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Effect of Temperature on the Life History
of Trissolcus plautiae (Hymenoptera: Scelionidae),
an Egg-parasitoid Wasp of the Fruit-piercing
Stink Bugs (Heteroptera: Pentatomidae)

Masatoshi Toyama, Koji MisHiro

Entomology Research Team, National Institute of
Fruit Tree Science, National Agriculture and Food
Research Organization
Tsukuba, Ibaraki 305-8605, Japan

Summary

The effects of 7 constant temperatures, ranging from 15 to 32°C, on the development and
fecundity of Torissolcsu plautiae, were determined. The fruit-piercing stink bug, Plautia stali was
used as the host. At 15°C, progenies completed their development to adulthood, but few adults
succeeded in emerging from the host eggshells. Males and females successfully developed and
emerged over the temperature range 18 to 32°C. The developmental zero temperatures and
effective cumulative temperatures estimated in this favorable range were 12.3°C and 145.7
degree-days for males and 12.4°C and 171.8 degree-days for females. These values indicate that
the parasitoid has the potential to produce 9-10 generations annually. The developmental rate
of the ovary increased with increasing temperature, but no effect of temperature was found on
fecundity. A simple method for estimating the impact of global warming predicts that the number
of generation would increase by 1.4 annually with each rise of 1°C in average annual temperature.
These results suggest that global warming might be advantageous for this parasitoid.

Key words: Scelionidae, Trissolcus plautiae, Plautia stali, Halyomorpha halys, development,
temperature, global warming
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REZTIINET 2 H A LY OFLERE 45 I KRS
(AARGHEE R#2, 2006), FHCF v N2 T4 H
A LY Plautia stali \3FEEEZ <, TMHAZF.OICTKE
UUEKEHEZHLTE GEE, 1980).

FXNRTAHALVEEICIUATHETEL, REHD
OWFIIC RBEICTRER T 5. T D=8, FERICET
BIRARNZEERGH# L <, PRICEADIIEHLNVTOIE
AR DB RO E 755, UL, EERKS
HABARITEEZICE > THRREICE > THAEBENKE
<, BUREOHAHEE SN TX.

T Lkhkh, HALVEEZGIET 5515, &0
R TE AT LORREZ HIEIC, 2FHEDA =
A LR R EANDFRRE RIS OV TN ED SN T
X7z (BAR, 1997). Hrc, AEOMAREEREICEIL T
&, AFRe/ Fix EHE 52 EHEERBRRORGHE & 7
Hm e OMICERWVIEBENMRIN SN 575 8, ERERENAE
DEEEEZIRET 5 REEBHZREFTH S EHHN
Kk DDODHs UNHDL, 19825 (LHDL, 1991 ; IE,
2001).

—7%, RKEGEOEHICEEFEEMADNTE (@R,
1997). 7&h T, Fr¥/\xAZX DY a/\F Trissolcus
plautiae (Watanabe) 3R EEKEE L TRINSE
HENTx7 (Ohno, 1987). ARfHIEF ¥ N2 7 A H
ALYRIGFN ALY DOINEE T & T 2 BHEFEMIIE
T, FERIIRIC 0% ZBASKE (LW - B,
1979 ; /M5, 1980), H7 A L AEARRED 5% 7 il fH
Ry LT, EYBLRREM E LTORHEB SN T
W5 (1% - B3z, 2004).

KEBFADOKERERFIERTMIC R U T, FEARGEOE A RE
FREDRARRIAOB S S, BET 247G REEIC DL
TRELOMBZEEHASHMICLTELENHS. iz,
EHOFREMBEFEZOMEN, REBEOE(LA Eit
BRI LD ENEZ I NS b, KEGEORE IS
BROSBREEH & U TR 208 A % % (Kiritani,
2006).

LAL, RihALIEHOINEFRBRE, nEY FOR
AL ST OH LS I A (Austin et al, 2005), &
FoEMGEENE - R LOREEEH O, AREITD
WTEAETFRRFEFHOERRIE I BTN TV
V. ZTT, AWSETRE, FEOLEMGZMHETLL,
BHEEZRET A LICXD, Fynrxzydran
FOREREIA T HIMEDOFZEZIHS ML, AiE
OEBENHAEZHET 2 L L b, SURRE(LOFE
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it LTz,

AT ABITHA D, REDREICEL T THREW
RO N RZILESE A BB, RIHFFZLEMIC
I L TV WIBERAEFRICER T 5. &k,
AWZeE ) B3 - BiEERIHE SIS e L
ffe7ruy =7 bge TEREAFEICHT 2RI
VLo TR L AR R O BT ) DB X b iThbh
Iz.

