F5 ARBUASE  sdiitssg U

Osaka Metropolitan University

VLB T VY I DATER L BEZHRMEICZEE T SR
G BRI SE

58 jpn

HARE

~FH: 2014-06-30
*F—7— K (Ja):
F—7— K (En):
ERXE: IRA, &EF
X—=ILT7 KL R:
Firi&:

https://doi.org/10.24729/00000580




RIFHFSZRF L (RHIBREER ) AL

VILVET VY DOATEL L
BARPIZHRPEIZ BT 5 PR AR REERUMFSE

) A £ T

20134



B B ettt 1
B 1 B ettt bbb b st A At s bbb s s bbb s st et teee 5
T B ereeeertrt sttt ettt a bttt a et s s b et et s sttt b bttt s et s bbb esesnae et s e 6
B1E BATEETEE SR  HERUG e e 8
B2 N LRI TIZEIT DAL DT e 12
F3HET BEHOFIHICHT DI HEDIEE oo 15
HA BEEOETHI T D MERL RO BETHEIFNE oo, 19
B BR e 23
B 2 B oottt a bbb bbb s Attt b bbbttt s et a ettt ene 31
B ettt 32
LT BUBITEIDBIER (oot s 34
B2 MERBIZBIT A Y~ h U EOFRMBITEIOHEL oo 35
FBH UL AT A ET VI L DOBHEATRENE e 37
BB B et b bbb bRttt b b b s s s s as 39
B B B ettt ettt ettt ettt ettt sttt ettt s ettt teee 43
BB B eeeeeer ittt ettt bbb bt e a et b bbbt ee st bbbt et et seae et bbb eberets 44
F1ET VEECFE L WOIDACKIA YL .o 45
B2 HT MEEY A TR oot 50
%5 381 Wolbachia SEAERTOAZELIEER ©vovveveeeee e 52
FAH PUCRD BEE WOIDaACKIa TEFE .ot 54
B BR et A h bbbttt b bbbt as 56
B 4 BT ot h bbb bbb s At bbb bbb bbb e et teee 61
B ettt ettt b bttt ettt s s anaes 62
T bbbttt b bttt st sens 63
B et bbbt a bbb s s s as 66
BB B ettt b a Attt et ettt a bbb sebeaeas 68
TRTETEEZ oottt bttt R ettt b ettt ettt ene 70
B B ettt s et s e b n ettt a et en bt et teae et et et eseneneetas 81
T ettt bbbt sttt b ettt bbbttt en e 86
FIFH TR oottt ettt ettt a et et s b e s e e b e s ese b e s esesseneere s eneeaeneas 87



=i

T




=
i

i

il

PEZESAT LR, ARIOTEENIRBICHE R L T, LIS ZHHFERT
HARBREEIC R T RN B U, EMZERME DI T 2SR A 70 A & 72
ST % (Begonetal, 1996), HuEk FCiX, AfmOFEAELCK, AMOfE b L
MR DIEL 2 0 i L CT&E 7= & &b 2y (Wilson, 1989; Raup, 1992; Benton
and Twitchett, 2003) . BLED AW OMEIR OB 1L, FEIRRROEE 2135 iz k
[l TWAHTe®, EHINRRVNEELHTH D (Primack, 2004; 7V~ 7 « /)
Ui, 2008), AEMEARMEIL, BB, B, ERRREDRLRD LANANL R L
REHEEEZHA TS L SN ENE0 0 b0 b SN DRFAFE, KRR H,
RBIGER e EOARERY — 21X, AMZEDTHER EOAYCAEWBEENTT
fe L TS TR RTHD (BR - K, 1996; Daily, 1999; Purvis and
Hector, 2000), = ® X 5 72AEMSEREDO EEE~OBLO®E V I1X, 1992 0
EEBREBI RS (MERY X > b)) D OIXHRMREN & 2 o7, S TR
REF, BEAARSHUAE L 72 MBS RS, ERRIEORE, e EE
FARFECARE R DOREE & B, AR RIRNIR S & A BIBSMR B OHERE, S RAEY
R, BRETEESIMM O K, BREEHTE OMRER EEDL, R L~V To4
W2 RRME DR A & Rt rTBE 2RI I 72 iR IVIHE 2 b D & 72> TV 5,

Fa vk (BRF) 1F. HRRICHIEESCEGR N L WD, ARRIA X <
ERINTWAEMRETH D, 2004 FICEEAARRERES (IUCN) BS%1TL
7ol y RU R MZIE, 240 f# (HfE 2 ETe) DL EREFEH S LTV S (Baillie et al.,
2004), HATIE, 1991 FICEAIOV Y RT—2 T v 7 BRFEITI % BRE
JT, 1991), EHRNCUETIEREM T, 2012 FITITEH 4 KL KU A RV
RINTH, Fa VEOMBAGEEMEITE MO —F L2l E>TnWb, Fa3 vED
2 ATHHBWNRE O 2 BF L U, 28720 RARERICAEE T 5 (Kudma,
1986; FiFf, 1993 : New, 1997) 73, I —12 v X ClE, & < \THEASER O 1)1 B
BEIZAERT AN S MO MGHEIZEEL TW\WD &£ ETW5b (Thomas and
Lewington, 1991; Thomas and Morris, 1994), HARIZIBWNTH, A RIOE
WCEBT 2T a VEHOZ BNEICHEL TRV, TS ORI SCHEEDOFIR
SR DEBOMEIT, I BITHMARLHIIC L2 EEHOWHENET ORRK & 72
S>TW5 (FH:, 2001a),

