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T2 MARIAFE (CAFRC Spec. Res. Bull.) 4 :1-47 (2013)

BI1E

AR, EEERER B B OIKITE, A 7 E R Mg
LEMPALICHBLATING r—ZAB2H LT 5 (i
w5, 2011). FEEORETIE, HER O TFHKNIE
21004F % TI214~58C L H T2 L PHINTEY
(IPCC, 2001), Z o &9 ibIRiRBEALBIG L, FHRE2E
D7z BRI OG A OZALR WAL ORI, 7 Ty & olF
O3 NHEIEREZ LT L>22H 5 (Yamamura and
Kiritani, 1998; Yukawa, 2000; Kiritani, 2006). Z1L5®
BIRARE 2, BAPENCBIT 2 BIEYOREREHZ O
LIEIL, SHBREOICHHIML»OERILT 2 2 LA PR E
o, —J, EWRWRREL[EOHIEITMA, HHRAD
DM S MW 2 ERFEROANLEDBEEINT
WBIRIT RMOKER, 2011), SERBEMGEDIH40% L
RVHARIZBWTIE, AROREN BT 7200 #
ANBEOHPE L > Tnd, LA L, BPETIIEED
HOFOERL & A 2E Lz, BN R 72
BIEEFEOBILRZ I % 9 2 TIE, AN 7% SR
DR D2 B & H RV TH 5.

FRF OB 2 B RE VBT L 9 2 564919 2 BEF 5] B 2
MiFkFZEOR R E LT, ML ey 2R EClkizizes
WCERDPIFE L 2R WRKETRE 2B TE 52 2 L%, JilM
OB CGEYICREFMCE2EMRETCHL L
(van Lenteren, 1995) Z%»nZiFohs. LaL, 1fEYo
AFITH L 72 i N O BRSO FEH LRI b
LT 260% <, BWhikh oS sz cldhaak
MOBEHE N2, —EERPRATLE, FHIDD
SHEORBABICEIN ST 2. Zo7z, MigkHZE TR
IhoEROPREZ B E L TRRAIDGZ A S W5 @)
HY, ToOMKE, FHOBRIFWIEDIEELR TV (&
¥, 2003a).

D& R ETRICEZEH I DI, Ny =8,

T7IAVHE, THIVYE, a3F YT IFSOWIEM
NERTHL (KB, 2003a). 209 H, THFITH
IFVTIFEMET T T A TEIIH T AV A DB
BEEZENTEY, TOEHIIT A IV AFHOR A K E
LCHEETH 5% (RH, 1988; K%, 2000; K%, 2006;
Frili, 2006), #&BANG T 2 KPuE 2 FE S TW Al
iz, ALFEPIRzE DO THEETH 5.

—77, EARIZAEOLRSE - OB L 72 LGB
T BHEELEDORLPREE->TBY, INHIHIRT 5
7o, HEEFHRDOIE, BIEMOEEE RO EOME L,
TSR - AL IR BB AT OARIAL & O WA RE 2%
IPM (Integrated Pest Management : ¥4 1Y% & - 4

e

FH) O ELZIN TS FE)S, 2005
5, 2009). Fib L7z & 912, ALY TR SRR
% IEE SRR EROFENL W20, ALFERIP R
DARAMAFE TR OB Bk 2 A bEHIPMIE, €0
MR R LTHHEHENS.

BEO MR FEZE B 2IPMIE, HEMOTXTOFE
WM AR, KR % & T AW bR T-B % fid
i LTHAVTHNTE Y (KB, 2003a), IPMIEFEM
Yo ClIRmBIAH U 72 KR B4 o 3L o p A W & A o A
EATONT WD, FASE T, B S & TR
B RKBUZOWTIE, FEBiBREM L LTRO LN YHE%
B & T _RCEEEENVETH Y, 20104EBFE, 18FEHH O
RIMB VY ZHROAEY RESEFIN TN D (G,
2011). TN O OHIIIEEAE F 721 3% L0, B
BHEOERIHISTERVWEL L GENSE. Lo LEME
W BB O E AR S A L ClE 2 RT3 &
MLV, ZOX) BB, FERIHIGTE 28
BHEOKBOMML, MoOFERERFE~OY ) HZ, K
i & oo E BB TEE & ORMABDEHIC L VRIS T 54
Whdh Db (KB, 2003a: 1%, 2006). ZHUIKL, &
JERHREAN O DY) D) s 2 AT RE 2 L ETEO KL, =
BEDE R AR REMCHIET 2 L & 12, MoHRHORTE K
BT, NREMPREETHLEHET T, BEIAL
TN $2 2 & CEREIHEE) MRS 52 A TE
% (- A&, 2009). T/, BHCIHOLEERES
ZHWTIT bR AW RO EBRTIZ, 209 b#75%
DBPITIEEZICIDFEHIZERDPBERI ATV
(Symondson et al., 2002). & Z THAFEIL, FFEOE T
R WEEEEIHIRD R & FEHE S 2 R EME O K721 Tid e <,
AR CHEMERISHNTEL AT VAT I T) F=
Amblyseius swirskii Athias-Henriot (¥ =H: 4 7 ¥ =%})
Ry A1) 7 ANF A ALY Orius strigicollis (Poppius)
(BALTH  NFARALTVE) FOIREWRBOFIH
JRA) D0 B B (K, 2003: 47T 5, 2007: 482 5, 2009).
—7J, EAKBOFAYE T, NRAOHAEYITT 5
WaEeHEE, FUMEEZME LTS5/ T5
RN BENRESINTE 7 (Howarth, 1991). 1992
FATIZAEM S ISR L, T X9 BHBREDIC X
5 HERERANOREL, EBRMICASAS»HER SRS &
I o TwD, KASETHINELS Nz R,
2 A EHHHEE O &2 i/ CHIE S S TIMA L2 DT
Hotz (W4S, 2011). L L, [EBEEAMRERE LTl
ASNMERFEZETHHINTE I —ay N EFEREDOE A I
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7+ <V INFINF Bombus terrestris L. (ONFH 1 I YN
TR OB L RO EHOME (ff, 1998 8
¥, 1998) R°20054F DIMRAEMEIATH R L 2 0, T
ENZ BT D IRA OB ADEEI KT TIN5
HAWBRBLPRECEE 7. TO0X) IRRT, ek
POHVHLNTELBARBMOATIERL, 7THIV<H
VRTHFIVIBOT IS IR THF IR
Franklinothrips vespiformis (Crawford) (4, 2003 ; {5k
5, 2004) RAYF2yHT Y bPIAVHOFIT UMY
Harmonia axyridis (Pallas) (F3R, 2003 ; fitd;, 2009),
NFHEATINFHONEZ) I FY L AXAINF
Neochrysocharis formosa (Westwood) (7T, 2005), ¥ =
HA 705 =RD* A 5T ¥ = Gynaeseius liturivorus
(Ehara) (4B, 2009 : Mochizuki, 2009) 4, ki
Th % TAEKBZ LW BER & L TR HIT %
B EAWEFHALL T 5.
AALTHAA X ALTF (Geocoridae) F 4 A 7 A
2 ViR (Geocorinae) 2B A, NFH, NTH,
ayFavH, AXALVH, FavH, 7T¥IVTH ¥
—HE 2 LT ANOHERL LTHOENTYS
(Crocker and Whitcomb, 1980; Mukhopadhyay and
Ghosh, 1982; Readio and Sweet, 1982). {7 Clix, dbk
\ZHE B9 5 Geocoris punctipes (Say) % Wil & L CHIZEA5
ATBY, o &R, KR (Eubanks and
Denno, 1999, 2000a, b; Ruberson et al., 2001), A T.fil$}

12X 56F (Cohen, 2000a), [FHEDHH (Elzen, 2001)
S OMAPERMSN VD, FLAMRE, 7AY A
TIIZ  OREARRIIBV TR BIEOEWIHAEMEXR
ELT IPMEZBUT 2 HABE SR T 2135

(Crocker and Whitcomb, 1980; Sweet, 2000), JiiixP D
T YV ANIHFESEIZFET AT 77 5 Myzus persicae
(Sulzer) (WAL TH: 7778V F) 2% E L
Geocoris bullatus (Say) D PRI ERERTIX, ZOREIC
0T 7T LY EMEEIIARTE A2 LTS Tw
% (Tamaki and Weeks, 1972).

HARWZE, $4 A7 20T HiRHCET5ME LT, Fig.l
— IR L72F F X H ALY Geocoris varius (Uhler) |, &
A FF+ X T X LY Geocoris proteus Distant, V< 0%+
A J1 A LY Geocoris ochropterus (Fieber) RUS7 v+
F A A ALY Geocoris itonis Horvath®4fid 122>, F ¥ 4
F AN ALY Geocoris jucundus (Fieber) % £ 7-5fl D&
B2 it 8 & 1L T v % (Aukema and Rieger, 2001;
Miyamoto et al., 2003 ; £l 5, 2012). D9 H, *+F
ANRALY R RF A X HALDE, AN, MERO
MNEDPIHHIZIL CAERL (KK b, 1993), FF X7 X
AVZDWTIE, #ALVH, avFavH, NTHRED
NFHEE CREF, 1955 130, 1975 T4, 1980 ; %7k
5, 1993 )5, 2006), b AFF XA X LIIDONT
S =H, AALAYHRUONFHSE (%R, 1993), B
FEREZOIL R EDHIT T 2 EIBE ST

Fig. 1-1. Japanese big-eyed bugs. A: Geocoris varius (Uhler) female adult. B: G varius 3rd instar. C: G proteus Distant
female adult. D: G ochropterus (Fieber) male adult. E: G itonis Horvath female adult. F: G ifonis male adult.
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=

Fig. 1-2. Predation for some prey species by G varius. A: Adult feeding on Frankliniella occidentalis adult. B: 1st instar

feeding on Frankliniella intonsa adult. C: 1st instar feeding on Tetranychus kanzawai adult. D: 5th instar feeding on

Bemisia tabaci adult. E: 3rd instar feeding on Helicoverpa armigera 1st instar. F: 5th instar feeding on ant.

% (Fig.1-2).

PEDXAI, FFRADALY R AT F AH ALY
EERADE DL WHIPI AR T 5 EERBTH Y, BEAKE
TREEND L9 RMENBET BNV 2, A
BUWTHL720, FFTHICHIES 2 EEREO & RAOH &
AHItES NG, b bW EMIPIBREMH & L CHEM
b, wial L7zFasHE o KR A 2 % BEE O
YLD D B D B, F oL, BAEEEHY T

ZLWHENTWEH 7)) FoHE L IR L TR TH D,

IS5 ] L 735 S S BEEO R & ) S AES 8L
WU TH DL TPREND. L7z Kz 335 e
HIED I EIERBAHOKE %51 2 EHO1>TH Y,
LY = AN G § A BVAPN (Y 5 HQ) (AR E AN
BAERETH D720, HHIIBHETELILDRX) v MEIK
v, F72, B0 X ) ICHWFOREELAED 5 TH
72CBRSET 2L E LML S, KEITHS
FTORHE ZOFHHEMIIHALSIND LEZ N5,
L2, AFADALTY R RATF XD AL T DA
ARBICBT 2RI Z LK, SEESHL IR TV R
W, FZEEWERO KRR E U CRREM, EWbikRE
MeLcomfofHizmETHs. 2T, MixRHEO

A EBIC B B HE ORI A B T REVED D B Hi 72 7
ARG & L CORHOWRIZOWTRET 57290,
ABFFEIC BT O fEE LML, R FE 0 IR
A2 ST 5 & & b1, T2 VR 55 i
L7=%G0ERBBRAIR A M5 2 L & L7z
HOTETIE, A AH ALV ENRE L THMIBITS
I Z AT A L 2 B2, Fa v HEROIHOAZ L
AIZBBEDTF AN ALY R AT F A D XL DIRE
SR, ALY 2 EIRREEEE S ICL, Bk
WDV T RREFLEOMIE 1T o 72, HIETIE,
7 B SM TIC BT B WiAEL) o 5 H R K 026TC
SIS BUT 2 WiAE R R O IR & A L. 4T
W, Rk 3 S AR LS 2 RS oo A RE ) & B 5
M L7z E5ETIE, KB L72d A+ X H A5 Y RO
EXTFRANRAL Y EENENWERPFEA LA FITRY
AA FIUE LT & E BB 2 A LDz,
WA BN O ERBBREM & L THER S NS A 4 X
HALVITHIEN R 2R, =< TOERBREE
HbbETHF L7z, FemETid, ULo%c k> Tl
SNTZMAR G HOFEEL LI, T A A ALV EH
Wi R ZEEHOFEICOWTELE L.
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F2E FAABDALIROEAFF XA ALY DESMIFEDBERRNME NI

RNETEDRFE

F1EH FHEYMECETIDFTFAIALID
FESRER (L

1. #E

KO W RE T, KRB S N7 RS 2
VEWE S35 N B S (R5F, 2003b). Ktk
BNEET2720120%, TOAMESR, 178, BELN5 2
EDFERTH Y, KR, B, B, HA FIEEREC
B oMmRAIEEETHL (KREF, 2003a).

JERITERL, FF A H AL TFHIB VTR DD HE
ATV 3G punctipesTIE, RAHF LA S (Cohen
and Debolt, 1983; Cohen, 1985), A:ifH /8T X2 — ¥ &
522 & %> T2 (Champlain and Sholdt, 1967). —
i, HROA F XA A L VFITOWTE, HBIF TR
£ 91T, BAMBIGAEIC X o THER ORI e B IEEITS

HENHEEINTEB Y OKEF, 1955, ¥, 1975 1T1H,

1980 : %k 5, 1993 : KI5, 2006), FFH A H AL VI
L TIEBIMCBU B ERBR AL E R T0DEH (B
N5, 2006), PEIIGATEBACEF AT R 2 F B L

TIHIFEAEMEAN R L, BENMEEEVPHEBE SN TV RV,

CO7zd, BURTRAEWWPEREM & L TOFH ORHifE &
% B R LCORRIIFHEDZHETD 5.