MHRELUEZE

1. =R

REICHWzF vy X2 Z<xd7aNF (LUF, NF
EWgd) &, HREFZEET (IR D < 36.02°N,
140.05°E) CTEREABFTEINTVEERKELDERL. Ch
513 2004 A S 2008 FIC RBTHILTCF ¥ SR T A
HAALTRTTFH ALY OIS FE LUz ffkx &
LiC, 1 ILofE%x BIBICHENL LIZRET, FXYN\RT
FALVIREEEIC, 23°C, 16L8D THEFEN T\ 3.
KERCTIE, TDIB 10 RN TV E LITERATZRZ
ftat U7z,

B, EBICELUTEFICHOWEF Y NRT FH R L
¥ (BUF, AALTEMET) S, R cHREL,
HREABENTVBEEME DB

2. BEIIHTHEREDR

15, 18, 21, 24, 27, 30, 32°C (\w§'hg 16L8D)
DOFEMEREIEFICBNT, NFOREHAKE FLEZH
~Niz.

FERICH W= #EAEINE, ek (FFh s
%) 5~ 7 HiinDNFMERHIC 7 A LGz 23°C ¢
PHEME T A BRI 5 2 5 T LI X D187z, AR ARZHE
YIS, ZREUNDMEIC b B R EBRE 2R D, BE
ZRMEIC RS B F O HId A E < MR B 728 CREF,
1987), WHIREAEEMEIC FESP & & 7o & A0 5, 1l
BERR Rl & ARAQ M FEON & B T3 B oD B 15 7.

WESF-Z2BRZS UTe 1 A LV BRBE, iR DIRESEAFIC
BOE L Te A HIRARPICONBLHLA TINA L7z, fBICEE
WSO/ NRZRRT Iz 2ml <A 7 aF 2 —T (NEF
10mm, E& 40mm) Z{EH L. iz AN7zF o
— 3K ANTZRERE —HEIC ) a2y FUNED
Fi (245 X 17 X 8cm) WICEZ, FOEIC/ 2T
BT EICKDEER 50 ~TO0%ICHERF LTz, £z, F
MICIFIREERT 23S U, SRR O IR R’
WEXD 0.5°C ZHEA TLEH LIEARICIE, & TOINR
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EOHNRN SRS L.

FREXITIBOTIIN S B U 7o nF iz i HED
U7z NFOREHEOE -5 2 HEZRBET
AR LVHRENFREDIHHE H 5 NIE > G D
WX, fREHID S ZIHRINTIELC L TWANF R (L
T, BETE OB RS LZ. —T, NFOIIH B
AR TR T 2 RICHRT 5 2 L 3WEETH
D, NFREDHZNEHALTYEPHERI NEh 5Tz
g, ECTHERPEC e B Uiz, £z, AALTVYHR
MWRDENTINIARZFEINE KR L, TNEEZETINEY
BETHFHEO SR LIz, chsDBEic kb, 3
bR GET & 0 B ZETPUCMEERE 7 A LBl
MHERINFINZRBED X 100 & LTEHEI W
D, TOREICIZFELSNOER TIELE L IinhZ i
DEEHEZTEN, PULIRIEODMEINGM & 7% o Tz nl R
H5. 5B, PRI U @& O—HIE DR E b H
Kizholztz, Wiz E LD TIHEREZRKRD .

HEFERBLUEIHEBREORMICH > T,
BB DR E DR E R 21 {  Ikemoto and Takai
(2000) DFEIHEW, FEBHE(D) LiEE (T) OfF (DT)
ICDWTHE HE(D) Z A EIC R A 21T - Te.