VIVET VYR Zizinag emelina emeling (Y F a vR) (LLF., AH) 13,
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H 700 BA I 7 LLVE 7> & Fli1- 5 UG & s ENZ 36 0 2 MO0 1, BEREZR & oD
LDOERNEHICAER L, ShfIFEL LTI ¥ a7 Lotus japonicus (= AF})
ZFMT 2 &ML TS (fRHEfh, 1984), Fig. 1id., AARICKIT L%
(AR DFLERD B - To HLIFIZ DWW T, STRE OIF ) HHEE L 72 BIEDO A BR
WaRLIebDOThHLN, REMICEIRNE L, MIEOMEERIZEL TnD Z
EMbND, RENFBRUZERIL, F)Iloar 7 U — NERICKHO R
i, HEHOHMER - WEEHEOE R BT LY | FEMYOAE S A RN
LIcle®OThdHEEZ HBITWD (B - £, 2003 ; A% - i, 2009), Z 0
Koz, AT, BEALV Y U RN BREA, 2012), B X OKBRF
Ly RTF—%7 v 7 (KB, 20000 Tixé bIcHmai TEE LThilfish
Ty, HER, EEER SR, fEUR, SR, SRR T Cloiik
L7c&ZEX BTV D (FER, 2008 ; I 57, 2009 ; ZH1E, 2009 ; A&,
2002 ; ERIE, 2003), HikR &< Ll TR, AfEZ RKGLEMITHE L, 48
AR5 & & BICERRBE A BT 572 COREIFE N THON TS (AR
AR S - iR SCEAE, 2005 ; M, 2007 ; &4, 2007),

THET, HEAEEEOREFEL LTSI E RN EINTELN,
Fa VEOAREBITFEIC Lo TRESERDZ 0D, EBEOREFIEEZ KRG
HelZiE, e ofEExtg e LT EARTFRFENLETH D (New,
1997) . PRETFIEIZIE, RE L T T, AROAEBHIZ I THEMREER I AHE
ERAET D ERANRE) & fE R EDNTRTIEE W Chtiak N CHAGH,
RiEAIT O TAEBESMEE) 12T ond (U ~y 7 /N, 2008), AFET
BUTE, BREEE OEBEOMR AT T VFEL KO AEIFET VEEONLIEIC
2o TWnD (ARBREINFSEY % —, 2011; Ishii and Nakamura, 2012) , 4= 845
MMrREEle, AEOREFIEZRETT 2720I1T, ARRFR 22 EFEF RO I
8 L BIRIZB T A HEINHESL N RIE 72, T2 & 20X, WM T D R AR
BEWWEOHEE, BB EMD T D DATEL ORI EN R R THLMR, T E
TIZW R IR 8kEH 2 b OO, FEIITHM S TR, Fio, o EEF
T —FiF, REBMNEHINTSEET, BRHTHIEEZLN TSR
(Moritz, 1994; Meffe and Carroll, 1997; Primack, 2004) . AfEZ331F BN,
MR OB ZEEIEICE T 2280 L A EfTb C ooz, 51T,
X F I ERBEMICIN T, UTHRAE & O AAEH SR HE D I D fERE TR D O
Lo LTHEEINTED (Levin et al.,, 1996; Allendorf et al., 2001) . AFEDHEL
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EATENC IR T DD B LA O NI T OMER D D,

LovL, BARZEHOA BN LT T, TFE, KRIFESRHICHD
RKIRERRZEWS L Z OB TARBEN®EBEETEE LTS Z ERfER SN

(Minohara et al., 2007; Ishii. et al., 2008) , Z OHIKIZIZI Y a 7T E -7 <
Rond ., ATy XA 7% Tiflium repens (¥ AFL) ¥ NV ¥
Kummerowia striata (= AFL) ([ZEEIIL, SRR ET D5 BRI NTND

(Minohara et al., 2007), & bIZ, KEFRATHOHEHICH L m>Y A 75
LA 3T IY a2l Lotus corniculatus (<= AFL) BHEA L TO DT HA
FREOREDHER SN TWNDEN, 22 THIvasZ IR s (Minohara et
al., 2007), [AERIC, THEERBITTH, BEMO T o>y 27 %25 H L TARME
PEHEL TV DAERHNRH D CE, 2004 ; 85K, 2007), —J5. JEEEWLEGHO
KBTI OMOBEREIZIZ I a2 Z VRN RIE L, COE TARENEL LT
WA (T, 2005), > a >y X7 OFHPHEINT-Z Ly, Zibo
Z &R, AERHNT Ko TARTEMERL 08 oD T3 FHEMR AT S $ 70 2 W RENE 22
R LTEY ., FFleRENLEEEBE X OND, £-. KIREFSZEHED CH
IR B D I IR 2 THEIC e D T — ROHER SN TR D,
Wolbachia J&OMIFBANILARE (LU, Wolbachia) OREGL 35 LTV % AIHE
M2 5 (Minohara et al., 2007) . Wolbachia 13512 B B0 O fth O B HEE Y
WG L B EOBGEEEZITH) 2 & THOLNTWA D (72 & 21X O'Neill et al.,
1997; Werren, 1997; Bourtzis and O’Neill, 1998 72 &) . AfEIZxI L TED L 9 7
B RIET OIS TIEZR Y,

ARAFFETIE, AROERE PR LB R A NET 572012, AARENO T
W BB RISHONT TOFH14 7 pr L EEIC B W TEANRA 21TV 5 1 & T,
BONTMEAREHWVTENFETREREIT O 2 L&V, AEOEE RO &
A ERAIICOW A Lz, 562 =TI, AFEOBURITE 2 4 Bt C#l
BT HELEHIZ, TREOFELZER LT, HI3ETIH. Baririckv it
AAMEE Wolbachia DIEGIRIL & ARFE~OEBIZOWTHAE Lz, 5 4 T,
I F=a2 FU 7 DNA (BLF. mtDNA) &% DNA % W 2B R P ic L 0 |
FARRBED BRI S L EHAGLOREEZHEE L, T LT, ZHOER
IZESE | ARICBITAHRE0OH D FIZHOWTEREIT-T-,
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H1EDOHE