Z 2 C, BNEEEDOHFEA W R 2 I 2 W] 5 2>
T B720, FFANALTVENRL LT, Btk L
(2B 5 EYRER AL & AR L 7z
2. MBRRUAE

20074E5 H16HIS, I THEESERANEL > & — /&
PEBRBEIRIC I B Fe s (T3 E) bAoA+ %
B ALY DPEIRT DHEREMIZB T, 7 XPueraria lobata
(Willd.) Ohwi DR L 7283164, AP O BIRE2AL,
oM i O E2R, kA ¥ h T T F YV T Solidago
altissima L. ). &Y 3 &  FArtemisia indica Willd. var.
maximowiczii (Nakai) H.Hara#515%%, # + & 7 5
Humulus japonicus Sieb. et Zucc. . Y ¥ 7" 7 ¥ Cayratia
Japonica (Thunb.) Gagn. %&-3#k% HESCUIRF L TERILL,
FARBABSE T CHE LA~ D IR A A L 72,

3. BmR

Bl 2 Table 2- 1S F & D7z, F7z, FEARBEMEET
(2085) THHL72o X, ¥4 AT IEFIY, AT A
TIRIXTH Ty OFERE, EADT LIIA T A A 2

AT D% Fig. 2—- 1R L 72,

FARANALTOINE, AR A I AT IITFI
T, TNEN10ME K B S e, EIRERALIZ V3T
bEMEOEMTH 7. —F, IEF, W P17 IRV
X TIHTVIE, IERO SN h o7,

B, 7 AORMOTHEEIX, REHOBELOHHF
TEMAEOEEI ) Ehof. T2, BRAEOEMOEH
WEX, 7 ARVIEFT, XA 5 HTIFFVY, hF
LT TROXYTHTI L) b o7
4. ER

WAMCAERT 24 4 2 H AL VHICOWTE, REDODH
B RO L TR, i HigEhicE@ s>
FEINS % & DRI H B (Sweet, 2000). A A ALY
HOREY) FAZBT B IS D W O#®E D D,
WITNOHETHIIRIEETE MR INLTV D

(Tamaki and Weeks, 1972 ; Wilson and Gutierrez,

1980 ; Naranjo, 1987). 7z, 10FEH O % A\ 7238
B oOKER, TH (trichome) PEMICHELET L5 4 X
Glycine max (L.) /N 7% E N FRichardia scabra L. T
W AfE & LR U C G punctipes (2 & BRI S L, ¥4 X
TiE, BHOFEEWERE, ZROAER AR
MWL A LNL EHMEINTWS (Naranjo, 1987). /I
5 (2008) 1EZ5HIZH F A B A LY OBAMARK B A% 5L
MRS, HIA bR TWwEE LTS, Z I TAFZE
TIEHSHIGAELER/L -2, A AN ALTITEH
WEIHER T2 ADBEEANLERT H NP ShE %
o7z, %k (2006) b3EHOEIRAEDHT, ¥V Perilla
frutescens (L.), 7 X & O 4 F TFragaria X ananassa
Duchesne TH 4 A% A LT HEINT 5 L &R L T
5. TDIHH 7 AR A T I TUEBIEABARAS— 7 1] [ 28 e
LCTHEESNTEY, 7 X3WIMNIBUI - H AA XY
DEZEZENGHO—2IhoTnb EFEZLbNL. HL,
7 AN BIT B ORETIE, BAEOEMLD 512
BHEDPEAE L REFECHFANOEINIMRTE 2o
72, EHIT, AEORBEMGAL O L, TEFTIIH
FORATH A X A A L2 R RO FARRHER 72> % BBl
gBEIN (RIEH, RJER), RHICIBEIEEL TS
WL ST HEIFRD SN h otz Lizdi->T, ARl
DFEINIH LTI BEOBELUIN b 8 2 LT3 HRN D
bbrLEZOLN, GREVIZET 5.
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Table 2-1. The plants in the habitat of G varius and number of their eggs observed on each plant species”

Observation Number of
Plant species G- varius Remarks
Parts of plents n cggs
observed
Pueraria lobata developed compound leaf 15 0

(upper surface)

developed compound leaf 15 10 All eggs were oviposited
(lower surface) along the ven. Six eggs

and 1 egg were

oviposited on the leaves
mfested by spider mites
and thrips, respectively.

underdeveloped compound leaf 0
growing piont 0
vine 0
Solidago altissima whole of above-ground part 15 1 The egg was oviposited
on the lower surface of
the lower leaf.
Artemisia indica var. maximowiczii  whole of above-ground part 15
Humulus japonicus whole of above-ground part
Cayratia japonica whole of above-ground part

“ Survey date: May 16, 2007, Location: Togane city, Chiba pref.

Fig. 2-1. The lower leaf surface of weeds and oviposited eggs of G varius. A:

Pueraria lobata(petiole density: high, oviposited eggs: many). B: Solidago altissima

(petiole density: low, oviposited eggs: few). C: Humulus japonicus (petiole
density: low, oviposited eggs: none). D: Cayratia japonica (petiole density: low,
oviposited eggs: none).
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F28 AAFZNAHBOADIGEICEIEEFTHE
RUHEH

1 =
TFREFIIBNT, T4 XD ALY RO AFF A R
NI X A E O A & & N T HHelicoverpa armigera
(Hitbner) K O° 7~ A & ¥ 3 b Spodoptera litura
(Fabricius), A X XA & O T ¥ F I A X AAgrius
convolvuli (L.) 5 a v HOIWEZ&E LAEAST 52 L o5k
ATE (KW, K%K, hoFa v HRBEOINEH
HEICX ) RUMMRACTE 2720, MO L LTHAHT
SR, RENDP ORI ZETVPIRTHLEEZON
5. TIT, MEEORAHHRERECNG AT — 5 2
FA7c0, BLEED SWAELRIZA F ¥ N T T OIFD H
ZEZ 7 EOFEMERE, A, WO HER %
BEROMEREZRAEL 7.

2. MERUAE

(1) #HER

BRI, 200045 IS T-HRIHET O 3 T F 9 54K
L7z 2 7 2 52 RU19994F9 TN D/ 2 TH
B & T w72 F® 7 Chrysanthemum morifolium Ramat. % &
FRELE AT A D ALV WEOMIZIE,
19964F RIS TR AR A, kil (IHSCHHT),
(IHE 5 0) K V& B o ¥ — < ¥ Capsicum annuum
L.var.grossum 2> 5% L, Shimizu et al. (2006) D Jjik
TALEE (f 227 FLFS, HARRELRE (Fk) 2L
LCRREE SNIA I N T T OI % 7.

(2) HERAE

W41l mm X & 220 mmD 7 7 A ¥ v — L2 HE47
mmOUERE T E, FA I N FITEIP ST F v F X
Ay (B, DT

— 28— (Y = Fa—5—,

OWiF GHBAEL72b D) & ANh7z. T 212, #b#k24
RO A F A ALY EIZe XA FF XA H X AT D1
WA Z 1B, RCEZFIET2HNTE v F =%
—ERIMIRARATEE Lz, 26C, 15L: IDSKMATFIC
Bz, oz FEIlE LC3H F2134 0L L7
FF AN ALY RT8HE, B AFF XA ALY & ATHM
L7245, ShBuUise s BBk O AR ML L 22 Ak o i
(F A A H AL T HEGUH K OHESHH, & A4 4+ X H 2 4Tl
1990 B O°HE13HH) DA ZIHWTHEIB L. $72, AHFED
B GULRBRFAG2H B UBRICAEF LA T A ALY
S9N N A F A A L VABFADHE L, SERBHIAHT O
RO & 2B A Z T - REE 0 B % SR BR B IG 3 H
DT (FF A A ALTVIIFBLIL L AT XA ALY
20H) XA L -

(3) RAEFHE

REEPIETH B0 O WA I T 23 TT 5 FTO
W, AEmHMEZREL, EAEEICOVTIRBEEOHES
TOF Ay N aBIRofiEHr bbb TREL::. ek
Wt A RERE T X 7R B AR L L7z

(4) F— 2 ORI
BEICOWTII R A @ U BEIEHE, WA
DWTIIA R 25l U7 At e cheh g L L
Tl OV % BER & 3 2 290 LI 5 AT 2 4T o 72, 53 isr
HrC2TRMNC R HAE M S e S N7 61020&, A+ A9
ALY R AFF AN AL VIIBT B HMERROWE
Eiio 7z

3. #&R

SR A U2 ERER R A A LT DIF) A
EXFFRAA ALY EDF6.5HEL (Table 2-2), Ffifi
THBICE R 572 (Table 2-3). IR (5L RO
FEWREL, FFADALYDBCAFTFANALYEN D
FBbHEN -7, T/, MRUMHO2ERMIIERANEH

Table 2-2. Nymphal development time (mean + SE) of G varius and G proteus reared on H. armigera

eggs without water at 26°C under a 15L.9D photoperiod

) Nymphal stageb
Species Sex p*
Ist 2nd 3rd 4th 5th Total
G.varius Female 6 62+0.16 53+0.09 58+0.07 65+0.09 10.7+0.14 34.5+0.31
Male 5 62+0.17 50+£0.00 52+0.17 6.6+0.11 10.6+0.23 33.6+0.23
G. proteus Female 19 57+0.15 43+0.13 46+0.17 55+023 69+0.19 27.1+0.31
Male 13 62+030 45+024 47+0.17 53+0.17 75+0.18 283+0.46

“ Number of emerged individuals.

b Nymphal development times were calculated with emerged individuals.



RIFH ¢ REMEHE KECE T AT AL D ROE AT T AT A L QA RERIANG N Wi 2 F W 7z B 2 & S BB 9 5 0 9E

Table 2-3. Levels of significance by two-factor ANOVA of effects of
predator species and sex on nymphal development time

Factor df SS F-value P -value
Species 1 327.07 14427 <0.0001
Sex 1 0.25 0.11  0.7396
Species x Sex 1 9.36 413  0.0049
Sexin G. varius® 1 2.21 097 0.3297
Sexin G. proteus 1 12.16 536  0.0259
Error 39 88.42

“ Simple main effects on sex within species were tested.

Table 2-4. Nymphal survival rates at each stadium of G varius and G proteus reared on H.
armigera eggs without water at 26°C under a 15L.9D photoperiod

Stadium”
Species 1st nstar to adult
Ist 2nd 3rd 4th S5th
G. varius 61.5(39)" 91.7(24) 90.9(22) 75.0(20) 73.3(15) 28.2 (39)
G. proteus 77.8 (45)" 97.1(35) 97.1(34) 100 (33) 97.0(33) 71.1 (45)

“ The percentages of nymphs that survived to the next stadium are shown. Numbers in parentheses
are the number of nymphs at the beginning of each stadium.

" The nymphs that died by the day after the start of the experiment (39 of GG. varius and 2 of G.
proteus ) were excluded from the calculation of survival rate.

Table 2-5. Number of H. armigera eggs consumed (mean + SD) by G varius and G proteus at each
stadium of nymphs at 26°C under a 15L.9D photoperiod

) b
Number of H. armigera eggs consumed

Species Sex 1’
Istmstar  2nd nstar  3rd mstar 4th mstar Sth mstar Ist mstar to adult
G. varius Female 6 203+£6.7 363+10.7 695+£259 121.7+29.0 2748+505 5227+943
Male 5 19.0+32 352+ 62 568+242 844+245 178.0+249 373.4+£546
G. proteus Female 19 113+£25 157+48 218+ 58 463+151 875+141 182.6+246
Male 13 112+40 164+41 209+ 43 380+127 680+124 1545+219

“ Number of emerged individuals. The number of H. armigera eggs consumed was calculated with data of emerged

individuals.

b Only the eggs that were entirely sucked were counted as consumed eggs.

LRI s, BT EMRE TIIE A F T A A AT DA
THEHERNC A BRSO b7z,

Wifl & b 1L B O AAF BRI A 5 7225, b x4 F A
ALY TIE2MISE L2213 124 TIME L 72 (Table
2-4). —F, FFAH AL VIEFDOH S ELEEE DS
WL, 4ih M OBERZ R O A FE D R o 72,

F 4 & o83 IS B K K OV BUB AR o 3 5
%, FERLOWERERICTable 2—5IZ/R L7z, FF A h ALY,
CAFF AN ALTE BT, WPHETITONTHiERDY
ML7z. FF AN ALV TRCOE T 244 25 2
LY X VBRSNS 2o 72, SRoaiHT ISR T
HEIZH®R% D (Table 2-6), MMz ZN, FF 2 H AL
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Table 2-6. Levels of significance by two-factor ANOVA of effects of
predator species and sex on the number of H. armigera eggs consumed

Factor df SS F-value P -value
Species 1 629661.43 336.38 <0.0001
Sex 1 63447.06 33.90 <0.0001
Species x Sex 1 29552.12 15.79  0.0003
Sexin G. varius® 1 60765.10 32.46 <0.0001
Sexin G. proteus 1 612522 327  0.0781
Error 39 73002.19
“ Simple main effects on sex within species were tested.
YWERAFF AN ALY ORI R OR2 AR TH 57z, 60 r 1st 2nd 3rd  4th 5th
A B RE R C b A IR R A o 7275, B OHED2 —
PRI AR O el S 7z, B E R RBOE DR, § w0 | G.varius
FF AN ALY OEFHIEBICIIMHEN CHEREND - S
72AS, A AN R L TIRMEHER RS SN G h o 7. e
7o HImBUBREGSIAL S b ARMIETS ¢, e & 20T
F A AN ALY DI~5REE R TIXZ O HEE TH é ﬁmMﬁhk h m
-7 (Fig. 2-2). s 0 AnARAUINIL : : o
4. ER $ 60 [ 1t 2nd 3d 4n s
26C, EHLMUTCHA I NATROREHE LB S <D< —>
OHIFEFHIMIE, e X+ XA AL T DI DA F A % 40 | G-proteus
AN ENEhroTz, —F, WEBEAF AN ALTDIZ g
IWEATHANALYED bE L, FsmymybGE 8
DERIIHE IR Lo 7. Kk LComhes  — 2|
MBS 5 721208, KRR35 2l ARe ), Hedine ﬁn;iﬂﬂﬂi
NI, B ZWEEE T TORERESEEZHHbETERT S 00 5 1o 18 o4 20 %
WEAD B, LB L LT B %Y Days after hatching

Hl2iE, NRERZREMMICDZ DS HRTE 2 hEME
WHEFFANALNIPHELTHL LEZ LN,
FFAAALVIZCATF AN ALY L) QB ICHE%
RL, SR EDPE C, BFEEPMEN2D, BiHa 2 M
FTFADALTYPEATFAHALTED HEWETFHE
Na. AT ANRALTOFEHLICE LTI, I A ME2 T
% 72D\ %Alli 7 N LA RS O RBAE O B %S % Miat 3 % L%
Vdb. -,
FFICAF A A ALY TRAEFFEIBD TR o 72, F 4 2
HALVEREGHEEDO S A 5 HoRBRIZAINELIC
L) MRS E B IEE 2 T TR O 2 A LIS
HZEDHMBENTEY (Cohen, 2000b), F D7z IZIdfk
WICT KRG EBEZTBLLE DL EEZEZONS. ]
ELTHWA A S NI TOINIE DRI EETND
B, FF AN ALY LA ETHET L ANFH A

LaL,

FF I NATIROA% G 2 THE LI2%E,

Fig. 2-2. Daily consumption of H. armigera eggs by G
varius and G proteus nymphs at 26°C under a 15L9D

photoperiod. White arrows indicate the mean

duration of nymphal stadia (see Table 2-2) . Data of
emerged individuals (11 of G varius and 32 of G

proteus) were used for calculation of daily egg
consumption. Vertical lines indicate SD.