3. HIERENICHT BmEDR

18, 24, 30°C (\W9'11E 16L8D) THE LT
HERRHRICDWT, PUERRDOINEFET L eIz iz,

FERITIIBLR D FER TR S N o —EZ v,
PUETR, ThTNDREE LIRESRE T IcB 0V CiEER
WzEm LA 7aF o —7 CEEEE Lz, Pk
2 Hiim, 6 Hifis, 10 HEC#& 10 Iz fgHIL, AFL >V
TIV—TREA U Tt%, NN ORI 25 LTz, KTz,

BREX DI DWT, PUER 7 ~ 13 HilmE TEH A
ALTEN7Z 1908 (10 ~ 15 51), 14 HEmbARiE 1 |
MFRTIEC T 2T 12 G Lz, D&, 25°C
T 20 HEL L2721, TS DIITHERE L 72N F O
HE O, SECLORRZEL) 25 LICKMEDEINEL
ZHEE LT, 53, NTFEAALVYRBREREHRR D
o i, EIIOHEEZ NS S T LAtV 9,
DR SERI LTz,

w R

1. REICHT ZREDR

FRE N TONFDOFYLHEZ Table 1 1ITRLE. WT
NOMWESFM T TEIULRBAKIE 80%LL L @h -7
M, 15°C TIEIUEEADFKI90% HIEC & D B 7Z - 7.
21°C £ 30°CICBVTHIET E D BIRA PR ZL B
EINTD, FERIEREHSR RN -7z, —/F, 32°C Tk
FECHORHRZRIFEAEALENT, ERICKBEEZR
DB ES T o Tz,

NFOPUEHFRD S N5 TN DV T, VWIh
DIRE T LA, WO TOIECTHICHEEE N
W, KPEICODW TR A Z IR T 5 T LD HRED
o7,

FIRESM T THHENTHEE CICEBE LR E ST
Table 2 ICRL7z. TNHEHEHE D) LEE (D ©
B DD KDOWTHEHE D) LOMEFRZFEHENA
517z 15°C ZFR< 18°C ~ 32°C O THIAF72HT L,
HEFEMBLUOAMHEREIREZHEE Lz (Table 3). Ik
ERE () &, MEENTNISDONTE 0.99 LLETH
HTEM - T

Table 1. Percentages of emerged adults, dead adults inside host eggshells, and failures to develop to adulthood
of T. plautiae reared at various temperatures in eggs of P. stali

Temperature % Dead adults % failures to
I()"C) 5 o Fanpoged aduls inside eggshells develop
15 171 9.4 ( 16)* 87.1 (149) 35( 6
18 359 85.8 (308) 19( 7 12.3 ( 44)
21 140 70.7 ( 99) 17.1 ( 24) 12.1 ( 17)
24 308 87.7 (270) 1.3( 4) 11.0 ( 34)
27 282 95.4 (269) 07( 2 39( 11)
30 249 68.7 (171) 13.3 ( 33) 18.1 ( 45)
32 252 83.7 (211) 03( 1) 15.9 ( 40)

* Actual numbers are shown in parentheses.
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Table 2. Developmental periods (oviposition to adult emergence) of T. plautiae reared at various temperatures in

eggs of P, stali

Temperature (°C) Mels Femsle
N Mean + SD (days) N Mean * SD (days)

15 =

18 47 25.94 +1.43 127 30.33 = 1.05
21 67 16.70 = 1.76 40 20.33 = 1.31
24 184 12.42 = 0.68 98 1436 = 0.71
27 102 9.50 + 0.67 167 11.23 = 0.69
30 58 8.50 + 0.66 108 9.82 = 0.64
32 31 7,55+ 051 180 9.01 £0.58

2. FIERENITH T BiREDF

HImETHB LT MR ORI BT I ROFHE
KA Table 4 IC/R Uz, BRELN O T REAIIEUT T L
“nEE Oz R LIz T A (df=8, F=22.94,
p<0.001), & & (df=2, F=26.14, p<0.001) & H
s (df=2, F=63.25, p<0.001) ICHEENRIRD S
N, KEFRICOWTEERGMREED NG
(df=4, F=0.37, NS). &HEICHBWV ClEH TZELL
# (Tukey-Kramer ® HSD #7E, 5%/KH#E) ZiTto7c &
T3, 2 HHKET 30°CIC 24°C, 18°C LDRicZh
ThEEEMRHE N, FKIC, 6 HEH T 30°C &
18°C, 10 HHTIX 30°Cic, 24°C, 18°C L DM THE
AR ENT. CTNEORRND, IHEANORFATIE
IR & HECHAT L THEINT 5 2 &S MNTE - T2,

1 M 0 SERREEIIENE, WS NOIRERX TE 100
YR7ziE 2 7z (Table 4). TH LRI L CiRER
BRI ZiTo18 T 5, BEOFEITDHLN
otz (df=2, F=0.5, NS).

zZ =

Fr N\ EZII7ONFOHEIX, 15°C THETLHD
REROFERNEZE L ELl kol &b, EEBNE T
FRIGEED 15 ~ 18°C I H % LRI NS, IIHEERT
BHEICHBERIEE LR B T 2 IREN R 55
BB O, oD Scelionidae B D2 T 7 O NFTH A
BREBHSENRE TN TS (Yeargan, 1980). Pt
WKRBEERE FRALNEDh -z eh b, FHEELT
&, FEOINEZMW S 12D T0kRiGEMEEZE S Nixw
28, PUERIAKRIC X 2@ D - I ATREE E .