AREAME R, ARBNREOMTEE LTEMTH2HOTHLED, £
FEEEOEBHICH T 28R ZHEIRET 2 Z N EETH 5, FEIETERER ORI,
ARSI LHEE T D2 OICMERI R THLH, BRI, ZiREYHT
HY . WIEOFFANIZIW I, EEICHA L CRBFHEENEML, BEDE
TIZEF 2 W< 725 (Hongk, 1996; M4, 1991,1997), B HENE =
IC7R DIREEREREREFR, ZTOMOFKEENE T T 520D HH &R
EoE (AEEIRE) Z2#HET LI ENAEETH D, Fio, BENRETE
TH, BT ETHHEEMNIMHISNS Z LML TEY, BREIZBNT, Z
D LD RAE LRI 2 ISHERIE DS (b 2 2T T E 72, T2 20X, IR
WZAERT 2 ORBTIE, SEIERY A T ORIROFENZTFE LI HE S
L 7= A1E S OHERFIZ& N > Tu5  (Tauber et al., 1986; Danks, 1987) , i 72 2
iz THT 27200 FREREMKIT. BRTHLZEDMONATEY, ZhE
TIZ, HEENCEIS UTIRIRDFFE S NS85 OLEME) 732 < o R i cHlis
S TW% (Danilevsky etal., 1961), 2O X D IZREEF N, AIEEEE, B
FOOEEEZ L, HRREZ/ERT 22T, H5 BT H2EHO
JEFRREHEETHZ LN TE D, £ TAESE 1H TIX. AFEOBI D
HEZHONCT L& EHIT, U, Shih, WMoORBEFEHE, AERIEE, AR
oGzt L, JAERaE z2HEE LTz,

Fo. ARSI TOBIHIZIT, RREBEINFOWNLAMLETH D, LrLl,
AFEIZBT DEE - BIEHMIIRMEN T, EIZENTOLE LIERBICIEE
STV, ZIT, FH2H TIL, BENTORBFIELZMNLT H72DIC, SF
SE G T CTABEDO AR 2 AT,

I bz, ARREZWIOLNIT D0, AROFEFHBES OFHA N M E
Tohd, FaUHEHD NP EM M ER~D HHEME] THLZ &L
NTn5, Il xiE, TrvuFavRiE7r 7778, 75Ky~
AR YRLEND LT, DT EAEPFEMEITHEEME THFIEOM
MBESNDZENBLZNN, ZOXH T a v HEREE) L EOFIMY (i
) ORERIL, ROHAEFERC L 2 LELOBERIZEVIERESNTELES X
LI TW5 (72 & 21X Hougen-Entzman and Rausher, 1994; Menken and
Roessingh, 1998 72 &), FHEHFHZHET 2 BITE KRNI ONTEL, SEZER
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FEBEFR BRI OB 535 2 31505 (Miller and Strickler, 1984) . FIZHEY) A3
EPET D ZRRTR 2 AGHTEEY O AREHRE ) PR R 2w 0> B AR T2 IF R O ALBERE )12 5%f
LTI EIZRADR S D720 LB 2 BT % (Bernays, 2001; AH, 2005) ,
L7elo> T, HFEMEY ORI, MERDIZ X DEIFE SR OEBREEIICE - T
RESHD (KH, 2005), €I T, AEOELO%T LMY 2 T, AEF 3
B CIISh DR E L, 5 4 8 CIIMER R O PEINRIFEZ A L7,
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F1HED EAAEEITHR SR - AROS

T3k
AN EITH R

BN BT D AFEOFHIEE 28 OIS T 272010, KIKE RS 223 E L Ok
Hi (BUF. J78-1) (Fig. 1-1-1) (235V°"C 2009 4F 4 A hi~11 A FAJCEH] &
LTHIC LR, K1 RpHATE 2 PR LA 2 fiek Lo, (RIS, RIRE R
ZERRIC BEEE T 5 00 2,000 m2 kT, Y A7 YN Y U7 8D~ A BHE
Wy DIEH>, A& LN Digitaria ciliaris, A A A J & e EOXORNEAN R,
vl AT OfMANE —RRICA S, BRICK Y R LI AR B A4 B i
M CEREE L7,

IR - BRS

B 1HICRE LTEIRZ 0 LT E £ T AN EEICELIRD M5
BINLT, BHERT 7 AF v 7 r—2 (BEREBRELAR ; BHE 90 mm, &S
33 mm) (ZAFEMER DA 1 KT DAL, 25°C D& H M (16L-8D, B 16
IREf . WEH) 8 EfH], LUFIAIER) FCHEMMZr Lz, TEEMIIL, e
VA TYEHERL, @EEH <O nEE st e— Uk E T VIR
ANTEHATHEE Lz, MR OEE LT 3%y afikze 5 x7-, 57z
FEADIT N TEMY E & bIT, EIFR Z EI/NUEH T T AT v 7 vy
— 1 (Becton Dickinson #:# ; EA 50 mm. &S 9 mm) (24710 CT, 20, 23,
25, 30°C» 16L-8D (BAM] 16 Ffil, W5 8 Wff], LU FIEER) . 20°C D 15L-9D,
14L-10D, 13L-11D, 12L-12D, X' 25°C12L-12D CTEIZENEF L, FEH
FCARIRMEDO A MZ R L, BE L HEOHRIEIIIZA v FaX—% (HAE
(EEEERT) & o, T A L A IZ X 2 BRYYE 2 8K S H 572012,
EBRANCERAMNRET (B F 253.7nm, GL20, /N7 Y = 7 &) %1 FERERE L
7o & HIT,20C12L-12D 54T 2 » A M E L7 @RI, 5] =t & 20°C12L-12D
FHCEREBET D 70— 25°C16L-8D MFICEIV 2 5 7 v—7 £721310C
0L-24D 412 2 » AMiEW =& & 25°C16L-8D STl B 4 5 7 /L— 712031
THEE LT,