LAVHOBIIZIZA Y T F <5 T A4 HIEEOM BT
TR CHEHEDORAKDPLETH L LEFShTwD (K
2003a). AEFFEEICBVTY, HEICUBERKGZ T4
MR TE LD o2 ERFF AN ALY DEFRIET O—
WE o 2W DDA, ZD720, KEBEO RIS
LTI, MELdIHRT DI erhie LTl
bbb LEZOND.
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1. #
EIHOTARABIIBNT, TF AH AL VIZEHICE
L7 ADHEEALLERT LI ENHONE R 572 G
punctipes T O RIREDHIRAH Y, 4+ X A L THHOREYN
IE, RENE EIEEORKEMEDEVIRE
THEEZOND. WMTHMELRA A A ALY JOE R
FF AN ALY ORERIHL 2T A 720121F, BRI
ANLOFMEH VD I EHFEELEEZ HNL05, ATYIC
3 A WO FEIIEVEZIA S 222k > T v, ZI TR
iClx, REMEESSRL 2800 N T2 WIS %,
FEINIEE & LCORMEZAT) .

2. MERUOFE

FEIRIE & L C oM & KT 572012, JEARRENE
DR B Y — MROFM EZFFTEEHICAN, ThEh~o
PESR R A AT L 72,

(1) #E=
FEEMEAROFAE L F CHEEEZ S &1, BALLA
¥ a5 ¥ T XA HEphestia kuehniella Zeller (F3 7 H :
A A ITFE) DB (SEERAE) RUUKES-2C, 26C, 15L:
IDEMTTHE LT AT ALY R AFF AR
Ayl 7z.

(2) REBRAERVAEFE

PEE86 mm X 5 £20 mm®D H T A ¥ ¥ — L IZHE 0
mmDERZ X, K2 & FEEELI0 mmO Bk % 21H
ANTZzA 2 ) 2 —=F0H (N2l mm X & 312 mm) &
CAYAFRT T AL TOREW T 72h =T v 7T
=7 (ERAV—x 2 (#))) Okl (8 mm x 8 mm) %
UL Wz, SRS OJEPHIC, 20 mm X 20 mmO K &
Epav¥—i#k (E&#0.08 mm), ¥ v FrR—ri— (&
EH1 mm) KOBREM (EE82 mm) 29 ¥ 5 A2/
BL, 22, REEADFTF AN ALT Fizide At F
AN ALY ORI A 1T > TEHE L%, 26C, 15L:
DG I 7o, T2WERT R 45 B~ D BEIR B & A
L7z, RBICIZWE 2258 % Hv7-.

3. #BR

WAEOIIZ E BB LR OF v F 0 R—=)— T
BOOLNTZD, FTF AN ALY TIEZEDH) HDOKI’%, b
AFF AT ALY TR T < #990% 25 BLNE S -~ o> BE Ji
Th o7z (Table 2—17). T E—HENDREINI 2 h o 72
4. R

Naranjo (1987) 1%, #ERICIZFF A H A L VHHE L
BEIN S 2 WM K OV 2 O FESR AL & MR DR B ), G
punctipesDEWNEIE D720 DEIRIEE L TENLTWE

Table 2-7. Number of eggs deposited by G varius and

G proteus in 72 hours at 26°C under a 15L9D
photoperiod

Number of eggs deposited (mean = SE)

Species n
Cotton fabric Kitchen paper Copier paper

G. varius 25 854033 0.2+0.02 0

G. proteus 25 3.6+0.17 0.4+0.04 0

LICERLTWS. AWZRICBWTY, EIIEEE LTH
FAAALYRPFCATF AA AL VIR NTEMO
I b, EHEIE L HPARORTREE & R DY UEE
PEICELHIEHTEL C DR O N L2 s, WL
VAXR i o< R CiE Y IR R SO R Y (WA A
LA FF AN XD VNIOWTIRS R ZFETE %
Mol BENTOREINEEEIRERTIIL A AD X LY
EHPOMRIFHONTEY, REOEIIEED o+ +
ANALVEHEMBTHE LEZONS.

Pasi RAEAFEORRE

1. #8
VDEOREBZWBUT, T+ XA ALY R AT F A
ALY DOENEEIZBIT 2 EINEE PR ASE L Tw
5HZ 2:753‘593!575‘ ol F72, fHOARELH 2 THYMRA LG
BLEWE, KOO RENLEL, FICEHFAHI AL T
ﬂEtY# BB REMEATRIZE S N7z, & 6% BHF%E0
B L AR AR & L CORERIHE O 2 X025
7eDIZE, INSOMAER T 2 TRIFRM P OLENE
WEIF L2 LT 20BN D5, T TRETIE, EINY
e LCBURMZ v, ke, BATHETRERZ Y3
YT AAFOI%EG 2 TRHTHEMS 2 2 L12 X 5tk
O RRENFEORSE % AT

2. HERUAE

(1) HROFFHERVFLE

WE115 mm X & 330 mmD AT A ¥ ¥ — vcﬁﬁm5
mmD M EHE, GEH45 mloKEZ TN
mm®DFHERSME %2 AN 72 TEEESS mm X 5 214 mmdD 7 T A
F v 7T —VLORKUE, 20 mmfADF v F v R—I3—
FFaWME0.1gnAYaF<F T XA HEHHE % ke 720
TIAF v 7 v —LoF2, ROHEKI20 mm x #7530
mm X & 210 mmDSTFARAR Y A F L > BERE A5 %
Fig. 2—-30 £ 9 IZHLE L7z, 2 W b 248F R LN @
I AN ALY ETNFC AT F A D ALY DU H % 30
lh, RCEBIET2HTE v F o R—3—% VP
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Fig. 2-3. Container used for group rearing of G varius

and G proteus nymphs. A: a Petri dish body containing
five moist cotton balls. B: a Petri dish lid containing
E. kuehniella eggs on a piece of kitchen paper. C: an S-
shaped buffer material made of polystyrene.

AIAATHER L2tk 26T, 15L: 9D I W72,
B OKDOZHIFEN & UC3H 721340 L Lz, 4
AT T % £ TOM, FHAIRIEITHRIR O A AE B % 3
L7 ABss e L.

(2) REAERUEIIS

o FE RN & B L TRV & L7
EFEL0 mmO M ER2MH 2 (X C LIOR BEICHEI L7 0%

FEPRIEE E L, b 2R oM E RICRE L. 22
2, REFEDOTFADALTEZIZE AT AN ALTD
HEHER U 103 2 LD, St & IRRICEIT L7z, S AR
WCREPNIEE, ¥ v —LICHRAZF v F v R= =R D
TIEWEXFy ForR=—23—ZILL, FRENNDIEH
BAaAmAE Lz RBIIsREE L FEIRST o IRM R
[ZDoWTIE, A 25 EIT & D AT L 72,

3. KR

(1) HBROFFHERVFULE
FARXHALY, CRAFFAA XL T EDIT1ES) R
R B KA L C, UL L7203 ENZNH13TH
572 (Fig. 2—4). FF A5 X LT3 3#%h bl F A
DWW R AN T2 A3, AlEh BUINZE L 22 kiziz e A
EWRPE L7z, —T, & A% X X AT id2~3ingh il
IR AL 2D 00, 4 ~5ig iz moe
RRE AEEEATEA L7

(2) WERFERVERH

R & D BIRM A~ D FEIIAN R D £ 792 - 7228 (Table 2 -
8), Bilgih, RIHEOF v F o R—N—R UM TDOF >
F U R=N=ADEPLFRIE, T F A DAL TENREN
#93%, 2% K OHIE%, B AT F AN ALY TENREN
#179%, R914% K OKI6% TH Y, WiRL EIH ;AT IR 6
B AHEREN D72 (x2=125.57, p<0.01, 712
FRRIE) .

Table 2-8. The number of eggs deposited by 10 females of G varius and G

proteus in 10 days of group rearing with 10 males at 26°C under a

15L9D photoperiod

The number of eggs deposited by 10 females

(mean + SE)
Species . Cotton fibric Kitchen paper Kitchen paper
(ceiling) (under diet)
G. varius 5 208.0+1725 46+054 104+137
*%
G. proteus 5 2570+ 13.87 46.8+329 20.0+2.75

** indicates a significantly difference of selection for ovipositional substrates

between G. varius and G. proteus (chi-square test;)(2 =125.57,p <0.01).



30 ~ B Adult
G varius 0O 5th instar
& 24 | : @ 4th instar
= i O3rd instar
€18 f B2ndinstar
° O1stinstar
»w 12 F
(]
_g J
© 4
E O L |I I
©
= 30
2 ) G. proteus
35
o 24 S
5 s
c 18 E:
c 2
c 2
12 r N
=
6 - I—“
0 .
0 5 15 20 25 30 35 40

Day after hatching

Fig. 2-4. Changes in number and stadium of surviving
individuals of G varius and G proteus in group rearing
on E. kuehniella eggs at 26°C under a 15L9D
photoperiod. Vertical lines indicate SE (n=5).

4. ER

AWFRICBNTERLIZFF A D ALY RO AFF 4
h ALY ORREFETIE, Kz #EL2z) 2, WAk
KoORHIZ L A (KEF, 2003a), 2 2BEAIC X
HBAFNURERATYAFIT T AL TOPREEE L, P

11

S ARSI o0 e S AR D i RV (B AL LR A N
BELTHW., AVar<y 524 HICoONnTIE,
F N F O E G IE & FAREO HE Tl EE
WEETH DI LR, BROF554REINRLRL o417
PURETH LI b (BE3%), L LTomYE Lo
dhweEZ o5, $7-, KRREAFEE EEAE) ©
i, AFRAAALY, CAFFRAH ALY ED TSRS
WIS B S L AHERRTC & 2. UL, W TEFEM D
PRIRMA N 2SR R 5 722 25, SHENZFROMIZLY
WA LRI AR T 52 L1280, EEDOS S
BB D RENED 5 5.

—77, RGN & LCORMH 2R E LN
KEBGHBIC Z O EZIRHT 5720121, 1Ll 2
T & T HEFRDO EPRETH L. A A XL VH
BRELRBEIRTHAZBMBLESL ZLPALNTEY
(Sweet, 2000), FF AH X LY AF I A H X L
OV Th, IEHTEO RN R A R L
WBATE 27§ C LSRRI S hCw s (KM, R
J83). F7o, ERMOKREFETIRIERVASAEL, KA
ZAD/NE BRI BTEIND ERESNTWD (Readio
and Sweet, 1982). ARFFEIZB VT D HEF LN O MK
O VAELLRI T O K & RIFKN & 74 - 720 (kA
ZHMN, SHRIIFATEEOYRLHBTHEOREIZED
Il & OB ORI LBV ORG RS % 1320 5 LB D
5.
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FE3F FFAADALYRVEAFFAA DALY DEE - HEIESH

BIE BRELZERERGTICET 2M~HREPO

REBMEERFER

1 E)
E2EICBWT, WAMNCBIT D4 F A A A LT ORI
EHSRE YD, RARIZESNT, AV ITF<F I
A B O R OBRRM 2 2N E N R ORI L T5 2L
WCEBFF AN ALY R AL F D ALY OENAE
B SN, WA EEOMAERTH Y, B
THIE L % 2 EROAEWBIRRER & L TOIEH MRS
NTW5B2S, oz L THW 720121, #i
7B D E P 1 & RIS RYERAL U 72 R SR R i B Al o B
HOANRTH 5. MEOHFHEEOMEI A ML/ %
E2% 9 2T, FEEIFERREED 2SI, A4E
SO ) 1R AT R 0 35 & 1 RE & 3 2 72 60 O il A BB
WM& HESL T LB D 5705, T DIBEN L EREIZOV
TRARD V. ZTTAREITIE, BREZWELEFTICSE
FHFF AT ALY AT T A A ALY DY~
DIEE HE I O AT L, LRLHE &I Off 7
IZET 5.

2. HERUEE

(1) =

Wizt X 2 5%, 200045 I T-3EHET O
SEFDORE L2 HAR OB, v A4 F A H X 4
TE, 19994 F9H RN F 7 20 HERE L 72 itk o
TREETH L. wIhd, HETHELAEATECLY,
AYAFIT T AL ORI, BlRHR % IS
JAvT26+ 1T, 15L: 9DDOZM T CRAHTF L7-.

(2) BRORBFAMRVERFSE

20, 24, 26, 30, 33036+ 1C DEMIELEMLETFICHBT
MO DFE H B R OEAAREZRE L. HEEME
WINB15L: 9D & L7z, Fifak o BACH T IS B\ T 24REH
VNIZET Sh-0z il e L, #Eil7z. 1
LU 7= BMR# 2 9 cm, W E21.8emDHF T AT ¥ —L
AN, B SEMCRE L EREPICE W, &b,
VEEB LT 5720, I AY v —LICiE, Kea$er
BRI S A > 72 2.5 em, HE1emD T I AF v 7 ¥ x
—LE AN T TRV Yy —LOARMEEZEOMIZIZ
F v F U R= =T AARKR, BALL 72RO Z [k
L7z, 20C M T CIdMLitG15H R £ T, ook
BEGME T CTIEMMLM10H £ F ©, 22244520

12

LRI 2 MR L 72, S IR L 22 2 5 7202 D0
TIISE TR & ATz L7z

(3) HROREEMRVEREE

R PN % b & U7zl 4 & [ U 4otk L OV H B 4tk
TTHRDORE H PR OEAFE LTIz, KRELEETT
PEAL L 72 AL 2248 I LN D 1S I 2 Tk D 5 2 & %
—LVICAN, fEEEAE LA HL, JIoB b3 T
Mo 7233C KO S LASER0 H a0 5 7236TC I2B1F
LM OSEE BN CHEARORAICIE, 26T &M T °F
ALL7=28mE W, BT AT v —LI2id, PN
& LMD HETKRE G FR2BURME AN, LhHomk
Wilr e L7z, 72, WoKHOBERZ ANn/zd o L FHEO
TIAF 7 —LOHFIZ2ecm X 2ecmDF v F v R—
N—HK2WE, TZICAYVIFIT T AL TOIZRE
e LCRBERRICANS. &8, TPHERIIBVT,
FARAHALY R AT F XA ALY DOIHHITIZ1IED
720200f, HU LoV ar<5 5 24 7% 5 20
ARLBWT ENFERTE 2720, KEBRTIZ300~350
8, HoOYE % Z KIS 2 7. SI2onTiE, WAH OB
Befi & & HI23F 721340 B L7z B AR &
AR R % 24 B LA L 7. AR OB = R E
O L LTz,

(4) F—Z2 ORI

PR O OFEHF HEIZOWTIE, FRZENIEG O
fTo7:. RUOFERE BEHEHROME) &HEIRE
ORI, FEEICELE L T3 H 2 R O iR 4
P AR LEMHTRENS (Campbell et al., 1974). €
CC, RNTIRBICEY, SEREIET 20RO RO
EREORIFEME RO, EHM (T) % 2 OEE
EARR & Xl & D SRS, IR O R OFEE A RREE
it (K) (22T AREYHERZ AW HIL L. 33T
BB EF XA ALY KRBT IZBIFAHL AT 2D
ALY OIROFEEF I S P B ED RS bNizlz0, T
NS DT — ZIXEARE A S BRI L7z IR O o A A7
FIZOWTIFENEN, A EKHEE%ZBonferroni — Holm®
7 (Sokal and Rohlf, 1995 ; 7k M - &M, 1997) 12k D
3% U 72 Fisher O IEFEMESMRE & VTR L 7-.

