1988) ; HEEHRBEARSFTN 1982 4 (BRAER » 1984)
R ZEHEMRREZERR BN 1984 £45 JIAEER « thRILHETHE (2% 1989) o A%
HERTEREREARS AR BEHEERBR AT RBBEALZFHIE BN » UREF|HEA L
REBEM RS ITRERIR R » LIERERE o

MoE B H &

RIUBRE R AERBZBARR » RESBRERAR SFENEY HBELWAHAME (Air-
borne net trap) R%AF#E (Suction light trap » 55 Johnson suction trap [jn—=
30W JREENE) £—FE (1985 ELIBKRRE) o KM BMEH Kisimoto (1976) prayst
ZoMOER 1m> MR 15m PEZEHREBER » DHERREHaZEE  BRZEE
R 0Om > SEERRERZ L DBHRAR s Mo TrRERASE » FHREREARB LS o Bk
28 A 8 Rl —K » WHEEIE BRI - RAFABRIRER 0B S/ EH BBBIK » RKa
8 P SEFRHE AR BRI ©

Br BRI SRS 0 REKBARRARBERBEA FREA B2 M0 (Kisimoto,
1965; 1976) - ZEATEMEAT EH EWBAE (20X26X10 cm) » KBS LE4REK 1em
W—ME > 3Ll 32 HEHMEER 0 DB T eS8 M o ABAEEK 3~4cm 5> WA LRK
BUSFREFEA o KBRERBERBEREFESFED » HHE 50 2 » BRAFHBHEYES 500
AR FHEEFENEIRE 8 8 » MEEEHEEHK S RE TR » 0K RISHTERAEE o XS
Wl » WEOKBREBRNFEGHBEFE  FE28BTE—  SRELEH—K o« BrhZ KAl
BER—K - AEHZBRB R AERBEZBEHEFTE—R » FHRNFE MU L FEHEUE40
b oERE 3R L

BRBRER AT REEA FPIE » RRERBYTEERRL (15> 1983) » HEASHA
A BER R LR A6 5% (Kou and Chu, 1984; Claridge, 1978) » A
FHRAPERER BAZHE » DEEBRRBER 2 MM (Ink—) » SHaRCHEANE T
R 2B (BF 19795 A% 1982) DRERREER > REBESRERSHALEAL
HIE 28R o ARZRRBRZ BT RES A REBERRIREL -

E‘ﬂ:
2

BRA

—  BRBEEROTRAEARAMEZ(EA

RESEZEBHRSZEBER » LA LEAR=EFTEAR » EAHESENER ZRSFEY
AERRUNERBBNERZ  MRECRBRBERENEBAZIRT  AREBRAZAETH
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ERAZEBRARE » REEREZERATER TR KTEN THAT TRERREE (Kisimoto,
1984) - RIRMAT F » FANER RPN BEBEMBNAEEAATLEN o Rl =miETit
ERREAT R » ARREIHEEEIES A (Jeffrey, 1982) » FEREIARE 21 &bk
RA4APHESATH MEAERG6A LAETH  HEE (BWH - LE-BE—H) R7AL
HEP MERIEERIEH[/7ATHES A LY (B%1979)  5—TE5EEBHEES
HHRREEA Z RGN EIAREMBRZEEAR » B2 1,500 = 2,000 ARZEERE 16.5°C
Bl (HESERER 24°C M E) » AERBEFTEEAZEEIEE 4 A X 8 A M » HitAR
BIANRREEZ BAW T ERUERE—FEY o

f—E0R 1985 2 1989 45 5% 8 AMANAN ANE A MERRBAECHEK » S#FEEEL4
ARz HERREARABRE > B—RMS » /£4 AMREETRE 122 €54 5 ARHBER
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Fig. 1. The number of brown planthopper captured by an air-brone
net trap at Chiayi during immigration period.
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RAER 0 % o MM SBB0R S HINAEEM 2 E 4 KA% » WK » (B85 2 80 A BQeRE » B
FENRZHERIIREEEA o 0 1985 45 hE T LT sS4 g 5 35k » 1986 RN
BB > 1987 4245 4 BBBMKR » T 1988 B 1989 E¥93 7 A ISHAH B — I BEATHIED: TR
BESES AMRWAB BRI MESL » HEREK >t 1985 = 1989 425 FIS 770 ~ 14~ 169
Y69 B 21 £ RSERA L HARER 55 {524 o