SMELTZHRIZRERD 77 A F v 7 ¥ v — LI ARSI TERE LT,
RSB OEEITN Imm THHED, vy — LB LEX HBRICITmEEZ
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BN TS RWE D ICER L Lo 7o, ShilcEA 3 22, BERZ L1012 99%
TNha— L THEL, TR ETEb0E AL, ShhofElL, 2 fiE T
Foue Y A7V OEEEH 2, 3 ILEIL, A '8 2 % FII (HARREE TEH
) (v m Y AT Y OB AR A BRI T 30%E G L, i Lo N Lg% b
ZTEE Lz, AEFBRLLT WO, BEEHT LWL O B2z, B
T HATV, SMb. Wi, ik, PUER A OIS A ILE DO BT A RRek LT,
BEIm AT o7, WaHfENTIZIX, SPSS for Windows ver. 15.0] & W 7=, F
72 16L-8D THELN-FEHIM (D) z it TEEILEOER) R 1) 1256

HL, EREBEAT—VICBITHREER () BIOAEEERE (K) 2/
L7z,

D (T—t)=K (1
ZZTC, DIFRBICE LA, TIXEEERE (°C). tid¥aEsEA (C). K

iﬁfﬁ*ﬁ{ﬁﬁ(ﬁfﬁ)’C“&)éﬁ%?%ﬁki@ﬁ%%ﬁm&“& %%% B (1/D)
EEFIEORYREM GR2) ORBNSRT LT,

1/D=(1/K) T—to/K (X.2)

JEIR 2R DO VERK

IR THONTEEREAT —VOREER, AMBERERS X OIRIRGFEED
R BEND, KBUFERHICE T 2 EEREZHETE Lz, AFZETIEX, A2
FEEFEHT D701, KT (2009) 12H-5< 2009 4E0 B EHSIRZE A=,
H &3 L OVEIEEIZ 13 Beck (1980) OfEA A L7z, FEINGPUEETD
HKHEBRELEAIBEEIREZHWT, ERAEKEHEE L,

AN EITH R

AR, 4 A 30 RICHED 2 AR S Tzd &, 5 HITiTE o 72 < el
EN7ehoTe, 6~8 AIZH T TREEBIIEML T —2 2R L2, 9, 10 A
ZIEEA L, 11 A3 E o 72 <fEd s igino vz (Fig. 1-1-2), 2D X 91T,
AR SN D EEEBICEBNLSH 2 DD, Fh BRI DNT TREGEIZ 38 4=
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THZEDRHALMNI ST,

W - HRRIS

16L-8D e Tl IRERMFICBE DL B3, T X TOMREIKD 4 o gh i 2% C
ik LRk LT 72 o 72, 16L-8D (235 1T 5 BN B Hu | i oD Y- 1538 B Wif#] 4 Table. 1-1-1
(R LT, B, Shih| iR ERIRIL 20°C TENZEI 6.7, 283, 132 H,
23°C © 5.0, 21.4, 10.1 H, 25°C < 3.8, 18,5, 8.1 H, 30°C T 2.7, 118, 5.6
HChoto, IMENREWEERFTHMAELS ., T XTOMBIREICBVWTAR
RFEDFRO HiLTe (p<0.05, Tukey-Kramer’s test) ,

O, i OB BEHRND  FRBEAT — VDO EFERE L RD,
ZOEAREFREZFH L7z (Table. 1-1-2), Z OEMREIFZD 5 FH L7250,
S OB ERESIITNEN 14.0, 12.4, 12.7°C, BIERIEE X 41.2, 217.4,
980 HETH -7,

WIZ, I B EE LI BRI DWW T O RBFENL L i A 7~ 3, 25°C Tl 16L-8D
DT T O & 121L-12D D 99% DEAIZIB T, R, ShH, i FEH %
B AT TN ENK 4.19.8 B TR FELEITFED b/ n -7z (Fig. 1-1-3),
25°C12L-12D ZRED 1% DERIZFE T EIEAFE 9 b 17 (Fig. 1-1-4) . 20°C T,
16L-8D, 15L-9D, 14L-10D TITHHIIIRIRST 5 Z L <FHF L, 4 lina#& T
fe L7z (Fig. 1-1-5), 13L-11D TiL. 70% OEEKITREE SERIEE T, 4 fE T
ML L7225, 580 30%DOEIRT 4 dnIfM 8 EEIE U, R 25 /L & vz,
12L-12D TIFHKI 95% DfEAT 3, 4 liHIM A EILE L, 5 £721X 6 lrlle o7z, 5
{b#% 20°C12L-12D CfABE Afkwi L7z & 2 A, 180 H#E bAEF L TV AR
16%. 180 HLIPIZAET L7fEiAR, PUE LIRS ZNZEH 65, 18% (n=72)
T, WK 8EZ7R DRI HER SN, SME% 60 HZWME TH ., keI 5hh
TH D ERZARIREAR L 45 & 13L-11D T 30% DO ik, 12L-12D TH 100%
OERDMRIRIZ A > 7272 8D 50% OEARDMRIRIZ A D IRIRES O 5L A =13,
K12 40 2 ThH D EF x bz (Fig. 1-1-4)