3. R

(1) BROEEBHMRUVUEFE

YRORE HBIIFAERE R CHRICR A Y, ML fEih
JE & OBNIEZE HAEA A S L7z (Table 3—-1). 33T
B BFF XA ALYBIUB6T ICBITHE X I F 2
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Table 3-1. Effects of species, temperature, and sex on the developmental time of

eggs and nymphs of G varius and G proteus reared on E. kuehniella eggs under a

15L9D photoperiod

Factors df SS F-value  p-value
Egg developmental time
Species 1 1.28 0.22 0.64
Temperature 1 14080.54 243839  <0.01
Species x Temperature 1 588.51 101.91 <0.01
Error 649 3747.66
Nymphal developmental time
Species 1 2791.63 5489 <0.01
Temperature 1 52221.19 102697 <0.01
Sex 1 118.27 233 0.13
Species x Temperature 1 863.00 1697 <0.01
Species x Sex 1 1.69 0.03 0.86
Temperature x Sex 1 13.59 0.27 0.61
Species x Temperature x Sex 1 239.22 4.70 0.03
Error 292 14852.01

WAL ERRE, OTHRE HBIIMEFIREDS S E 512
DONTHAL %> 72(Table 3—-2). 36T KM TF T, +4 2
ALY OINIHAL L o 72,

T AN ALTDOIRDIZR V36T 128 B ML,
MDIRBELRMET £ 0 DAL > 72 (Table 3-3). —J7F
EAFF AH X LTTIE, 20C 128V R LR o
ST E B L CTHBEICE Y - 72

(2) HBRORBAVRUVERFSE

YROFEHEHEE, M EOFERER THBICR -
7205, WERERNICIZ A B R 2T R > 72 (Table 3—-1). 72,
fi & fEWLEE & o, f, SEEEROCHEORIZE, &
HAEMA R Sz, SR o 5E H B S HREA =
F 512N THL %72 (Table 3-2).

FF AT AL TVHYROALEFRIL, 36T 2B TRTOIM
BEGE T Tld2~4iiilc T TR o 7225, 20C [ 124
T 4T TR R OB BV TR R A - 72 (Table 3
—-4). 36C &MFTFTE, 3 M~OBEE TCORIZETD
WAL L7z, —He AT F A A AL TR TIE, 3 ~
BRI D AL AT24~36C 12BWT20C X 0 o7z,

(3) REBRARUVRBEVEEESE

Fig. 3— 112, fHEWEEIIN 3 590 K OK HOFEE HEE D
BUREMZ R L7z, SRS ORIFEREAS, IR O b
OREAMRERRE (K) 3, A+ A A AL TRERZE
NISLIHE R U433.0HE, AT F XA ALY TEZN
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FN98.3HEE K 1N226.9H L M Sz, £72, PR
YW oREEEZEN (T) 1§, + A DALY TEEREN
13.3% 134T, B XAFF A H ALY TRENRENL6.1]
0'16.9C & sz,

4. Z8

JOREHEIISFRERCRARY, YHORKEHEKIX
Tl SI6 OV fil IR T4 7 5 72 (Table 3—1). “FHRE
HEIFFIRED T R BN THEL o 7ed’, FF 2
B ALY TIE3B3RUB6C T, BAFTFAH X LY TIE36
T CENZENEIRIC X 2HERLEATLD 517z (Table 3 -
2). H236T LMUETTIE, FF X7 X LY DB ROE
TNREDLOTRELLHEZNS (Tables 3—3 and 3—4).
Wi DBICR WIS TR LA 2 A A TR OFET
X, HWAERE 2 S O BRI, SZREIC X Mo 0
DOBEENFEA L, B %2 2 H02H L WARE o ks
HRUAZEICE2EEZOND. —F, EXFF AN AL
Y020 128 B LI, MOFF ISR T 055
W E o7z, 512, WROHHROBEEHEIZBWTIE,
il & fF AL & ORI AR & 7z (Table 3—1).
COXHNAML, FFADALTECAFTFADALYE
DB HIHEFHEEDOINMFEOENIZL2HDEEZ L
N5 $hbb, 20K024C TELAFTFAS ALV L
FA AN ALY DOBEEREIFABETH > 7275 26C LLET
B ATFADALYDTFAA ALY ERHLZ LMY,
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Table 3-2. Developmental time (mean + SE) of G varius and G proteus eggs and nymphs reared on E.

at six constant temperatures under a 15L.9D photoperiod

5475 (2013)

kuehniella eggs

Nymphal stages

Species Ti:mp Egg”
O st 2nd 3rd 4th 5th Total ®
G. varius 20 2342008 (76) 142+£040 100*X036 106=*X021 13.7*x082 21.2*139 696 =% 1.53(20)
24 13.3 £ 0.07 (66) 8.0 =X 0.24 53011 6.3 £ 0.11 84059 153*136 433 =*x1.71(23)
26 12.1 £ 0.10 (54) 6.7 = 0.15 53012 47 £ 0.17 6.1=*x0.14 9.9 =012 326 % 0.31(26)
30 9.1 £ 0.11 (41) 4.9 % 0.09 3.7 = 0.09 4.0 £ 0.07 49 *0.17 80X 0.16 255 == 0.33(30)
33}7 8.0 0.00 (5) 4.7 £ 0.09 3.3 £ 0.09 3.9 £ 0.09 42 *£0.12 6.8 £0.09 229 =% 0.18(28)
36’ - - - - - - -
G. proteus 20 2372014 (42) 13.7x£048 11.1£019 11.8*£037 123*£0.18 179*£029 667 £ 0.64(12)
24 13.3 = 0.07 (79) 7.3 £ 0.23 5.6 £0.27 53=%x0.14 5.7 &£ 0.09 88+ 014 327 % 035(23)
26 9.9 = 0.06 (81) 5.6 = 0.18 4.0 £ 0.07 42 £ 0.17 45 =% 0.18 7.0 £ 020 254 =% 0.30(29)
30 7.2 £0.07 (57) 49 =*0.12 26 X015 2.7 *0.16 2.8 = 0.09 44010 174 £ 0.24 (25
33 5.8 £ 0.04 (86) 2.9 £ 0.08 2.1 £ 0.03 2.1 £0.04 2.4 £ 0.07 38007 133 x£0.13(49)
36 5.6 £ 0.06 (66) 2.4 %008 2.1 %005 1.9 &= 0.09 2.6 £ 0.08 34010 123 £0.17(35)

“ The number of samples are shown in parentheses. Nymphal developmental times of males and females were pooled because they

were not significantly affected by sex (See Table 3-1).
b Nymphs were obtained from eggs kept at 26°C.

Y=0.0067X-0.0895%, ’=0.953
Y=0.0104X-0.1691%, 2=0.959
e G.varius(nymph);  Y=0.0023X-0.0305*, 12=0.940
m G. proteus (nymph); Y=0.0045X-0.0754%, 2=0.950

o G. varius (egg);
o G. proteus (egg);

021 r
018
015
012
0.09 r
0.06

0.03

0 . . . .

10 15 20 25 30 35
Temperature (°C)

3-1.

developmental rate of immature stages of G varius

Fig. Relationship between temperature and
and G proteus reared on E. kuehniella eggs. Dots and
bars indicate means and standard deviations. X and Y
indicate temperature (°C) and developmental rate
(day!). Egg data of G varius at 33°C and G proteus at
36°C were excluded from regression calculation
because egg developmental times of two species were
apparently prolonged at these temperatures.
Asterisks (*) mean significant at 0.1% level.
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Table 3-3. Egg hatch rate of G varius and G proteus
at
temperatures with a 15L9D photoperiod

reared on E. kuehniella eggs six constant

Species Temp Egg hatch rate™”
(°C) (%)

G. varius 20 854 (89) a

24 985 (67) b

26 931 (58) b

30 759 (54) a

33100 (30) ¢

36 00 (49) ¢

G. proteus 20 350 (120) a

24 731 (108) b

26 750 (108) b

30 687 (83) b

33 782 (110) b

36 710 (93) b

“ The number of samples tested at each
temperature is shown in parentheses.

* Values followed by different letters within
a species in the same column are significantly
different at p < 0.05 (Fisher’s exact test
with Bonferroni-Holm adjustment).
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Table 3-4. Nymphal survival rates at each stadium of G varius and G proteus reared on E. kuehniella eggs

at six constant temperatures with a 15L.9D photoperiod

Species Tfmp Stadium * Ist instar to adult ”
0 Ist 2nd 3rd 4th Sth

G. varius 20 86.7(30) 96.2(26) 100 (25) 100 (25) 80.0(25) 66.7 (30)a
24 86.7(30) 100 (26) 100 (26) 100 (26) 88.5(26) 76.7 (30)ab
26 93.3(30) 96.4(28) 100 (27) 96.3(27) 100 (26) 86.7 (30)ac
30 100 (30) 100 (30) 100 (30) 100 (30) 100 (30) 100 (30)bed
33 96.7(30) 100 (29) 100 (29) 100 (29)  96.6 (29) 93.3 (30)ad
36 ¢ 20.0 (30) 0.0 (6) - - - 0.0 (30)e

G. proteus 20 86.7(30) 100 (26) 80.8(26) 85.7(21)  66.7 (18) 40.0 (30)a
24 81.3(32) 100 (26) 96.2(26) 100 (25) 92.0(25) 71.9 (32)ac
26 96.7 (30) 100 (29) 100 (29) 100 (29) 100 (29) 96.7 (30)bc
30 96.6 (29) 92.9(28) 100 (26) 100 (26)  96.2 (26) 86.2 (29)bc
33 100 (52) 100 (52) 100 (52) 98.1(52)  96.1(51) 94.2 (52)be
36 100 (39) 100 (39) 97.4(39) 97.4(38) 94.6 (37) 89.7 (39)be

“ The percentages of nymphs that survived to the next stadium are shown. Numbers in parentheses are the

number of nymphs at the beginning of each stadium.

* Values followed by different letters within a species in the same column are significantly different at

p <0.05 (Fisher’s exact test with Bonferroni-Holm adjustment).

 Nymphs were obtained from eggs kept at 26°C.

ZOEZEED AL EBIIKR LD TH S (Fig. 3

—1). DL Eo®REDS, WREOWEBTED@E AR SN,

FTF AT ALY R AT F A D XL Y OIEEH I8 7 i
R EENEN, 24~30C K 1M26~33C g s,
IR % A LI 2 720121, fE RSN 2
NEN LELOFPANICRETRETH L LEEZONL.
512, 20C RU24C BT BFF A H AL LD
OsHash I oA ff#1E, ol L Y 82> 72 (Table 3
—4). EWRBIBRE M & L C o mifE o KB K B 51
BwTiE, MarmzmHMe» CHET 208 N H 5. Wl
DEIFZH 72 TIE, il 7B o> 5w i # P N © f IR %
Mz AT 5 2 LIC X ) MHEOFEE 2 HI#H$ 25 2 &A%
BETHLD, TFADALVIIBITLEGREFED, K
OREHGE % AT 5 720120F, 1S OSBiG%) B 11
26C U TOMIRSMCOfE X #IF 5 2 LRI ND.
26C, 15L: 9D FTARS 2T TITA Ay 3 a gl
DARELGZTHFITADALT R AT T AT ALY %S

HBL2EZh, WEYGHROFEHRLOEFREZAEN,

34 H B UHI28%, #275H R UHT1I% TH D Z &AW
Lt oTnd (BE28E). AEIZBWT, fHFAEHRNIC
KBTI TAYIF T T AL NIE G2, Rk
CRCIRERCHESE T CHifiZFE LA, RE

15

HEUXFARBETH o 7225, TWidE & & AT HE O FEER X
DHEL, BICAFT A DALY TERBICE» - 72
(Table 3—4). # X & ¥ HIZI®T A EZ T4
(extraoral digestion) % 17\, fEDIRNIZH % FK %
slurry & XN 2 IEEIICEZ D 2 ERMOENTEDY
(Cohen, 2004), ¥ ANF A X L VEHORFEIZIZA Y 3+
YT XA FINEOHOMHE L L ITHEEORKDLET
»5 (KE, 2003a) WAFZETIRH VA OMBIIRE -
723, RMOELLFROENIE, KRG OFEOG A
WELILEZOND.
DLEo#Rrs, kGt ffelTAyary
FTIGAL AP G52 5 FFEAF AN ALY R A4
ANALYORBERIIZHL TWDLEEZBNDL. Lo,
F2EICB VT INS O & H\T26T, 15L : 9D4AF
TCHMOENFAT 21T 25h, T AHALTOH
b31E33% &Ko 72, AfrE % W THFME 2 5%
LT 270D BERD—D L LT, $2ETHlNL)
WCHEVORBIRFONL. FHICEF AH XL VITBWV
TiE, dRICAEB T 26 bullatusTHBEE I N TV B
(Readio and Sweet, 1982) & 9 %, K44 XD K & %1
PRI X B/ S RO AR B B E O BAI T3 2 &
BLIELIEZEOONS. DX itfvwolhikgEe: LT
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&, SHEAESNOMEOWRIC X 2 FE KR LOALE
AR O ZET 5N B D, FEFEOEHOBIE, S
&, F—fHEERNONROIET AT — T 2w ie R Y i
ABHIEHEEEEZONL., ZD72DI2IF, 1ZITFKEC
JRAL L7222 2 [ — B IS AN TEE 2 Blin % )72 i

VEAHIEPHEREIND. T, KEIIBTHHAEDORR

A T TR T & i L TRl 0 %E H o
E5DEDNSWEHIAHDH ST 5722 L5 (Table 3

—-2), WHEZR) FHFREEHRELTEIMTL2 LD,

FHEMEOFREAT -V LT 2IRATHELERDL
N5,

SB281 26°C RMTICH T 5 3ETERE

1. #&
WIS BWTIE, F2ETHIELAA A A A X LT RV
E AT F AT XLy OENEFEE KRIFICRA L 72k=
B OIS L 2 M E LT, MEORERME
WS L, EfEom Lo MR oMz i L 32
720 OFEFHEEMICOWTELE L7z, IR OB o il
HEMEMCE LTINS 0MRAZE D &1 L7/ A T
REEE 2 OND2S, WREOBIHRE)SE, TULEOEHOR)
RACIC L E 2 IR OAERIEIC O W TR TH 5.
CCOARHITIE, RO KRB B\ CREHENY 7 A
FMOHPHICH D EEZ 5N 526TC, 15L:9DEMFTICE
VT % U O REGRARDL R A A I &2 B A L, KR Al
WIS 5.