TEFE P E — I ER B 7E 6 A T4 A » BRECE S — MR B R o
TR BER AR 13 2 BRTEREA B SmAESA » $ASSEEE » REREHEE
R BRUSF RS BRRE (8 1990) - BREMEBNREZ KB REFHAINE
BOREIRG (BZ) - A% (1989) 75 1987 4ER% ~ 3% BA » EHSHLSEA RS
W RRBRRE B EE 2 AR LB R > MREREIL 2 AiEeT 1987 46 4 22 =
25 HARBEEA N FRNEEARE ()15 1988) » WERKHRES (1979) HEE
BREREEEBHRNLBARNAGENZRERS TR WEKAHER  WAEERE—H
BRi% 2 WRMRKEMAFR Kisimoto (1979) Fifl4 BN BRAREEESFIBLBENYE o
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Fig. 2. The number of white backed planthopper captured by an
air-borne net trap at Chiayi during immigration period.
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RIEE B BT R S R o (B LRI R o TR S e 4 SR ek PO R e ¥
RERENEBA IR RTE o

EFEHE S — IR A S RBEERIE » (5455 = 8 AR AELE DB HE
s I RRBIER  AERREE L @) - ARERGHERE LN RRET 2%
BAESBHRE » MEREZHEARBILAERIREA » HTERBHMTFEFS - #5 =8 A2M
WHRETE > £ 1985 £ERBZHERBALERE 16 £ MRMR 1986 = 1989 F£RTREA
LIRSS » S SERESAY 1853113 & 29 { o ATLERERE M %
BB » RIZERY (i FREE BT IS R LLHI UL A AR » $% Kisimoto (1976) #& REREZ
BERAEEHERBBSE RS2 S o WHERRTHERBERIC RAE DTN AR
%8 o
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Fig. 3. The number of brown planthopper captured by a suction light
trap at Chiayi during immigration period.
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WA BENTENEHE  LREBASBEL Y 1985 £55 « B—HHhEBE =& A aBHuaR
B R AT B RO AT ST SIS R s —BERTSHRBERESEZ A RABAB S
WERRZEEE I (ERRERENZ 1E 2 BfERME; 10 1987 426 A 25 ARSAHAN
ENFRIBIR AL » (AR FRBAIGE—K AN s AEFREABERTA 15 B » HEESTERR
BARKREARTERNERES @BAM (Kisimoto, 1976) o
BUROERBERAFRE T RZHEERY » SBSERS HEAEEVE > (ARB=SEEA
TR BRI > AU B AU S B A R 2 —3 s I 1985 SEhRiEH AR
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Fig. 4. The number of white backed planthopper captured by a
suction light trap at Chiayi during immigration period.
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Fig. 5. Fluctuation of macropterous adult brown planthopper in the

paddy field in relation to the immigration waves detected with
the yellow water-pan trap and air-brone net trap from May to
August. (Cicles in the figures indicate the immigration waves
detected by the air-borne net trap)
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B BERBERBBRRES - £—PHEE—BA » MXRCKBERTXHAMANARA
B2 AR B AR TR m A > BHTRERWNAMN SRR E B o WTREENGKRER
BERFREPRE2EIR (B8 = F) BE—KER > FURRECABRRITEHERE
HEEA M o FRRAT RS MBI RE S RBIETE (Perfect, ef al, 1985) o fbitehAGERTR
BRI R % OB FRBEREGE » TRKBEEREH NRREARZ B R HEER
REES 2 BRE o BEYREREEKRIFAFANBABZREY » AR LEFUE HHERBEZ S
FREELR AN AEARBHBMUNAREE LT

HRRRERAE R SRS 2T HARER » RANZIRARES BEASBRR ZF40 » B
REBEEREE » RZAUEIE  MELEDRE (B o EFBRENRRIRE—HEkEREE
ROBRRBEHTE > RUVKBZBRFIEETBABZPERK - KESERZBANRER
BB RERR G  BTRREEHERAKNER  BRKSREHIEHNES » (LR ABHR
RIR B2 S AR o FIEERBRBZ 2 B R AEMREAREM o Kisimoto (1979) #ENBR
AEBHME 3 XALXAMERBEE K SRBIALKERRRAZERABRMZIREKREHFH
S RPAFLIHEM -

FHARHE  BRABABRECKBEBRBEAY (AENAM) ZFHREZMARMNE
o P —RABH B BRILB AR » RIFHA M SMREGH &8 2 W BB R E N - TR EK
2 WS HO LR E R S R R BN TEE o FUEA HREBEBEAEILE ) MK
HARBE ABBARXFHBLHCABRBBEN 6 R 7 A REDHEN ; HRXFRBRREK

£ FERMMEA NS ME SR ER R B A%

Table 2. Correlation among number of brown planthopper (BPH) captured
by three kinds of traps during its immigration period

Correlation between F value rt

1. Number of BPH caught in each immigration wave.

Air-brone net trap vs. Light trap 8.9926* 0.4265
Air-borne net trap vs. Yellow water-pan trap 0.2599m 0.0212
Light trap vs. Yellow water pan trap 0.7241 0.0569