20°C12L-12D S TIRIRIC A o 72l {A 2 10°C TIRIRALEL L 7% (2 25°C
16L-8D SMHIC LA TEE L2a (LT, RIRAREX) & ([RIELP 21T
bleho A GEUHEX) Thl Lz EZ A, REAFX 2K 2 B R PE
[ZW =572 (Fig. 1-1-6), MEREZ X5 L CRRHTT 5 &, KIRALERX 32 & HEDS
21.6 +03 H, M3 24.3+0.6 H (CF¥ +SE) TRALL, KEAEZTTH A0

10
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STEA T, HEAN 239 +04, MM 24.6+05 HTIL L., KIBLEZFT 7=
HEDHR 2.7 B, FHEMBENZ EBHALMNICR 572 (p<0.05, ANOVA),

11
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F28 NLRHTICRIT D RE DA

b5k
DIToliEEHAWT, REZTEHE LT,

Wt L2
MfEf Ry b (77— 7S BRI 25 am, &SI 25 am) (2, AL
ST TP ST EAZ A, B D7 55T TRl &2 A7 72 (Fig. 1-2-1a)

R— Ak

RBfAE F—2 (FHEE P48 BugDorm Store ; 15 60 cm, H1T 60 cm, &
S 60 cm) 12, ANLEMAT TPk S St a2 Adv, AOY72 250 TR A
R, WERY E LT, ATV A 7Y Trifolium pratense (= AFH) | E
¥ a A Erigeron annuus (27 F) 72 ExaxiE L7z (Fig. 1-2-1b),

M SIPRAYICES

R RO FEHRENRE (REFfE 180 m2) (2T 200948 H, 9 A 10
H~23 H, 201049 A 13 A, 9 A 17 BIZHE L 72 (Fig. 1-2-10). WL bl
#-1 THRELEFHREEB ThHo72, WEMEME L TAF Y ant v ¥
Cuphea hyssopifolia (X Y FE}) 72 E&RE Lc, IRENIZIXT 7 0¥ —HEx
DraY A7 ERE L, IR S NIZGAIEEIR L Toa Y A 7 oL
B A TEHEBE T o1z, o, RRMHEGES NG E 3R R A IR L, %
TN TTERIN L 72,

KR b — DI F1T 2 fi:

2010 429 H 14 H. 17 BT, KBIFSZKFEG DT T AT AN KAL R
Mr—v UKmfE9m?, &S 2m) aﬁbﬁ%bt(ﬁgumwomﬁﬂ%
-1 TERE LI F IR Th » 7o, WEREME LT, AxTandtvrx
72 S RRIE LT,

A E R Lk
20114F 6 A24 0. 6 H25 0, 7H 26 0., 8 49 HlCurd-1 T 18 {EK, 8

12
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A9 B LR O BEM - DMEL (LITF, ir#-2) T 13 @Kok i
AERAE L, M 352 fEAR, HE 328 fE{KD 1At &% 7- (Fig. 1-1-1)., AR
TR R D 5 6 PO B AN E LV MER Z O VT 77 B K% 2011
F7H26H, 84200, 9H48H, 9A11H,. 9413H, 9H14H, 9 A 28
H, 10 H4H, 10 12H, 10 A 13 H, 10 H 16 H, 10 A 18 HIZIT#-1 T,
M 11 EAZ 8 A 29 H, 9 H 12 HICiTE%-2 T, AN CERE L7210 ol (L
T BpAME) & FEEIR y M1 ER T O AL, Bl TR A AT,

NV RAT ) Tk

2007 10 A 11 BTy RXT U o TEERAR T, N BT U 7 L
HED M R S DN AETHER 2 . MW EAHED S TR L valva (fU3EER) % B
L, ANBRICHEDO AT L SR SO HEINTH 5,

e R
M Uik

#1100 <7 2 BEER U 7RG R, BEE. R E-0 < L MEREICBIfR e < WA
BEOE TBWATEIN Aoz, MK LTI EAEBRLNRL, RENK
SMLTEDIZ1IXTORTH-T,

R— Ay
1 [BlOFRAT CliE & HEA Y 5 EIAT DAL, 10 BIOFRITEIT > 7223, HEITMEZ
KL TIEE A ERLARL . RBITKRSL Lo T2,

IR 2 Mg

2009 48 H.9 A 10 H~23 H, 2010 4% 9 H 13 H T 121 {84, & 25 A,
9 A 17 HIZHE 68 flilfA, Xk 21 A 2 el L7z, 2009 F- O TId, 2 HED D
MEAELDN I L7223, 5 T ORBEMER LTz, BEAZRME 1 EEAER L, >~
By XY AR LUTERINLIEE 24, 20 I Hiu, 4 RS L, HE1
AR & -1 AR R E 72 o7, o, IREBEBRNICRE LT 7 2 —H2DOY
7Y A 7 YT HER RS EIN I D TEN DS WL B i Tz, FEEAT T B AT IR 60 fE T
ZD 5B 3EENRSE L, HETEEIPUICE T, D7 &b 200 BIN%
AEWEDPUE LT,

13
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2010 FDOHUETIL, WET HEERN R 5726 OO, HENMEIZ RO E R ST,
BBITENI R o 7-, HlE L T4 BRI 5o T2 42 BN L C KRB
SRR B RICE IR O BRINE R T, 1T E AL FEINL o7,

KR > N or— 2B 5

2010 -9 A 14 HIZHE 38 (R, HE20 EAZ HE L 7= & 2 A, FdiEE %,
10 3R D HEDR B S =2y, MEICE O 2 m T EEIE A 57, BEITHE
(TFERR S AL D272, 9 A 18 BT, MERERY 20 BT D & fiol U FakdT L7225,
9 A 14 B & [FEFRICEBATENIBIE SN o T,