2. MERUFE

(1) #E=

FFAAALY, CAFTFAARALTEDBIZ, FEIHiO
EBREF—OMBEBEEH Wz, wihd, $E2ETHEL
REFEICLY, AVaFFT I AL HTOINEMIC, B
W 2 PERSEEIC IV T26 + 1C, 151 9DD AT TR
fREHE L7

(2) PEBPATEARE

26+ 1T, 15L: ODDOEHTFIZBWT, BEHHOFA L
FREDOFER RO EE G, XA ALV R 4%
AR ALY OYREBKEE L7z, 5 R EdRE LT
24IEHE IS T DA M2 FERR L, FILAR 2405 [ LA o i i
1% % 1B % ] — 2R IS AN CRRA IS W72, H L iljfl
&SRS E TIERE R B 2 IR C & o 727200, MK
FECTHESNZMERR (L dn=16) IS LTALEL
7L, RRETE & — D5 T CHERBIGE LB
s, 24 DINICIME L 72 b D% A THEA L 72,
WEHE R B D i H 2 4 (G ARG R A Y aF = 55 X
A7 (f5) Zmz, EIRERE OB % A T26+ 1
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5475 (2013)

C, 15L: ODDOEMFTCHEIEL, FEINOAG M % 245 [ 4512
WAL 7z, MEMER I —HI 472 ) DAY T F 5T AL Y
AR 13400~450M0 H & L, & O K o AR 2
DWW TR HORE HEGERA & MR L7z, Jafsiaft
AL R ORb40HE T T L, 40HD LEBL T
FEOR U 72 70 o 22 WA 1HE IS D W T, FEIRTI ) o0 55 1
TR S BRI L 72,

(3) BEBOEFIAR R UEINH

Tl 7k o> 2 B R 300 4 o0 FR A & IRk 0> B GH T AL 245
VAN o i 18 2 — RIS LCRIE L, il o458 K
ORI A HRA L7z, BRI O MR IR T C
1107z HEIEEOBRM E 7213 TR I AT v
—LORKEZEDORNIATLEF v F ¥ R=IX=~DFEIIH
O LNTHEIE, HLwbLR L T2, AY
IS T T AL B ERET2F v F U R_R= =TI S
A, oA H L.

4) F—2 OB

PEUHTIIN, MPEIREL, ROVH U7 EIEUCOWTIE
MBI L ) B O 2 AT o 72, AoV T,
[ e L A Al ) OB 0 SR & AT o 72, BEDRIERR IS D
W, A EKHE%Z Bonferroni — Holm® Ji#: (Sokal and
Rohlf, 1995 ; /K H - FHH, 1997) 12X Y #i%#% L 7zFisher®
TERfE R SRR AE & F VTR L 72,

MBS (Ro), “PIGMARRER (7), ROV E AR
(rm) DFBIHH/ST A —F 12OV TIE, UTFOR, (Birch,
1948) X DM L7

T= ZX[XmX/ ijmt
Ry= X Lm,

> e_mjxlﬂA' = 1,

KFOKExHH GEORLD SO HE) DEFE, mald
xHH ORI ART. AT, B oL AR KO
FEINB DA TR 7 RO IHE I TH O NI K
DY ROEFREZNENFE L2 D D&, WU EIE
ORI B 526C Sl TOYMBEEFRAE TR
R OMER (FF AH XA LT 10615 (n=26), kAT
AHANLT0.552 (n=29), MAEOPEHIZIIHEAELL (p
> 0.05, Bonferroni—Holm® 7512 X % Fisher® I #f ff
RKRE)) ZRELDDEmes LTHBHIING A — 5 D
HIZH W=,

3. R

(1) ESRHETEAR

T RABDALTR AT A D ALY OREIIHTHH
(CF¥fgieEse) keheh, 187+19H (n=16) X
5.3+ 05H (n=16) THY, FRICHELEDRD S
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Table 3-5. Adult longevity and fecundity of G varius and G proteus reared on E. kuehniella eggs at 26°C and a

15L9D photoperiod

Longevity (Mean = SE; days)“ Ovipositing Totalno of No. ofeggs
Species Females eggs laid laid per day
Female ¢ Male®
(%) (Mean = SE)4%¢  (Mean = SE)*?

G. varius 173.1 £195@8)a 261.7£495 (7)a 100 (8) 2354 +532 (8)a 1.4*£034a

G.proteus  109.4 =174 (7)b 102.0 =287 (6)b 87.5(8) 2347 =485 (7)a 1.9£0.37a
t 2.40 2.67 0.01 0.84

df 13 11 13 13

p 0.03 0.02 0.99 0.42

“The number of samples tested is shown in parentheses.
b Means followed by different letters are significantly different at p <0.05 (Student’s rtest).

¢One G. proteus female escaped in the experiment.

7z (Af=16.7, 1=6.93, p<0.0001, Welch®H#iE) o
(2) FEBOEFEAR KR U EIRE
FEAHALVIZC AT A D ALV LB L THREIC

R <AL L (Table 3—5), ZD7IIMEMEZ N Z164H KO

160H & K& o7z —J, WiflE b o LMo M

WA BRENBD LN o7z (FF A A ALY 1 df=

13, 1=2.16, p>0.05: L AFTF AA ALY 1 df =11, ¢
=220, p>0.05, StudentDARE). PEUIMER, FIEIIEL
JeOVH 472 0 BRI 3] COAEAITED Sk h o
7-.

WA & 3 FE I HT F TR 2 BEIR ATBIEE S 1 (Fig. 3
—2), IR (bomx) ZIZWIFER Y — 2 3% h o7z,

_____ my Lmy Iy
6 r 11
G. varius
4 F
0.5
2 -
g
g -
g r 1 1
G. proteus
4
1 05
2
0 ! 0
0 50 100 150 200 250
Days afteremergence

Fig. 3-2. Survival rate (/x), fecundity per surviving female (mx), and lxmx curves of
G. varius and G. proteus reared on E. kuehniella eggs at 26°C and a 151.9D photoperiod.
Ix is corrected with survival rates of egg and nymphal period (See Tables 3-3 and 3-
4).
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(3) iEE/NFTXx—%

FA AN X LY T X FF XA ALY ORBEGEE (Ro)
EENn2N116.950093.9, FHMAKER (1) 3ZhEh
155.5¢ 1U°87.8, WHYHRIEMA (m) (32N LH0.031 )%
0.051 & S 7.

4. ER

FF AN ADVITC AT T A D ALY &L TR
W AR 3% & RIRICR <, B O AAFHIR S HERE L 12
HRICED > 7228 (Table 3—5), 1 W47 ORIV

OH M7= 0 EEIREIC I CTOAR BAETRO S kdro /.

T/, WAL DWMELREINY —27137% < (Fig. 3-2), %
(A F A A LTINS ST £ TR
DY % D E T O RGNS B BEINDSER SNTe e Pmxl 2k
DWTHI S NN BRI M s SRR Y,
TR TIREA A AA ALY AT FAA ALY LD HEH

18

5475 (2013)

o7z FHICE I T T AR O ROk TR EN S
WIRNCHIS T 2 720, WBERENEROBKIZIEZ 0D

(PG O RWML) 25T 5 (S, 1980). F 7z,
P RIS 0§ 2 bomx D BRI 1, RESPBRAG R\ 3E
WHE WIS X > TR AEK S S (Birch,
1948). Tabb, FF AH AL VIFHEINFHNAE L,
ZORCAEFIHE AR EINE — 2 b b oz,
WY EARBEINEE DGR o 7c e B2 5N 5.

U EDRERNPS, TFADALT RO ATF AN AL
Y?26C, BHEMTIZBEIT 28K &S
MElrosz. UL, HGERETIIEE]H BREL M O M o
BRI CTELT 570, WiEORGHEE)) % i Kb L&)
R KRR Z T 720121, olELFETICB TS
BRSNS A —F &2 ST L, il e S L A T
SR T HLEND 5.
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FAE FTAABDALIRUOEAFFA DALY DOHERE

1 =

WO E I, FFAAALYROECRAFF AT ALY
IZoWTE, REFERZSTEMRL/PRIGEISTT A
MBHINTEBY, R CHE L 2 k4 2E R
x5 B ARG & L CORANHFEI N TnS. L
L, FIHOBEERTEZMETT %9 2 TRITRE, &#
R IR 2 3 5, R o0 AR 70 3l £ 6B ) (2R Y
Thb. ZTITAETE, MEEKBOMMIRAINL
i i B R CTHE E % 5
Koch (# =H:NF=F), 37 rFAfu7HIv=x
Frankliniella occidentalis (Pergande) (T7H# I ~<H: 7%
IR, UF T T T LY Aphis gossypii Glover (1 X LY

11

IN & ZTetranychus urticae

H: 77753 RUE A Nalofiziasn LT,

FAEADALY RO RATF AN ALY DOHRIZEFNTFN
HMCh 2 72560 KITEE 2 ENERTHL ML,

M8 % DR DWW T REZ OFHF AT — VM THERL7Z.

2. ¥ERUFE

(1) #E=

W7z F X F X2 5 vid, 20004E5 A2 T3 R &
EXDORE LB MHBROMEAR, X+ 2H x4
T, 19994FE9HICHTTND F 7 20 SR L2 Kl Sk o
TAREETH L. wIhd, FaETHELAHTEICLY,
ADAFIY T AL H O R, IR & IR IR
JAVT26+1C, 15L: 9DDOSM N CTHRMAME L 72 3insh
(2F 7-133H#) KO5EE . (3F72134Him) Z AL
7o TRTOMBEARIE, FERBIAGTT O 24K 113K D A
bz THifE S H 7.

I, FINY oMM, I A FAaTFEITR
DO2hnEy . (BRI LI LW EEZ ObNEKRE S
OEK), 787755 DEMERBE A+ F 8T KD
o, BMEEZOLMSRE i, FINF i34 v 75y
< A Phaseolus vulgaris L. (il [RE¥T ) #fF& LT
FREHTT, Iy La7F I~ (1988) @
FFEIZHEL, =T XY AF Cedrus deodara (Roxb.) G. Don.
DL E L LC25+1C, 16L: SDOSMAT T, 4 &
IAMIANTEE (£ 227 FLFS, HARBETE () )
L LTH225+1T, 16L: SDOLMT T, Zh-Ehsi
Bl 78T 77 aVIEFEREREAIELY Y —N
OMFENT AN THIEH DAL FT (W [EbBEo])
REWEL LTHERRL 7

(2) EBRAE

BHIRECBIF DA A AH ALY R CRAFTF XA ALY
ORKHEEEZWHLPIIT S0, 26+ 1T, 15L: 9DSM:
T, WIREO 3K OS5l B K A 2 e Ul
Table 4 — LZ/R L7245 BECTH- 2, 242472 0 offifx
BEHA L WAAEEFig 4- IR L EZBRAES 2 /K
LTCEMLAZ Fig. 4-1IRL7ZZEHITF v F =%
— APV EEIem, HE2ecmDTITAF v I r—1
WWAKRZIRD, FvFrR=X—%FER e 7-H M P
iz &, 2o 112899 7 4 )V &AM (Pechiney Plastic
Packaging Inc. #) ¥ 72134 F TN %25 cm x 5 emiZ¥) -
THETV—F &L IHVFAuTHFITIMERE
BHEROBIHOEE R KARIF L L, [Eheirts/zo (i,
1997), AfEEMRTHBICE, NT T4 VLAMOT Y —

Table 4-1. Numbers of prey supplied to G varius and G proteus nymphs at 26°C under a 15L9D photoperiod

Numbers of prey supplied for 24 h

Predator instar Prey
G. varius G. proteus
3rd mstar 7. urticae adult females 5;10; 20; 30; 40 5; 10; 20; 30; 40
F. occidentalis 2nd instar 3; 10; 20; 30; 40; 50 3; 10; 20; 30; 40; 50
A. gossypii apterous adults 5; 10; 20; 30; 40 5;10; 20; 30; 40
H. armigera eggs 5; 10; 15; 20; 30; 40 5;10; 15;20; 30; 40
H. armigera 1st instar 5; 10; 20; 40 5; 10; 20; 40

T’ urticae adult females

F. occidentalis 2nd instar
A. gossypii apterous adults
H. armigera eggs

H. armigera 1st instar

Sth instar

10; 20; 30; 50, 70; 120

10; 30; 50; 90; 120

10; 20; 30; 50; 70

10; 20; 30; 40, 50; 60; 70, 80
10; 20; 30; 50; 70

10; 20; 30; 50; 70

10; 30; 50; 90; 120

5; 10; 20; 30; 50

10; 20; 30; 40; 50; 60; 70; 80
5; 10;20; 30
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5475 (2013)

A
©
o
3

Top view

|
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»
[
i
h
'
h

Strawberry leaf
orcling film square

Predator

Petri dish |

Prey

S—
Side view £

Holes Filter paper

B

“—\Water surface
— Kitchen paper

Fig. 4-1. Top view and side view of the experimental arena. A strawberry leaf square was used for the experiments

with T urticae adult females, A. gossypii apterous adults, and H. armigera 1st instar. A cling film square was used for

experiments with F occidentalis 2nd instar and H. armigera eggs (the former supplied with a small amount of C.

deodara pollen).
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Table 4-2. Levels of significance by ANOVA of effects of prey density on number of prey consumed by 3rd and

5th instar of G varius and G proteus

G. varius G. proteus
Factors
df SS F-value P -value df SS I -value P -value
3rd instar
T. urticae adult females
Density 4 402.68 226 0.0780 4 119.72 3.25 0.0201
Error 45 2008.60 45 415.00
F. occidentalis 2nd instar
Density 5 5830.13 2948 <0.0001 5 241.08 5.79 0.0002
Error 54 2135.60 54 449.50
A. gossypii apterous adults
Density 4 163.32 231 0.0728 4 285.08 6.96 0.0002
Error 45 797.10 45 460.60
H. armigera eggs
Density 5 2332.48 6228 <0.0001 5 103.68 6.06 0.0002
Error 54 404.50 54 184.90
H. armigera 1st instar
Density 3 631.48 1542 <0.0001 3 181.70 11.46 <0.0001
Error 36 491.30 36 190.20
Sth instar
T. urticae adult females
Density 5  14550.80 19.80 <0.0001 4 826.52 17.25 <0.0001
Error 54 7937.80 45 539.00
F. occidentalis 2nd instar
Density 4 22567.52 18.47 <0.0001 4 5308.48 12.06 <0.0001
Error 45 1374290 45 4950.90
A. gossypii apterous adults
Density 4 352340 12.51 <0.0001 4 260.92 4.74 0.0028
Error 45 3169.10 45 619.80
H. armigera eggs
Density 7  26231.60 100.50 <0.0001 7 720.00 4.59 0.0003
Error 72 2684.60 72 1614.20
H. armigera 1st instar
Density 4 2401.80 5.82  0.0007 3 27548 12.64 <0.0001
Error 45 4642.70 36 261.50