2. Number of BPH caught during immigration period.
A. During June

Air-brone net trap vs. Light trap 7.7884* 0.7219

Air-borne net trap vs. Yellow water-pan trap 31.9338** 0.9141

Light trap vs. Yellow water pan trap 2.5382ns 0.4583
B. During July '

Air-brone net trap vs. Light trap 109.4048** 0.9733

Air-borne net trap vs. Yellow water-pan trap 6.4367* 0.6821

Light trap vs. Yellow water pan trap 3.3481rs 0.5274
C. During August

Air-brone net trap vs. Light trap 0.0364" 0.0120
D. During June to August ’

Air-brone net trap vs. Light trap 64.1408** '0.9553

Air-borne net trap vs. Yellow water-pan trap 9.5678* ©70.7613

Light trap vs. Yellow water pan trap 2.0322rs 0.4038
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B2 B AR EE 8 AR REBEANSE R » BRI R ERR A SRS e
B o Kisimoto (1979) REBLMEA SR SMRRERFANEAR L 7 » ERFTHNZHE
RERF— AT FOBARS ; T KRR EMARMENREY » RERRBE
SR B ARRECKEBREENEABE LK - ATMAEBBRR A EREZBAEIER 6
ATHAETATH » RIS & — AR SRR ~ Kokl ~ 3 R IR
s MRS LRk e kBRI HARRNSRELPE  NEEIFRE (5 HE6 AhaFs £
FEAMK 6 b= 7 A k) B o RLEER BT + N R E R E S T i
Kisimoto (1979) Z#Eak » {EHfHulE R LA S 1 S R SRR B 2 7 bk e © ISR
WA BT SR RN ERAIEA » BN ZBABIRER » TIRAFSEFHEE
A AERBURET » RTINS 2 RAS » BT BMAN A HREZRE -~ ARATTAR
(R P TR B o

SR AN ~ BAFHBREEKBEBAN R EERBBE S IAERRNR=
WA 533 SATEBYIR A ERH AN LEHIARE > £BENT 6 F 2P BRSNS
HAIEIE 50% » RTIHEKBNBEANIM SR 30% » (A2 HEN S5 LT RRE
42% %A BERAEK FEETEE AT FH 2L eI #ARE o I KRE Kishimoto
(1976) MABRBIERAE - FANHHMRE B2 S 594K BBz 43~ 46 &
10% Mt » RIATIA HE S/ SRR SR B s BT 1 L B39 B o

-~ BEARRMEZRREHIN
B 1985 Z 1989 4R 5 8 MG M SR A T BB R ME L 0 REBCREE

#= ERMHSERAREEBRENN T

Table 3. Sex ratio of brown planthopper captured by three different
traps in paddy field

Female ratio (%) in

Year
Yellow water-pan Light trap Air-borne net
trap trap
Captured during immigration period
1984 17.7 59.0 41.1
1985 40.3 53.1 49.4
1986 50 54.2 45.5
1987 30 46.3 56.5
1988 25 35.6 46.6
1989 14.3 39.1 57.1
Average 29.6 47.9 49.4
Captured in a whole year

1984 41.4 50.2 47.2
1985 42.4 48.5 47.5
1986 41.4 48.1 50.7
1987 44.2 47.8 53.4
1988 42.4 40.9 49.9

Average 42.4 47.1 49.7
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ZERBW > MESELRMER 850 BE KK BRINEN o KERERMERS S8 TEL
FRRIEE 5 BEER ~ ERBERE ~ AERNE - SIS BRI S0 o 84 R R REa R RE
 (R) ANRBREEBAZEHE ZHEE—FSHWT

(32m% (Frontal type) : #EEME > #H 3 EEIES# (Cold front) R¥EEsE (Sta-
tionary front) FERME » RIEBERE » MAKEIRMEE « #EBHHANAETSESR
o H— BEREREEN > AESLEEEREY  BESSBHATBNEERR ; B— BH
BSRALAEFE R A 0 » $2TE e AKREMT B IS TN BE ) KSR BEH T RBRILER o £k
B R 68 REABF - H 22 REZHWAFTHE Kbl 16 REABBEKSE (&
m) o KHBROSAREIR 6 HE 8K TR8AESFIB2R 3R TREGHNS5E6 A/
FEE I MERBBANRRER L —o