Az BB Uik

UT-1 7C 149 fEIR, JTse-2 T 38 KD B e 2 I3 s L7 fE SR, HEC RS
DR UIEHEEAREZL . AFF 32 XTORZRMBENL LTZ, Do b, -1
DMt & T2 OREDOKEGHEDN 3 <7, drak-2 OMff & -1 OREOM G 3 ~
TRNL L, BT B AR OZEUC b A LT, HEOHEAT IS HEDS WD K5
WCHfER Ry hEREHESE 2 2 8T, REREZ SO, B2 fHE
TIAF 7= GEHEEBE LR B 90 mm, &S 33 mm) (ZALL,
SXYalY, B avIvasy, va VA2 HonTrO R AT
LT HETERINLIZEZ A, FH174 90, BRI IINHELIN, FEALE
OAERN G B £ CAEINZBEIN Uiz, TR RRRIZK 50 0 Th o7,

PN RRT Y S

2007 £ 10 A 11 HIZHEMESHK 20 fEIAZ W TN KT U o T il Tz &
A, —EBORET, valva OBIFAN R HNT=M, AT Lo 72,
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F3HET BEOFEMWET 2 RDOFET

PREEHN L H4E A

PRAEM E BREE R IILL T D@ Y (Table 1-3-1), 2007459 H 9 H, 9 A 28 A,
10 H20 H,10 A 21 .11 A3 A.11 A 4 BIZBEEAS (3 » Fr, BAH-1~3).
2011 4F 10 A 23 BIZHEHT (1 - Fr. 0D . 2007 424 H 28 H, 7 H 5 H.
20116 A24H, 7H26H, 8 H49H, 8 A26 H, 9A8H, 9A28H, 10
H4H,10H12H, 201245 12H, 520H, 6 A24 H, 7 A 28 HIZiE
W5 (4 » T, UTEE-1~4), 201247 A 31 BiCWERS (1 4 Fr, PUE) .,
2011 A% 11 A 12 BiZHu#Ts (1 - pre JuN-1) &+ 10 »Fr& . 2012 428 A 20
H.8 A 23 HIZHRE (2 4 r #§E-1, 2) TAFEMELERL B 2848 U 7= (Fig. 1-1-1)
B Lo T AED Le E T A0 BIRY . LTFOERICH W, 4
SHIRE UE TR S - AAVEL R BIR Y . O BB TIT 21T 5 72912
LR LTz,

AR

AR ORHEZ LI TITR LT,

BB RIE Cld, OREBEE Tldd 203, AW AR AR Shiz 7o
D, N OFT 3 >OEERE (BR-1~3) 12707, ER~ARMEHE LT
I asY vaY R YRR ERR bR, BR-1 & BAR-2 13T H ORERECHL
B, 77U REWnol v RO R Z FULIS, B3 13, ROt s £
D JEL D EHTAFE DA B DR S i,

FEHTT (RER) T, I asdRer e Y A7 REFTT 5 ki O
BiCAEL L TWDEA, MR bienoTz,

UTag-1 Tld, 220 DOFRTETR L & IR 0O 3 RUE N m 8 I AR LT
B, vaY R 7Y YRV Y a<YF X Indigofera pseudotinctoria, = A
YT AT W Trifolium dubium 73 £ O~ A BHEYI DR S 72, 2011 F X0 |

IV a7 ISR Ll A AU I v a SR LD 4~8 OfEkK
RO Y a VRO —FE Lotus sp. DEREEDS MRS STz,

WEE-2, -4 TIE, I asY ey A Yt avwYFXRAEET L
O DBERED 2 STIEH T AFROE B R S iz,
-3 OEBMITEA I U IYvasy, va Y AR EREKLL, T
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F1

i

DU FRITALE T D, BRI FERR ORI 72 <AL LTV D 72, JHSE L 7=
REELE A7 Lz, ZOABHTIE, 2009, 2010 4EFOFHAEICB WV TARIZ—E b
MRINT, MLzt Exon5s,

PUEHG (WE) Tk, AT O 72 &0 2 " BRI FEHNT L < A4
B L., AL, I-varsy, vav sy, avVFrXiRsoiik,

JUM-1 Tk, Ivarzd, ey A 7% YNAXY U EREET Dk
JIDIEBE DRI 0 A E LT S "B EHNE A TE S4B LTV,

BTy a Y A7 VORARMOLN TS OE, BHE-1~3 (&K, 2007).
Ira-1, ¥T#-3 (Minohara et al., 2007) DA TH5H, -, WITHLOERME
FITEEI O ER] ) EBPThIL T\ E&E X b D,

5ok
TP BEREED DEEE L 7R R O TR O O E 2 A L, KIS

72 D EREERNC 31T 2 ZZMHEROFEFE A G0 272012, ARG Lk
HAWTE#-1 LiE#-2 MOREIEREITo7, WNGHRBIZE D ET 25~
26C16L-8D S FCHIH Lz, ShilidfFEE LT, 2WETIX, Iv=r/4, &
Ay Ivarsy, vaVA7FonTanofiEL 5 x| 3 mLlEX. €0
FEAREEZ LD, A7 F P11 (BAREETEMR) 18 TFEMHY O
By K2 BRI T30%AE L, i L7z N TR 2 5 2 TRE L, HiRsE &%
BFHEETS LT, WAREIT % 4 HBIZE TR (A&D L, HR-60.
RIKERK 01 mg) ZHWTH&E L, WMAESBEHMICET2 7T —21X, N
fBloW e o ek D Az vz, & OMOEEFIETE 15, 5 18 & [FEkIC
1Tole, ek, M1 RN LB LNTETXTOFELEZ [T — ] LT 5,