BHL o 72K EFBED R CHEEORKIT R AR
FELTWD WSz, Fig. 4-312RLALH IS, o
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Fig. 4-2. Mean + SE (n =10) of the number of prey consumed in 24 h by 3rd and 5th instar of G varius and G proteus

at different prey densities. Different letters in a graph indicate significant differences among prey densities by
Tukey — Kramer test (p < 0.05). See also Table 4-2. Data shown with a black bar were pooled for calculation of the
maximum number of prey consumed (Fig. 4-3).
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Fig. 4-3. Maximum number of prey consumed in 24 h by G varius and G proteus at 26°C under a 15L.9D photoperiod
(mean + SE). Values were calculated from pooled data shown with black bars in Fig. 4-2.
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Table 4-3. Levels of significance by two-factor ANOVA of effects of predator species and

instar on maximum number of prey of different species consumed

Prey Factors df SS [I-value P -value
T urticae adult females Species 1 98.47 1.76 0.1870
Instar 1 13519.53 24191 <0.0001
Species x Instar 1 7056.61 12626 <0.0001
Species at 3rd instar * 1 98.47 1.76  0.1870
Species at Sth instar 1 1024427 18330 <0.0001
Error 116 6482.96
I'. occidentalis 2nd instar Species 1 7570.16 4376  <0.0001
Instar 1 2058142 11896 <0.0001
Species x Instar 1 511.57 296  0.0882
Error 116 20069.34
A. gossypii apterous adults Species 1 13.17 0.32  0.5700
Instar 1 3574.10 88.09 <0.0001
Species x Instar 1 2716.75 66.96 <0.0001
Species at 3rd instar 1 13.17 0.32  0.5700
Species at Sth instar 1 453963 111.89 <0.0001
Error 116 4706.37
H. armigera eggs Species 1 2904.97 93.99 <0.0001
Instar 1 1863133 602.81 <0.0001
Species x Instar 1 6628.01 21445 <0.0001
Species at 3rd instar * 1 2904.97 93.99 <0.0001
Species at Sth instar 1 37363.89 1208.89 <0.0001
Error 166 5130.67
H. armigera 1st nstar Species 1 211.60 3.68 0.0580
Instar 1 1159.26 20.16 <0.0001
Species x Instar 1 942.51 16.39 < 0.0001
Species at 3rd instar 1 211.60 3.68  0.0580
Species at Sth instar 1 4403.27 76.57 <0.0001
Error 96 552043

“ Simple main effects by each predator instar were tested when the interaction between species and

mstar was detected.
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Table 5-1. Initial densities of target pest (7. urticae) and temperature in strawberry
greenhouses

Initial density of spider mites ~ Mean daily temperature (=SD) (°C)

Treatment
(adult females/plant + SE) February March April
G. varius " 0.75+0.17 13.0£63 154+68 193+64
G. proteus b 0.30 +0.05 132+£63 15769 19.7+6.4
Control 3.80+£0.39 13.1£64 154+£7.0 192+6.3

@ Sixty strawberry seedlings were planted in each greenhouse with two beds (total bed area:
7.82 m?) on November 14,2002. The greenhouse was ventilated through ventilation
screens with a mesh size of 2 mm.

5 Third instar nymphs of each predator were released at the rate of 2 per plant on January 31,
February 7 and 25, 2003.
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Fig. 5-1. Density fluctuation of 7 urticae and G varius or G proteus on strawberry plants

in the G varius release (A), G proteus release (B) and control (C) greenhouses

(see Table 5-1). Arrows show the timing of predators releases. Vertical line
indicates SE of mean.
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Fig. 5-2. Appearance of strawberry leaves in each experimental compartment at the final stage of

the experiment (April 22, 2003).
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Fig. 5-3. Distribution of G varius and G proteus on and around the strawberry

plants in treated greenhouses (see Table 5-1) . Numerals above the bar denote

the total number of insects observed in all timings.
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Table 5-2. Initial densities of target pest (4. gossypii) and temperature in

a

watermelon greenhouses

Initial density of aphids

Mean daily temperature (+SD)

Treatment

(adults/plant + SE) (°C)
G. varius’ 1.76 + 0.08 28+75
G. proteus” 0.69 = 0.05 27+72
Control 11.9+0.73 25+7.1

@Ten watermelon seedling were planted in each greenhouse (50.0 m?) on
March 24, 2003. The greenhouse was ventilated through ventilation screens

with a mesh size of 2 mm.

b Third instars of each predator were released at the rate of 30 per plant on

May 8, 16, and 23, 2003.
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Fig. 5-4. Density fluctuation of A. gossypii and G varius or G. proteus on watermelon plants

in the G varius release (A), G proteus release (B) and control (C) greenhouses (see

Table 5-2). Arrows show the timing of predators releases. Vertical line indicates SE of

mean.
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Fig. 5-5. Distribution of G varius and G proteus on and around the watermelon plants

in treated greenhouses (see Table 5-2) . Numerals above the bar denote the total

number of insects observed in all timings.

4. ER

KREIZBNT, AL DT85 77545 %2PKT5HB
TAFANRALYOYRERY LIZRF L7225, 4F
T U 7236 L AR RN I Es L, T Ok
B, EREEIMCHER SN A F AT RALNVIEAALD
WCBWTHMELR CFER R A RIETELE2ON
. BRI X 2 E BBhBRRD R E R <, 3 Hh Lo s
WEAA S TAREERAVSEHELE L THH#EYTHL bR
505, AEFETH A F T TOYE & BRI R H o #%f
WEEBDWA L, FERTEIMUEEIIS L bFrTH
o7 AEBIREM & L TOELIZE LTI,
= (RIS, 2010) 5, AL PR ZE L TE
S, HERPBRRYR & R S 5 70 o A
DERFENPLELEZ OND.

—F, BAFF AN ALIVHHERXTIE, 95T TITLY
WX B FEHB BRI RIS N 0o 72 H CHERE
EN/e AFF AN ALY OMMEEIIAF A AL TR
&< k57245, ZD90% LA EASKEICAT O H R THE
SNz, A FITTORALFARE COFEICE ) EERE
BEHSZEERTET 8T 75 4 v L OBBHE KA
Slelz®, BiBRMEPE LN Loz bR EN 5.

B M O EIC B A2 L, BN TRERML
7Rk O E U A W~ O U & AE L7231, e R
FFAAAALYEDHFF AN ALY OFHAEL TV 5
YEZONT LHL, EAFTFAHALVIZOVTI,
HIR 0> & 9 WS LA AT ) M5 BV T HARTE AR
ALIRLIBH SN TS CEIEIZH), HAUIT 24
BRIV HH L DMRINT VDD (B4%), T4
RORES % ZD TN OIEH L DR T RETH 5.

INU T

30

E3H E—vIlBTHEHRMBRDR

1. #8

MREHFE DY —~< v TlE, BICEHBHFELREIHEL
BIZTIH U FATTHFITEOTHI T EHOREN
LIFLIEMEE A, —T, A+ AT ALIIEIH FA
O7HFITIHTIEWHERN O LWL
oTHBY (BH4ATE), 7HI 7 <FISHT 5 Bl FRIC 8
N2 BREM & L COmHPSHIfES NG, /2, A
TaAFITTALTOPREERDETNVE LTHCZEN
FEERIZE Y, FTFAHRALVIFE—< ITER LI
R E AT S e s TB ) GFlES, 2005), A
FEHWCTE =< D7 I E2RTE 2 WREELD
L. LaL, BB TT Iy~ EI A L -EY L
VIARE % U L 7235 G OB BREI R IO W TE, oy T
OEBEDEOTHED R\, T2, HIHROE2HICBT
BWRZEL, FAADALVIECAFTFAAALTLED
b KEBHAA 2 T 5 2 L1 X AWM RRER & L
TOMHAPEFLREN TV LD, LAEREE LTo
Uy FERIEPLTE L OB ZRIGT 28825 D,
FMET O & EROMAEDLRIIBWT, Kz W7z
EHEMOGFH 2 BRI 2LEND 5.
ZZCAEITIE, BB TTHEI 7<HICHT 548
WRBBEM & LCOFF A H A L OEMMEE T 5
HW T, &3 X /)NF 7 % I 7 <Frankliniella intonsa
(Trybom) (7H#3Iv~H: 7HIv<f) RIH %
AT7HFITIPEETLIE - VICARMZ A L, ER
W Ol O PEHERS & AT L 72,



RIFH ¢ REMEHE KECE T AT AL D ROE AT T AT A L QA RERIANG N Wi 2 F W 7z B 2 & S BB 9 5 0 9E

Table 5-3. Record of biological and chemical pesticide applications in greenhouses of the sweet pepper

Application
Active ingredient % (Fornmulation) Products Dilution
Date Frequency
Insecticide
Imidacloprid 1.0 % (G) Admire 2g/ plant April 18 1
Chlorphenapyr 10.0 % (F) Kotetsu 2,000 x  July 5 0%
Fungicide
Triflumizole 30.0 % (WP) Trifmine 3,000 x May 16, June 9, 14 3
Triflumizole 15.0 % (WDG) Pancho-TF 2,000 x June 24, 28 2
Bacillus subtilis 1x10"" CFU/g (WP) Botokiller 1,000 x  May 25, June 6, 20 3
Bacillus subtilis 5x10° CFU/g (WP) Impression 500 x June 26, July 8, 11, 20, 25, 29 6
Cyflufenamid 3.4 % (WDG) Pancho-TF 2,000 x June 24, 28 2
Potassium hydrogen carbonate 80.0 % (WP) Kaligreen 800 x June 30, July 2, 22 3
Sodium hydrogen carbonate 80.0 % (WP) Harmomate 800 x July 5 1
Fenarimol 12.0 % (WP) Rubigan 10,000 x July 15 1

2 @G: Granule; F: Flowable; WP: Water dispersible powder; WDG: Water dispersible granule.
b Chlorphenapyr was applied only in the greenhouse under the conventional control.

Table 5-4. Initial densities of target pests (F infonsa and F. occidentalis) and

temperature in sweet pepper greenhouses “

Initial density of thrips Mean daily temperature (+SD) (°C)
Treatment
(Mean/plant = SE) June July
G. varius® 0.42+ 0.04 244+50 252452
Conventional control 1.00+ 0.08 239+ 46 25.0+52

@ Seventy-two sweet pepper seedlings were planted in each greenhouse (108 m?) on April
18, 2005. The greenhouse was ventilated through ventilation screens with mesh size of

1 mm size.

b Second instars of G. varius were released at the rate of 5 per plant on June 2, 8 and 15,

2005.
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Fig. 5-6. Density fluctuation of F intonsa, F. occidentalis and G. varius on sweet pepper

plants in the G varius release (A) and conventional control (B) greenhouses (see

Table 5-4). Solid arrows show the timing of G varius releases. Open arrow shows

the timing of Chlorphenapyr application. Vertical line indicates SE of mean.
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Fig. 5-7. Distribution of G varius on the sweet pepper plants in treated greenhouse

(see Table 5-4) . Numerals above the bar denote the total number of insects

observed in all timings.
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A CTEEHEZ I 5 ZEHPEETH LA (T, 2005),
RIS 2 RO B3 A~ OALD FRICEHTRET
HBH. FFAAALYOKRERFIZB T HEMED Z b 2]
W %9 2T, LBEWENOLET 2720 0RRNORE L
DT, iz B %2 MV fEEOR LT L %

7
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AoN5., ABRHCHEL T, $EHdINFETIC, LKk
G punctipesD i E FIZBIFE & L7z N Lf %} (Cohen, 1998)
RZDYREEIERRIZ L A+ X7 A LY O & AATz
A, A2l U TR EME L2 aIlidAyar
¥I XA HIE G2 CHE L2E L L T RO
RAOKMEALC ORI, RIEKR), A 2T~ T
ZIEE-oTw v, L, a2 s vBedge L
2 NTEE ORI 2 #5 i3 EiLoic b H 1) (Bl z
1X, De Clercq et al., 1998 : Ferkovich and Shapiro,
2004a ; Ferkovich and Shapiro, 2004b ; Castané and
Zapata, 2005 : Bonte and De Clercq, 2008%%), #+ % X %
ALY RO AT F AN ALY OFEH L MK Ok
bR EZ OND. ThOEDOMRESEIL, 5H

A MR TR S e o AT ORI L, Zh

ZCTEPET A N DR KREHGSAM DAL TIN5,

—7J5, #3FE TSI LM O K O R O3 E K
O M0, ZR 2RI L 22l E iR P
£ 2 KREHEEM ORFL LK 2 MEICEHKT 5 L & 2
N5, L, BKHEIZBU B H5EE) K OAAE H B oA
1326C £ TOATOERMIEE > THBY, FULBEOER
ZIRBALT 5720 DWERPA TG TH L. WIMIAERT 5
TR DULARFE R N T A & VHICBIT 2T, fFR
FEGAF O X ) NI RIS OB T X — & %
FEDUHTIAR, PUEBOELF H SR E (R % 2 L
HENTWS 72 (Dunbar and Bacon, 1972 ; Nagai and
Yano, 1999; Kakimoto et al., 2005), 4%, fiHEHFHICH

WD 2 EDRUE SN D IE N OBMBOMERA FIZBWT,

AR D A % D B LED D 5.
2. EREIFHEOREER

AWFFETIEPAFE L 72 L H I & AR H B3 K OHs
BRIFICBI DT A DALY RTCATF AT ALY D
BEREEHMAE I A O I Lz (5533). /o443
T, fERE R FEE R S AR O i Kdl = % B
LMLz, INHOMAICEY), TNETRITETH -
To R & AR B EAT & LT WA T & & L 7T
Al R A HERBE DA O E D D HRRET R & o 72, Bl
2L, BREE NS R OBIT» 513+ X T A L
UHBCRATEARXA ALY EDSHETH Y (F4%), Higl
BEJIOBETIXMIZ AFF A A AL PRREND (5
3T) Z LAURME SNz BUEREREIC BV TRIROE W
Kz et CE T 2556, MY & K <
X EMH SN S E KNSR L D (van Lenteren and
Manzaroli, 1999), LAY CTIXMFEEE D 2R S5
DIz L, REfTEEN IRV, 72, HaEEiE
FADPATECE B OFERMAEZHAEL, M XmmcmssL
iz, WEAREMES (WRERIDD) Bl

33

FEFE LWEHETIED 575, EHIED720 DLIHSEMET
7R\ (KB, 2003a). SO, F A A A LTI
HARBMER MR N2, £HEINTH T 2 AR 2T L C
AL E FARICEMIE T % 7 S1F, KERENC X VL 72Kik
ThobrEHWTES. $/, BEREOMERHLEL S, K
~HRIE TIEA & A A A LTS, h~ iR Tlde 2 4%+
A AR Y RENEIMS &I L TR o447 L BE
WCHENDZEDW S E o (BE3F). AWML, MWk
DOREIFAI BT 2 B IEEHROR R 53, A
B BAFONRERLEFT OB EOERD L TH %
SO REMED B 5.