HHMEEHIRS AL bl » U BEBREZRRBEN O U BB » (HHENE
HIBAL; B » WWATRER BHI SR S T3 o TABZ M MARNES B AL » LUHEHI1987
646 HE9 H2HERH » REBHIUGHBRER B ERESEZ MRBH T  fEHmE -
*HRE6ATH 20 REEEBEAERERE (BXA) »R6H8H 14 F 17 B MEAEst
B HER SR 7 H 7TRBARKE R TR =8 15 B 30 4 ERMEH 7 BERN
A8 HIRE 40 52 12 I 45 SERA » 3 38 mm o 78 850 EESEEEL » K7 H 20 k%
{EEERERR (Depression trough) RikKEEEEE » BE 27 F 36km/hr » HEE#E 300 km
» IR 110° [mEIEE MR » SRR 8 B 15 T 20 BEEAESRME » BWEh 18°C & 15°C
o REERIAREILR » BERTHE 9km/hr 45 o EARBETZHE » SANBSHER
AFRER6ASHESH (R4ET7 AREME) HABARG (LR 9IZE 11 AREABHEE
BRa 2~2 R 1% ANRE 155 R 2% RAFHBASJIBERRE 3624~ 3 1
TR, 76~ 62 R 5 & o # EMBK VN AR BAB 2 BHHSHI UL R BEBETE - S
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Fig. 6. Moving pathes of two different frontal system in relation to
the main catches of planthoppers at Chiayi. (Main catches of
the planthoppers were recorded on 8 and 9, June in the chart
A, and from 22 to 25, June in the chart B).
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Fig. 7. Moving pathes of typhoon in relation to the number of plant-

hoppers captured by the traps. (The crosses on the moving
pathes of typhoon means the location of typhoon center, and
the figures by the crooss indicate the date, while the figure
inside a cicle between two crosses means the number of plant-
hopper captured by an air-borne net trap)
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850 mb weather map
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Fig. 8. The center and the outmost circulati.on of the westwards (A)
and nothwards typhoon (B) as the main catches of planthop-
pers appeared at Chiayi. (Main catches were recorded on 24
and 25, June in the chart A and on 14, 15 and 16, July in the
chart B).
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Fig. 9. The weather conditions of a tropical depression (A) and a mo-
bile depression (B) on 8350 mb chart as the immigration waves
of planthoppers were detected at Chiayi.
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Fig. 10. The weather conditions of two types of depression zone on
850 mb chart as the immigration waves of planthoppers were
detected at Chiayi.
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Fig. 11. Two types of weather conditions on 850 mb chart for inducing
the southwestern air stream in the west coast of Taiwan as
the immigration of planthopper were detected at Chiayi.
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Fig. 12. Two types of weather conditions of subtropic high on 850 mb
chart as the immigration waves of planthoppers detected at

Chiayi.
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DETECTION OF THE TRANS-OCEANIC IMMIGRATION OF
RICE PLANTHOPPERS, NILAPARVATA LUGENS STAL
AND SOGATELLA FURCIFERA HORVATH TO THE
SOUTHWESTERN TAIWAN AND THEIR RELATIVE
WEATHER-CONDITIONS

Ching-Huan Cheng! and Jui-Lian Lu?

1. Chiayi Agricultural Experiment Station, TARI
2. Cetral Weather Bureau, Chiayi WeatherStation

The brown planthopper (Nilaparvata lugens Stal) and white backed planthop-
per (Sogatella furcifera Harvath) are important pest insects of rice in Taiwan.
It has been known that part of the phanthopper are able to overwinter in the
island, while the other individuals can immigrate from oversea every year. Pres-
ent study is aimed at detecting the fact of the immigration of the planthoppers
into southwestern Taiwan. Analysis of the data collected with the air-borne net
trap, suction light trap, yellow water-pan trap and field survery from 1985 to 1989
revealed that the immigration of planthoppers occurred from April to August
with particular distinctness in the period from mid-June to the end of July. In
general, each immigration wave lasted for 2 to 4 days, but the frequence of
immigration varied greatly among years depending on the meteorological condi-
tions. Thus, the total number of the planthoppers caught by the trap differed
remarkably. The maximum catches were 25 and 73 times of the minimum for the
air-borne net trap and suction light trap, respectively. The air-borne net trap
was more effective to distinguish the waves in the year of mass immigration,
while the suction light trap was more reliable in detection of minor immigartion.
Therefore, the combined use of the air-borne net trap and suction light trap was
the most adequated for estimating the time, waves and density of immigrations.
Analysis of meteorological factors and the immigration of planthopper to south-
western Taiwan showed that the associated weather conditions might be divided
into frontal type, depression circulation type (including tropical storm, tropical
depression, mobile depression and depression zone), southwestern airflow type and
subtropical-hight circulation type. In addition, it was also recognized that dis-
tinct immigration was often associated with the following meteorological charact-
erestics: 1) On the 850 mb weather chart: the southwestern to northwestern air-
flows with an averaged speed more than 9km/hr was prevailent in southern China
and Taiwan, or a southern to southeastern airflows extended from northern Luzon
to the west coast of Taiwan, when temperature was over 17°C; 2) On the surface
weather charts in Chaiyi: rainy, and the southeastern to northwest winds at a
maximum speed more than 19 km/hr blew for several hours, and temperature was
over 22°C.

(Key words: Brown planthopper, White backed planthopper, Trans-oceanic im-
migration, Weather conditions)