(IS
B S HE D - AR

EJC AN AI@H%%%T@ﬁLtF%%T? A ARERNOEIRFEIZ 1T 540
HOAEFERIT, i?&f@x#?%%%h%mb\mﬂﬁuﬁztﬁfﬁ%

%@mﬁ%ﬁ%ﬁﬁ#ok(hmeumnzﬁnaﬁD%#fﬁﬁbk$%\
-1, EE-2, WE, Jui-1 oY) L 16~20 H &4~ L, a1,
E, JuM-1 TEI v a2 7Y THRE LR (Svax, DITREER) Lvvey
ARXDF DA BN Tens, HE8, k-2 TIEZEN ) -7 (Table 1-3-3),
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&%

i

B I & e 5 L FERBHCB W T Ya KB v ey A X J D g
MBS DI 7o T, IE-2, -1 TiE, Iv=a, ey ARELHI
-1, WETIK, Y AROAT, MEXD bREOFR, Shi A -
7z (Table 1-3-3), MR{AEIL, W T ILDOEAKTEZI VT HHEREX OMERED 72T
FEAERL YR YAREY I PaRolE ) A EIZE) > 7= (Table 1-3-4)
drag-1, a2, WEL JuN-1 OB EERFEO i Tl shlt iz e v &7
X727~ 7 (Fig. 1-3-1),

AR I Y2 X, ey AR E BT, T#-1 & METT#-2 &Jul-1 KD
bAEICE)? o7 (Fig. 1-3-2), @1 O vr Y 2K LFHEK2 OI ¥ a KTk
AREZEIT D> 72 (Mann-Whitney U test, p>0.05), E7z. BAH-1. BIHR-2,
ITae-3, a4 T itti&ﬁ—i%ﬁ%ﬁbfmwtrﬁ 26°C16L-8D IZH31) B m Y A
XOMRAREZ, AlROT#-1, T2, WE, JUN 1 OERE & Ao Tk
L7c& A, BAH-1, BE-2, iT&-3 (3umi-1. WEE ., T 4 130082 &
M-1 LIZFHEEEN 2D o7 (Fig. 1-3-3), 1 EEOSh I L ifAEL 1 7=
v R L, BEEEE, £XOMEEZ R TARDE, I PaXTHE, T8-1 Ok,
JUM-1 DIET, >y AT, -1 OMfERE, JTk-2 oME, UEE, JuMl-1
HECTROHBAR RO, IEOHBEANR LN b DI -7 (Fig 1-3-4, 1-3-5,
1-3-6 and 1-3-7), 7=, T&-1 EEBENOMAEERZ 7L — FZ LTtk Lz &
ZAREEND -7 (Table 1-3-5), HEFEMKHIZIEWNTH Y Y X740 AL
kL2 HWT, IEFICRET D2 B LNCRST,

Wi, ATl IE-2 oA LN T HMRICAED A E 5 X THE LT
fER T, R OAFERIIMEAERE, FEEDITL2DLT, 90%LA ETEN
727> 7 (Table 1-3-6), ShHOFEFE BN OWTIX, N LEEZ 52 72855 &
g9 5 L1E & A EFET R0 o 72 (Table 1-3-7), Mk E X, AN LfAEE 52 72
et d 5 L AREIZEN-7275 (Table 1-3-8) . #T&k-1 Lirge-2 iz
HFRHA 72 BRI E D B e oz, Fio, HEREUT 20, -1 OfEk
EEAIUIva Y CEE L E A, 4 EIRT 3 EERIPME L, SR
N 14~17 H, MHAEN 35.8~43.7mg Th o7z,

UTEe-1 LT EE-2 [ DA HE(E A
Sy, -1 MR L2 MR TEN R RMEEIRIZEB VT B AN
7otz (Fig. 1-3-8), MHAHEIZHOWTIEL, ETIvak, ymYy AREd
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W E-1 FIRITIAE2 MR LV B EVWZ ERHLMNIIRSTEY, S vaX,
Y ARXIZRBIT A1 O & TE-2 OO IrEg-1 xrg-2, LT
[FkR) Lara-2Xxah#-1 Tk, T ENEMROIZTFHOEE R LTz (Fig.
1-3-9),
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&
it

AT ORI D Rk R o PE IR A

PREEHN L H4E A

PREM L BRE HIILLF O Y (Table 1-4-1), 200749 4 9 B, 9 H 28 A,
10 H20 H,10 A 21 H.11 A3 A.,11 A 4 BIZBEEAS (3 » Fr, BAH-1~3) .
200747 H5H,10 A 22 H, 201048 A 11 H, 201148 H 9 H.8 H 29 H,
9H12H, 9H28H, 10H4H, 10 A 16 H, 201245 H 12 H, 7 A 28 H,
9 H 1 BICEHHS (4 7P, T%-1~4), 201247 A 31 BICPOER-S (1 4
Ar. PUE) . 2010 9 H 8 H., 2011 4511 A 12 BIZIWNHTT (2 » Fr. Juil-1,
JUIN-2) 510 P&, 2012 4-8 A 20 A, 8 A 23 HIZHEE (2 » P, -1, 2)
CTARFEMERERL R 28R4 L7z (Fig. 1-1-1), BRE LM i3 Lo E 74
RVICFEBIRY . LN OEBRICH W, A2 BHIRGE UL TRl S 7= B Ak &
FHIR0 ., WA Lz,

E BERER
BIBR-1~3. Hp, im-1~4, WUE, JLM-1122o0 T, 3 EmEBH,
JUN-2TlE, Irvarzy, vavr st vV Y awY xR ENRE
BT D%y FECHIE R & D IO BN ATE N AR LTV,