L L, AT S 2 & % o - Wmifd OBy 5EhE )] J Ol
BRI RERG T TORRETH L7720, ThHoT
— 5 OHKRTIE, FHYHCHEMBT S TREMED D 5 % bk % il
BESAE T & AE L 72 Wi O RE ) O FRiEHIi M T H 5.
F 72, FEEHVER OBAEC L CIE, B ok
BHHATAFITTAATOINEHELE LIEDOLDOTH
D, EYTORBRNS L %5 ERME S 2 25610, £
OFMEIIR LI ENTFHEINS.

B REO D OMFEE L TEEZ O, B)ko
WAL L ROARER L TH Y, miE AT &
WM TH D (KB, 2003a). HEAHEMIE, KD
BRI CTRE LRI %155 ik, Hix OBREi4&M
IZDOWTHEL ZETHAHEEZLN, TORIIIE, fiz
DS TR R EBIBE T 2 B2 17, LX) Jwhik
RSB T®EE, Y32 —Ya VEFVERFIN
L72hik02o07 70 —F55 5 (K¥, 2003a). R
MHEZ[ZOE LA SITEEI LI TCDE I
L7z& ZICI3ER L] v ) RBEOMA EIFTH Y,
Z 9 L7-REr A E JUEARREEIRI 0 2 7 = X 2 DB % pF
bbb O biE, BEOZLRH LB &Moo
EoT, HHITERMARS D L Gl 5, 2003).
—h¥Ialb—YarEFVERFIALETE, —E
EFUAERTIUE, T T IV O RE R R A Tl 72 F
Bl 2 P42 2 L IZHEBENAES TH S (REF, 2003a).
EHRREE OISt & — AL L7 2 o0 X 9 7255 B R aE
Wl OB WA RBKCTIHESNITBY (HE S,
1998 ; Urano et al., 2003 ; {f¥F 5, 2003), +F A H A A
IRV AFF AN ALVICOVTHINEH VLI ET
WBE 72 TR TS R O FHTRHIAS T RE IS %2 2 £ £ 2 5
N5, HL, KREFLAOLTIEDITE, FHENRE T2
EH R OARM L G 2 7o Y56 O KON E AR, Kk
Y72 OH LS D ERED/T A= HPLETH 5.
D7), SHRNFENEZWIEIIL, Thozffe L%
BRafr) 2LICXD, BRI A-FERHTRETH 5.
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3. EIBICH T3 ERBHBRBE
FFAAHRXAAVIZC AT T A DALY L) HEY~DE
HEVE & ERBEBRRDAR ARG 8 <, REH Lgafb LC
FHAT AL, AT AA ALY D b F A H R
AVAELTWD EEZ LN ZOMEIKRM o 1 F
I, F~FBOAL HDEELIZBWTHEEETH Y,
HE AT o 72 ¥ =< Y I2BIF 2 ERPBRARRB T, +
AN AL VIZE D ECERBIBRARARE N2 DED
RS, REIIPIBRRIREE AR LSS 2 &% A
WA T & 2 B BREM & L CTEALTE S 2
EDWIRES NG, BRI RIS S T B KU IR

Existing IPM program

O

Control

HE4MEFCAIKIR T 25252 {, TSI 3K ORI
HAMT O N B EY TR ORI H S EETH %720, Hi
ZAEA FITIE, FRICEIMT 2793 < FHOB BRI
HATE A KMOBHFVPHEHLREEINTD., T AT
ALY HHHGEBETTHRIRT 2 Z WS EH>TnD
A (WIS, RFEER G5, RKIER), AMIZONWTIES
L L NS 1956 i e ol Nl B S L R AV s
ERP R AN HETOEMMESFESRTE Y, M
5E & IT 2 FI 0 P C LA 0 A AR IR 12 % 18
FTHUENR, F72, AFADALVEIA FAuT
FI AT AMARDPE NI E LWL > T

@ Insecticide (Granule)
Olnsecticide (Spraying)
: “Insecticide
(Occasional spraying)

Spider mites

N. californicus

&

P. persimilis

—

/\"1—17

g

Avhids e

N colemani

RIS e B

“ ff-/ ® ! Banker plants
/*/

O

New IPM program (with G. varius)

Pests

O

Control

/ ’V
y @

G. varius

Spider mites

a

W
{

N. californicus  P. persimilis (occasionally)

—

/..-\’-1—!-; [y ,'

7 f
-

a A. colemani

T /Banker plants
Aphids I I

| Sep. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May |

Planting
Management @~

Start of pollination

Start of harvesting
Ve

End of harvesting

End of pollination

Fig. 6-1. Existing IPM program (upper) and new one with G varius (lower) for the
forced culture of strawberry in greenhouses.
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Table 6-1. Effects of agrichemicals on mortality of 2nd or 3rd instars of G varius

Active ingredient

Corrected mortality”

Source

(Criterion of concomitant use)

Insecticide

Organophosphate
DDVP(Dichlorvos)
DMTP(Methidathion)
Malathion
MEP(Fenitrothion)

Synthetic pyrethroid
Fenpropathrin
Fluvalinate
Permethrin

Carbamate
Methomyl

Insect growth regulator
Chlorfluazuron
Lufenuron

Neonicotinoid
Acetamiprid
Nitenpyram

Acaricide
Bifenazate
Etoxazole
Milbemectin
Pyridaben

Spiracle blocking
Decanoyloctanoylglycerol
Hydroxypropyl starch
Propylene glycol fatty acid monoesters

Others
BT
Chlorfenapyr
Emamectin benzoate
Pymetrozine
Pyridalyl
Spinosad

Fungicide

Polyoxin
Sulfur
Triflumizole

Satoh et al. (2012)

Y. Satoh et al. (unpublished data)
Y. Satoh et al. (unpublished data)
Fukao and Oida (2010)

X X X X

X Y. Satoh et al. (unpublished data)
O Satoh et al. (2012)
X Y. Satoh et al. (unpublished data)

O Satoh et al. (2012)

x Satoh et al. (2012)
x Satoh et al. (2012)

Satoh et al. (2012)
Y. Satoh et al. (unpublished data)

O x

Y. Satoh et al. (unpublished data)
Y. Satoh et al. (unpublished data)
Y. Satoh et al. (unpublished data)
Satoh et al. (2012)

x©@ OO0

Fukao and Oida (2010)
Fukao and Oida (2010)
Fukao and Oida (2010)

x OO

Y. Satoh et al. (unpublished data)
Satoh et al. (2012)
Y. Satoh et al. (unpublished data)
Y. Satoh et al. (unpublished data)
Satoh et al. (2012)
Y. Satoh et al. (unpublished data)

ONCRCNONCXC)

© Y. Satoh et al. (unpublished data)
© Satoh et al. (2012)
© Satoh et al. (2012)

H728 (B54%), REBFBREIAFTIBILTHIVR
OB BRAR 2 AR B EA & L ComiH2RF S

5.
—J, FFADALVIZIEENETH Y, BEYITRE L7

BRZid, REESLEOPBNRERE & HI1254 L 7ok
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¢ ©: mortality < 30%, O:30% < mortality < 80%, x: 80% < mortality

OEIUIR LT O HEIMFIR R 2 5 2 2 LS h
5. L LAWIEIZE T 2 F BB RAEBRIE W b4
EOENRE (FRE) 2SHMTHRALHmTirbhizd o
Thh, INEBGET S EIETE b ol WHEEFN
B9 2 P AT, A A X A V2R E R
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RS 2 7208, EREOMAGDLRHICL - Tl %
FIRICBRS B 058 8, FlH-> THES 25605 %
CEWHERTE TS (RIS, KFEF). WM TRIKIZ
AT EROMAGDEIIEFICEHTH L0, &T
OERMELTHF AN ALV 2 MEOMENE I 5
MCT B EIEWEETH 5%, MO M)A ik
OBEHTHEAF A D ALY O EIFFICEELEZ
bhblcw, SHTEHETIEL DNy -V 2R LS
BRaArv, EZHO 2T 2 0ENH 5.

T/, WA RSB B A 4 AN A LY ORI %
A L 7ok, iAo R ARAE & AR, AMIZEIFICE
ATERED RS, WO R EIRN T 5 2 & AR S
72, ZOBRVZ, AMOMME R KREMMLZRHET 29 2
TRIFFIAHMREZ R SNTA, KL FET 2 M55
DI EBHSEOMBERBAAAES 5 2 L2 ME L2Ys, F
)V K& (intraguild predation: IGP) (%[, 1996 ;
ZH 5, 2009) OFAZFHRET 2 BLEA 53R TH
bEEZOND. F72G punctipesSs, WNOFRIBTETIZ,
FHEKEIZEZWANOFEDLME SN T D (Cave and
Gaylor, 1988a : Cave and Gaylor, 1988b). # %+ X H X 4
Y OINEFIHS 5 FEEDHERIIII SR> TRV
O, BUERESN TS 44 2 h A 5y ORI E TR S
¥, WHEARLIEO WG ~OEE 21305 2 LI128 ) RHIH
KAz FRBERICH VS X9 25E1208, JIFFAEgEoM

MR DBHFOHMIIOVWTERETNELEZONS.

4. #EER

AUFZEDOR G E LI22Mi A A B XL THDI L, *F
AH AL VIR BT B E RO LR B &

LT, MRAWGETOIWHB TR TH 5 Z L HVRER S .

HERT BRI EIUC X 2 NEASHIE & 7 5 MRk B H T,
KRERGE L 72A & A A A LY 2P EREBREN L LT
MARLZEIZED, WTFRBIPMA S HICRET L2 &
PR ENEA, 2 TIRZFO—FIE LT, A FITH
BeCAd AN ALY R HMA LY E0H 72 2 IPMIAR % 1
%3 5.

BUERIR SN TV B EN 3 4 F T OIPMIASR (HHES

2009) Ti&, Fig. 61D LERIIRL72E B, Ny =HD
Bi B2 F V) h 7 ) ¥ = Phytoseiulus persimilis Ahitas-
Henriot (¥ =H : 7 7)) ¥ =f) ROIvar7r)y=
Neoseiulus californicus (mcGregor) (¥ =H :H 7V ¥ =
), 77 AVEOBBRIZa V< YT T 5 N F Aphidius
colemani Viereck ()F H:a<aNFF) OFHRZENRZE
NHAAENT WS, —F, THI 7L TUIRR
DECEMIBREM BETL ST iRnizD, £oF
BRI B BEEPH LN TV S, REROTF T,
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ZOMOFHERDOKED B0, Bk ORI BN 7
WAL A B ESEAGRIRE TV AR, THIv<IiT 53
Bikk% Kol 23 2 S i, BoHNC X 2 P
BN SNDBELS, NTZROT 7T 55T
D RBACB 5% 0E Y. 22T, Fig. 6-10OTF
BoXHZ, Zo7HIvHOMREH) ARG
MELTHI AN AL T ERMARDIE, A FTIZBIT2
IPMOREICRDKRELHRTE 2L E 26N 5. H5E
TRATAFTICBIT L F INT OB BRIFERBEICB W
T, AARA AL EZIATAPSHATHZEIZLD
NG AT BB R D D Tz, RIFFEOL TR
B FROMME % 13 A5 H TR F2 06 L 72 Bl R ik
B (KHFH S, RFFR) TH, FFADALVICEDEE
L7 EMBRR TR SN TWwE s, 2 ~3HE
ICHAREN TV B THF I T ORBREREZF+ A H X 4
VICEEWZE, BRI AR R W EE XS
N5, ZTORICEINY 2B LTFI A7) ¥ =0l
ADPRENTWDAS, FF A A ALY DB 5585
T, THITIORLLTNT IR LT BRI
MEZFHIHTE, RNKETIORMOA 7Y ¥ =1 d
BWETEDUREMEN D 5.

=7, TH I T LRERE, A T TOER R
BHRVIOAPR~TA» LTINS 20, ORI+ £
H ALY ORI RITWHRE T TEOES MR TE L,
AEOEAF I ESICEVEEZZ LN, KBIIHF
A XY B LB 2w, Fe, 5
BICBIT 5RO RS, Az BRI ZE L <y b
WCEESELDICIE, T AIALVHONY =T
VY ORISR, AN OB (&) oFH
E, A RET L0 TERPLELEZ LN, 54,
FRZE DI & 2 FWBBRAIR & & D ITRE T 2 LMD
%.

K5I, EEHYTIRAF XA ALV X BB RS
HEWMRHEORES TSN, (LFWPiFRE: L OB
VHTHAHEEZLNS. Table 6- 1IN L7291, 1
F TETOMABED R LA BUREO —FIZB W Tid
FF AN AL VKT B ERHA T b (R - KIFH,
2010 ; KD, 2012), FF A A ALY L EIEH L DG
WHERHLRE > TWAS, LA L, WRMICEHLEE
BUBWTRIA S ALY % 9 2 Tld, R E LTS
ARLTWEEZEZONL, F0EHEIE, FERPBRICME
MREPHCONLERIWMZITL I LhS, SHIN
DIWEM RO LW EMEDMEONLITMZ, +F+ 2 H
ALY EDOPHONEBEEZHOENICTLLENDH L.
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WA, BORAE - ZORBBEICRLE L 72 ARG B 2§
LHBZOM LI RHE-TBY, Ihoiind 57290,
HRER D HIL, BIEMOEEE R O EOMRE L, BREH
W OEIAL & DML HERTPM  GRA R E I - MR
) OREAHR BEINTWS, FAETIE, EI2hk
DRI 5 = ALY BB EM & L CRgmfb S, Hiik

RIZZI2BIT AIPMOEHTE LTHHENTWS., Ll

CHOHIIFREMEDHEHS <, WARIIIREDIC X 5 45
RICEPIER SN F B LI Z T b7z, Ritld, &
fgoffir it LT, BAROIEZEREE MY 28) &5
EIIELTW5,

F A2 H AL VERFOMILEROAZL LTHMSN
TBY, BHRERLIWCIESERT B4 4 AW A LY Geocoris
varius (Uhler) M OV& A%+ X A A3 Geocoris proteus
DistantiZ EHEIBE~NOISHBMFEESI LTS, LA L,
AR DA BRI A A Z L, SEESHL S
TWwhwnize, REEWEROREE L CREFGC, 4
WIBBREM & L ComMBoR M IZNEETH L. Z 2T,
ARWFZEIC BTl fE LA M L, B 2 ERE 4 B
LT B E & BT, TEWESE I L7286 o & Rk
R A BT L7z
1. ZFABALIRUOE XX F XD X LD OEIEFED

A O (CRREAFTEORRE

(1) BHSEMECHTEA4 A X H X LY OERERL

THBEETOFF A A ALV PHERT LB W
T, 7R, ®AZHATIFFVY, AEF, AFLTIR
XY THT V2RI, FEARUEMEE T CRINE A L7
LA, 2ARERAZHTTEF VT OEREDIE D
AZFEIIDER I NIz, —F, FEF, WS LT ITROY
TH TV TIRINIFED SNL o7z, RKEEOEIIIH LT
FEHEOBRENLKRE BT L0, ThPSMC B2 R
ZTEREBH B EEZ LT

(2) AF2NAHROADHEBICLIZHEETHURVHERHK

AR D B H LIS I 72 e T — 7 2 B 720,
PRALIE A SRS B A+ ¥ N T HOIND A% 52 7255
BOREHRERNR, AEE, BOICHBNOMEROHER
ZIRA L7z, HHUNGFEIOERBUIA A XA A LT DIF
IME AT A AN RALY XY Ehodz. FERICHERER T
L7208, TF A D ALY TIREHOCH B 220500
SNLEHoA, BAXAFTF XS ALY TIEMEIML Y LA
BICE o7z, Wil e b 1K) BN o A A7 313K D > 7225,
A FF A A ALY CIEGITE L 72 IZIEE TR L
L7z, =0, FF A DA LVIZZF DS AELERAEANHTE

39

£33

L7z, RANEIGIC X 2B BE R K&+ IR T &
BTl VT F AN ALY DEHFRIKLTO—HNE 2o
T REMEDS D 5. Ak F N T FEBINCH T 2L,
WAL SEDHELIIONTE L hofe, AFAH ALV
FTRTOWMM T AFF AH ALY X VIHEBDIEL 572,
FA AN ALY OFERITRTOMMITHEL D 2%
Mol Himl AR s b FEHR-Ec% <, Hic
F A AT RA LY D3I~5HH R TIEZ DI HE TH
7.