—7, EROEBEIOVWTI, BEoZ2<d 7onN

F T 30°C LLETOPULRE FROREBENREETNT
W3 (il 21X, Yeargan, 1980 ; James and Warren,
1991). LML, ARFETIE 30°C TRRETE D AR
MR Eob DD, 32°C TIEPME - FiRE 5L,
HEBLLRED N -TzC &b, 32°C £ TElR
KK BHEBEZEZIRVEDEHRINS.

753, 21°C & 30°C TIHETH D LHFEN 10%ZEZ,
RRFELESTED, WITNEHIEOREX TIEHI -7
EENEL, FRKIERIEZ Sz, GBI & D FAERMNK
ELARRZRE, HFEPHGEEDHELEZ LN, B
FfiOMBOBRND L, FEKEHNRDENS.

AMOREFREAMFBIREICDONT, ZHFHA
L2 E L Uiz Arakawa and Namura (2002) 1Z &
HHETIE, REWMINEDEL (27.5°C THE 20.4
+1.2), IREICHTE2REHED LALEONTH 5.
ZDkYy, HEFMAIMET 9.8°C, HT 10.8°C, A
BEIREMNHET 2300 HE, MT2374HEE, 5H
DOHEHIE (Table 3) & DRICKZRREZDHHALNS.

COMBELT, UEDIRHETDEVIETFSEND.
Kc2OMETE, FURMZM> TREICNT 2FHFFED
BRI A, JHFHALVINEEEL Ul
BICHEHBDPPEL BB e ERIN TS (Ut
i, REL). HE5OTF—Z2TEETE D KER (IFHT
DIECZZL) HhEbED (292 ~628%) ThHhd
X3, ARCBIZ 7Y FH ALY OFEHIEIF v
NITFHALVICHLTRREEH5LL, T Ui
HOEOHHEEHMICE KM L TV S AEEENDH 5. 5
%, AEOFEREZIASMCT S LTE, JHYFHR
LINDFEMITDOWT, FyN\RT A ALY LR
LoD, FiZHLNMC LTV RELRDS.

KEF (1987) &, PULEZROMEZREINZRE LT
B59, AHOINERERXIBERNNALTH S L EH
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LTW5. SEIORBERIE, 95 UIIORPGEREIC
BENEETLZCEERLTVS. —7, REIIEICD
WTIKIREDFBIIZRD b Niah o Tz, KBRS T,
FEINZ 5 26D 2 Hineilz 5 2 5 fkRz i X 04
FESIEIAE DB T L BIEHL TV AN, DT &Lt
g GEINGE LIPREEE) LHFFLOEBEE (F
) L DT Y RICKREINBD EAESNE T 2 E
%9 5. SREOERTIE, BELFRICKDEIEED
MBRICEIDDET, ZHIUS Uz EINEEEMmE A SN
BholebFEN, HY70 155 2 HIZ 1 5Bl
DOHHETIE, BTET B RAFEIVREN 23 2 I3+
DEoZOME LAV, BHICEINTZ3ERE T
HREFINZMH TN, BE LR E & & ITHREINED S
m3aaEElEH5. LhrL, FEHEORETIX, HLIfF
HEEHFETEELBHNF vy NN T A HALYRIYFS
ALY OREIVEIATH 2 EO—FAZRIIE, FEHib
EPNAOFEBRRIIERICRENTED, ZOHEN
RENIMREICE E RS TTRICHEINE T LTS
TONEHREINS.

SHEONHMOREEN L AHEERENS, K
IR XTHIC BT 2 AHOEM I EHET/ER 5
~ 10 HO%U (1586 HfE) THiET S L, 9~ 101#
Rexsd., EEOMREUIFHLEHORKE VA A LN

EEICHRL EIND 120, b TREMICATRER
REELTEZBRNZED, F1~2HREThIHE
A A LVEICHRTHhED 2. £z, 1 MEDERE
HU08E 100 L ETH D, Kk LTOBHERRIIDE
EMIDDZB. 5%, EHICEERBXCEEKRE)RE
BT 2Rl T — X DEM L THA R ETH 5.