(3) AIWCxd 3 EIHE

TAMECTHAE LA T AN ALY R AFH A AL LD
KEBHEZ LT 5720, RIAHEESENRLR BB OAN
TH % WS 2, HEIEEE LCORMEEAT - 72, Wik
DINTE BITHEM LR OF v F 0 R—3— L TED L
NFzAs, FEINIE O BPUE I IS T AEATRD S 7z,

(4) RREAFTEORAFRE

PERISEIT & U CBilRME 2V, K & IEA THBETAEZ 2
VAP T ITAL T O G2 THEIITERT L2 LIk
BEFANALY RO AT F AN ALY ORREAFTD
Bgs & RA . WAE L ISR U IE T B R %
, TUEL 20k ENEN1 3 TH -7z,

i & b BLER ~N DRI AR b £ B2 o 7228, YRS
BRI AE RSN D - 7. KPS X Y WAL RALEH
HAWRE & %o 7228, EWIIBBREM & L CORM % i
& LR R BRI T 5 720121, AR 0m
LA TH Y, FD720IZ AV ORhIRE R 5 0
BhD 5.

2. AFAXHDALYRUOEAFFAHNALY DEE - 1458

i

(1) REZBERETICETZH~HRAOEEAHE
EFE

B bRELRMNTTEIAA ALY R ATF A A A
LY O~ O E H B R OHEARE 2R L. o
BEHRIAFTRER CHRICRERZY, MEfFRELD
BNIE L HAE AR Sz, 33T 128 S+ 4 A A &
LAY RUB6TCIZBITHE AT T AN ALY ERE, JIOF
YREHDBEIFAFTRESRH T 1o TEL ko7 36
CEHETTIE, AFAD AL YOINIBILL e orz. F
F AN ALY OIND33K 86T 2B AL, o
HELEMIT L) OAECMP 72, —He X+ AH AL
¥ T, 20T 2B 2R OIRESMET L L <
BRI -7 R o%E L, & O i H
THBICR o7z, F7-, MLfFREL O, M MF
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R OMEREOBICIE, REAER R Sz IR0
YWREHREIFATRENES T HICONTHEHL o7 36
T &MEFTIE, HFAD AL VIISIHANDOBLE E TO/IC

ETOHRIFEE L. — e X T F A H XL THRTIT,

3~5iaI O AEAFHEA24~36T IZBWT20C L) bEH -
7z R OY IO E R IR ERLE (K) &, 4 Ah
ALY TIEZENENI51LIHE R 433.0H 1, & x4 F 2
B ALY TIRZENZNI8.3H K U226.9H B L HEw S
7o. Fie, WROHIMOFEEER () &, A+ AR
LAY TRENZN13.3/U134C, AT FAH ALY T
ZZN2N16.1 % 116.9C LHfEE Shiz.

(2) 26°C RIETIC& T 3 185EMED

26C, 15L: 9D TIZBIT % B o pE IR =2 AR A7)
MzRHELL., FFATRALYRPCRAFFAARXALTD
FEIRETNIE X2 heh, 18 TH R UB.3HTH ), FEHICH
BRENRD LN, FFAAALVIZC AT F AN XL
EHB U THBICR CEF LA, Wfls b EfEoAAf
W OMIIZ A E R EFRD LN ho Tz IR, &
BERBOR OV H 2472 0 PEIREIC IR COA BT AD SR

o fz WRLE BT X CHERBERY 2 BEIN D BIE S 1,

PEIRHRIEHRE R C— 7 13 oz, FF AN AL TR
e X F A+ A7 X Ly OFBEGEEE (R) 3TN EN116.9/%
0°93.9, FIIARR (1) &2 hZN155.5%0°87.8, K
B EARIEME (rm) 13 F N 210.031).0°0.0561TH - 7-.
VEXODFFAI ALY R ATF AD ALY D26TC,
B H4ME T2 BT 5B
3. AFAXAALYRUEXFAF XA XL DR
FINFZ, IHUFAUTHFIVY, USTTILY
BROFFZNaAROAEEBEHL LT, AT AD ALY
KO AFF XA ALY DOHPHRNZNENIEMTEH 2 7255
BORKMEREENERTHS 2L, e OfffEiico
W EFORE AT — VM Tl L 72, oMK
FHEAT—VIHT 2R HaRIE, WEEOREAT —
VICHDLTFF AT ALYP AT F AN ALY EN S
WHINICH 572, I HYFA0THFI T2 R OF

RN ERW S L o7z,
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FH N HIN T HIRKRIERIL, AT FAS ALY
F0DAFADALTY, FRWAEE B IHLM LY 5
PRTEL L, FEEOREAT =V MICHEEPRD O
2. FINFZMEERR, 75T T T A ERERE KOG
& o33 I ORHALIE TR O 1 E) B0 § 2 i KA i 2B L
T, WIENRLHAEEOMICIIH AR h o 72h, 3§
BAT—VEICIABESRBO SN A EROBI
PODFMEMET, FFRAHTRALTYHPCAFTF AT AL
YD LECHERNARD, FZEEY O SREE NI
LM BREM L L THETH D L EZ b

4. MRBIZORRBEICEH T 3 ZRHBRE

(1) AFIICHT2ZHRMHRRE
FFADALY RO AT F AT ALY EAE
LBt otk & BB R LT 2720, F I
FOFENREDOLNIAF IR ETIVE LTHTEL EN
ZFNHIMCREI L, ER R OWEOEERES % ik L 7.
FARAAXLUIE, RMREREY EIZES L, ZoRRER
BEMEL MR SN, — e X4 A h 2 LV idhi b
NOEAEFEILL, FHBHEREIRL R A 5 72,

(2) RAHIZHTZ2ERFFHRIFE

kDA F I TOREBEFIRIZ, 75T 775 Th5E
LA DT F AT ALY P CRATF AN ALY ZZ
NZENHACHE L, WAL 5k & & W Bl % ik
L7z, EHEEOFRRIIA FTLERABETHY, T AD XL
VEITTITAYOREERWH LAY, B AT T AN RALY
(AX T 7 F BRI ARATED S e b o 7.

(3) E=wricHlt 2ERBBRBRE

ARG & L CHER I NS+ 2 A X LTI
KRR, E—<rO7HIv<EHIIHT SRR E M
HL AFITREAAL D TORBREFBICT T A H X L
VIIEM BIZEA L, BB SR & L BEATR BRI & A
CERBEZIEI L2, 4 A H X L VG TH BRI
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Summary

Biological Study of the Polyphagous Indigenous Predators Geocoris
varius (Uhler) and G. proteus Distant (Heteroptera: Geocoridae) and
their Potential as Biological Control Agents for Horticultural Pests

Hiroshi Oipa

Key words: Geocoridae, big-eyed bug, predator, biological control, IPM

In greenhouses, spider mites, aphids, whiteflies, leafminers, and thrips cause serious damage to many vegetables
and flowers, yet these pests are difficult to control because they are tiny and have developed resistance to pesticides.
Furthermore, farmers are under pressure from consumers to reduce the use of chemical pesticides for health reasons,
and so integrated pest management (IPM) is becoming increasingly important. There are high expectations for biologi-
cal control (augmentation of natural enemies) and IPM because of their safe image and sustainability.

Geocorid species (Heteroptera: Geocoridae) are well known worldwide as polyphagous predators of many species
of Hymenoptera, Diptera, Coleoptera, Hemiptera, Lepidoptera, Thysanoptera, and Acarina. In Japan, Geocoris varius
and Geocoris proteus (Heteroptera: Geocoridae) are indigenous predators of small pests, including thrips, aphids, and
mites, and could be used as biological control agents for tiny pests of horticultural crops in greenhouses. However, for
practical use of these two indigenous Geocorids, information on their biological characteristics is limited. The objective
of this study was to develop a rearing method, to estimate the development and survival of immature stages, reproduc-
tion, and predation ability of G varius and G proteus under laboratory conditions, and to investigate their effectiveness

as biological control agents in greenhouses.

1. Oviposition site preference and rearing for successive generations of G varius and G proteus

We investigated the oviposition site preference of G varius in the fields and those of G varius and G proteus to the ar-
tificial materials in the laboratory, and established rearing methods for both species in the laboratory. The potential
host weeds examined were Pueraria lobata, Solidago altissima, Artemisia indica var. maximowizii, Humulus japonicus, and Cay-
ratia japonica in the habitat of Gvarius. We found Gvarius eggs on the lower leaf surface of P. lobata and S. altissima.
Notably, we found more eggs on P. lobata with a higher trichome density than S. altissima. We studied the development
of G varius and G proteus on eggs of Helicoverpa armigera without water at 26°C and a 15L9D photoperiod. The nymphal
periods of G varius and G proteus were about 34 and 27.5 days, respectively. The amount of H. armigera eggs consumed
by females and males of G varius nymphs was about 2.9 and 2.4 times, respectively, that of G proteus. By contrast, the
survival rate of G varius was lower than that of G proteus, particularly in the 1st instar nymph. Geocoris varius and G.
proteus females deposited most of their eggs on cotton fabric in preference to kitchen paper and copier paper. They did
not oviposite on the copier paper. From these results, we established a method of rearing G varius and G proteus on

eggs of Ephestia kuehniella with water on cotton pieces for oviposition.
2. Development and reproductive potential of G varius and G. proteus provided with E. kuehniella eggs

We studied the development of G varius and G proteus, reared on E. kuehniella eggs, at six temperatures of 20, 24,

26, 30, 33, and 36°C and their reproduction at 26°C. The lower developmental thresholds (7i) and the thermal con-
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stant (K) of eggs and nymphs of G varius were 13.3°C and 151.1 degree-days and 13.4°C and 433.0 degree-days, respec-
tively; those of G proteus were 16.1°C and 98.3 degree-days and 16.9°C and 226.9 degree-days, respectively. The
survival rate of G varius eggs was significantly lower at 33°C than at < 30°C, and no eggs hatched at 36°C. It was low-
est at 20°C in G proteus. The survival rate throughout the nymphal period increased with temperature up to 30°C in G
varius, and it was lowest at 20°C in G proteus. Geocoris varius adults survived longer than G proteus adults and they con-
tinued ovipositing till just before death. The net reproductive rate (R,), the mean generation time (7), and the intrinsic
rate of natural increase (rm) of G varius were calculated 116.9, 155.5, and 0.031, and those of G proteus were 93.9, 87.8,

and 0.051, respectively.

3. Prey consumption by G varius and G proteus provided with horticultural major pests

We investigated the number of prey consumed in 24 h by 3rd and 5th instars of G varius and G proteus, provided
with 4 prey species: Tetranychus urticae adult females, Frankliniella occidentalis 2nd instar, Aphis gossypii apterous adults,
and H. armigera eggs or 1st instar. The number of prey consumed differed significantly among prey densities in all
predator X prey combinations, except in 3rd instar of G varius provided with T. urticae or A. gossypii. Geocoris varius con-
sumed prey maximally at higher prey density than G proteus in 3rd instar with F occidentalis larvae or H. armigera eggs,
and in 5th instar, except with F occidentalis larvae. Maximum numbers of prey consumed differed significantly be-
tween predator instars. Geocoris varius consumed more prey than G proteus at 5th instar for all prey species. They also
consumed more F occidentalis larvae and H. armigera eggs than G proteus at 3rd instar. These results show the higher

predatory potential of G varius and its promise as a biological control agent against major horticultural pests.

4. Biological control of two-spotted spider mite of strawberry and cotton aphid of watermelon by G varius and G. proteus
in greenhouses

Geocoris varius and G proteus, were evaluated for control of the 7. urticae on strawberry and A. gossypii on water-
melon under greenhouse conditions. Third instar nymphs of either of the two predators were released three times to
each greenhouse. The release of G varius suppressed the population densities of both mite and aphid to a lower level
than the control greenhouses. Geocoris varius persisted on the plants throughout the research periods. By contrast, the
release of G proteus suppressed the mite density in the strawberry greenhouse over a short period, but had no effect on
the aphid density in the watermelon greenhouse. The instability of pest control efficacy of G proteus may be caused by
their micro-habitat selection since they were frequently observed on the ground rather than plants. These results sug-

gest that G varius is more suitable for the release than G proteus.

5. Biological control of Frankliniella intonsa and F. occidentalis by G. varius on sweet pepper in greenhouses

We tested the effectiveness of releasing G varius for control of two flower thrips, Frankliniella intonsa and F. occiden-
talis, in sweet pepper greenhouses. Second instar nymphs of G varius were released three times at the rate of 5 nymphs
per plant per release. The release of G varius suppressed the thrips density to low levels for 2 months, while the con-
ventional chemical control was unsuccessful. The effectiveness of G varius was not influenced by several applications
of fungicides. Geocoris varius nymphs were constantly found on the plant throughout the experiments and adults
emerged 2 months after the release. Our result suggests that G varius is a promising biological control agent of the

flower thrips.
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