L TAT, IMEMEE > TV B HIERERE(EIE, EHR
HOREERICE LS REFEZRITEEZONTVS
(Kiritani, 2006). T 9 U7z ofEfsaHiigike L
T, Yamamura and Kiritani (1998) &, HEHEMEH
SRR 72 i > TSR DS e X2 R L T
W5, Ao EBEHT 5 &, HEQFEFEAME
15°ChV1°C ERT 5 &I, EH=OH 1.4 HKDOH
REBEMARAENS. F/z, 32°C THERBEENE
HoNGE-TT b, FELEHHOME TRURDEE
{bIdARE ORI 7S Xic@ T ENFHEINS.

chicxf U, mIEIEDN R A ALV HICEZ 5%
WKOWTRBERETTH 2D, BICHEYH B 1 %
Z N9 % Pentatomidae DA A LV ZBHEICT
&, 1°C T 0.5 HAEEEOHEINMNFE T NS (Kiritani,
2006). COZ s, HAFDOHEMOBILRNDIE, H
BRI LI AE PRSI AR RIS B FNC @ < & D & 748
INs.

Table 3. Liner regression equations, developmental zero temperatures (t), and effective cumulative temperatures (k)

for T. plautiae reared in eggs of P. stali

Sex Linear regression equation * p o t (°C) k (degree-days)
Female DT=171.80+12.35D p<0.001 r*=0.997 12.35 171.80
Male DT=145.73+12.34D p<0.001 r’=0.998 12.34 145.73

* Linear regression analyses were applied to developmental data in the range 18 to 32°C. D: developmental

period; T: temperature.

Table 4. Matured eggs in ovary and the total number of laid eggs of T. plautiae reared at various temperatures in

eggs of P, stali
Matured eggs in ovary
Temperature(°C) Total of laid eggs
Day 2 * Day 6 “ Day 10 %
18 22.2 +* 1.6(n=10) a 33.6 = 1.9(10) a 359+ 2.1(8) a 108.0 = 8.1(11)
24 2341t 1609 a 37.9 £ 1.9(10) ab 404 £+ 1.8(10) a 112.2 £ 8.1(11)
30 31.4 £ 1.6(10)b 435+ 1.9(10) b 48.1 £ 1.8(10) b 100.8 = 7.8(12)

* Days after adult emergence.

¥ Values followed by different letters are significantly different (Tukey-Kramer HSD test).
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LA LEDNDS, EELOFEIHRECEDIED,, &
an, AZFFER, BE) - iz EoTEEE, 51Kk

B PR & DRIfRZE T LM ELEZE A BN S.
HEIEHEE DA & - TRUBERE(LOREN K7z i D
FRGETES 5. BEROMEARFEIREICN 2 FENER

BIIOWTE, A4 DIEEICH S 257872 H5MICT %
L, IWHEOMRZ ZDIEENEERDHER
AIRTH%.

wm

FyNART A ALY OINEFEEF v x 2T 0
NFICDNT, REBICEIEGE NN B IREDFE
Z 15°C 5 32°C OHIFH TNz, WINOEE T
&R KT 80% L EEFmM > Teh, 15°C TlEZ
D) 90 % MFFEINRN T LT 25ETE D T, {EE?HE]&O)
BOWEENRD O NI, —77, 32°C DEimsEt T
W, SHERE T PREEBEEH5NT, m?ﬂ@%
RBOLNEMoTz. £z, 21°C £ 30°C TE 10% Zzith
ABHETEODDEEREINED, RRIIFFETE R
fz. 18°C 5 32°C D7 — X THEE LTz BESN A 5 Pk
X TORBEFABIUCAMEHEIREE, HT12.35°C
& 171.80 HfE, #T 12.34°C £ 145,73 HETH - T=.
ZHERE TR L TUE, RENE L K2 LINRORE L
MR 722 T EARENTEA, FBEINEIC DOV TIEIRE

DREBIBH I Nah T, MORER MR L AMERIR
Eh5, 5~ 10 HOKUR TAMOMREZHE Lz L
T3, FTWED IEHITHBWTIEIC 9 ~ 10 HRER
WY AAEEEARENT. £, HEFAEAIRERE
[Efios Rzt > CGRBLOFZEZREI LIz L C
A, KRN 1°C EFHT 2 LIicAFEOMREMEFED
7208 1.4 tHRIC/x % L HEE S .
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