7ok

%% (X, BRI DEEE LR & 2 o IR EFIH Lz, PEIRERATE

DB E D720, 5 2 f{i Tl 7 A B Uik 2 VW CTaeRlsE
ﬁ%ﬁotoik\@%%ﬂ¢ x5 S U O AR ER O AR A TR T
FAEAR DT DK T DIBAHNEZ AR D 72018, FROBREMN 77 AF
7 — A CKTEMER R A 1 RSO AR, 25°C DK HS&MF (16L-8D) FTH
FhMmaRR L, FFEMMIIL, IYv=2 Y B3y Iva sy vey
A7 HEMH L, 1 RIOERT, 2 EEOHYOMEEEZE 2 TRIBHIE R L
FERX (ZFR—X) &, 2 FEOMYOMEE 2 X TRAIZHERR LT FER
X (CZFALZRHK) Z%E Lz, ZFHR-XTIE, &aF LMY OES 2 0.15-0.25
g Il D EIOCRIZWEH L, “FRXAEKTIE, EFTHEWOEI N,
0.35-0.55 g {2725 & O \CHfi L7z, WA <ozl naxi sz —u
A LTV IRANTEHATHEE L (Fig. 1-4-1), FF RS TR L
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WK IZESET T TCEEL, £AT7 X LIEE Lz, MkhofFs L
T 3%y abiika b5 22, FENEWIZPEN SNTZIRDE & B ETE T 5 £ T
HFLRE L., FEMEMIIEE R L0 LRV R AT,

SIS
TR T DI varsrteoae Yy 2780 " FHR—X

BAH-1, HEB, JrEg-1, o2, -4, WUE, SuN-1, Juil-2 TEREE L7
12, Svasy oy A7 YRR LZ, MRS ~DPEIIEL % [F U
EAGE L, EEBNC ZHERE (p<0.05) ZHWTHIT L& 2 A, T2 OF
SMETIX, Y A7 HIZEEI LIZEIGIRIE & A EDMEIRT 5% T THY .
5 AT _RCRI Y a s/ aRiF L (Svas/Va@f . A5E720: v
VAT Y @A =15:0: 0 fE{K, LLT[EER) (Table 1-4-2), JuMl-1 TH 3:0:
0 AR TT _XTOMNI v /28 Lic, BER-1 Tix2:1:0, a4 T
(X1:1:0, WETIT11:1:0 7T, I-var a2y Lol @ rE7e Lotk
PRTE LTz, —F, r#-1 oM, 7:1:5 8K T, Vv a7/ )28
L7zl ey A7 B 28 LN RIE LT, e A7 ZEINOEIE %
FEARBERNC AT 2 &, IR-1 Db b2 vr Y AT HIZHEINL, KT
JupN-2, a4, BAA-1. PUE, JuM-1, FE8, -2 <. EEEEE THEEZED
B o7 (Table 1-4-3), UT¥-1 L UTHE-2 TIEAMEIRN T vy A 7 HIZFEIN L 7=E]
BRI L TH, T#%-1 L2 THEENH - 7= (Fig. 1-4-2) , #[H (2 # 7T
TIE, 7T 5 EER S 1 X 7 I EIR LT,

AMEICIS TSI Y arshevmr Yy A0 FERZEX

U1 S22 CRE LM YasY a5 1 HIEICRA
(ZHER Uz, W) ~DFEINEL % [F U & E L, BRI ZEHRE (p<0.05)
ERWCHT L 24, TE-1 Tid4:1: 0fER, UrE-2 Tix3:0:0fEk
Toh o7z (Table 1-4-4) , IT#-1 LIEHE-2 D>y XA 7 YIZPEIN L= HIAE, £
NEIL332% & 0.0% THEZENRBD HiLle (p<0.05, x2##E) (Table 1-4-5),

AT 28 I3 U Ivasrhlon Yy 2750 FHR—X
BAAR-1, BASR-2, k-1, afrak-2, ra-3. a4 TERE LMt A 3 v 2
YarzyLonmy A 7S aRRICRR LTc, MY ~OREINEZ [F U & RE
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L. EAEBIC TIHRE (p<0.05) ZHWTH#HT LIz 2 A, T#-2 T, 5 A
KI_XTheASIUIYalsbazRF Lz (B3 UIVvarsda2®y . A5
2L vy A7 EEIE=5:0: 0K, LLTFER) (Table 1-4-6), iIT#-4
THIFEEEIZ3:0: 0 AT, X THEA I VI Tvarsa@y Lz, Tl
TIE3:3: 7KL a2 Y& LIZ RN E > b DD, B 3D
IV a sV aEg LR GO Hive, B2, BAR-1 TiE, £ 4:0:
1, 4:2: 1K A a3 U Ivarsba@Eg LIERRS T b0D Y
A7 W2 BAF LT EAD R Sy, AR EN BT,

B L CELEE LR R 23 > 1 A 7 I REIN O EIA A ERRERNC A dt 35 &
-2 TIE 1% (n=146) . iIT&-4 TiX 0% (n=92) Th-7=23, BHE-1 TIL 25%
(n=252) . BAH-2 TiE 14% (n=132) . #r#-2 TIL 40% (n=86) . IT#E-1 Tl 56%
(n=365) LABHMICL > THEENH - (p<0.05) (Table1-4-7), v =2/
PEimY A7 YOFR-FEROFBREET 2 &, -1 L4 TITR
IAHRERE o=, BAR-1, T2 TR OFE R4 /R L7- (Table 1-4-8),

KA RME & BEAZ R MELZ 331 5 PEIREL O LLis
BB R HERIP U 7oA R, ARVEREIREL (FPofi) (3R RMETIZ 2 8, BE
AR JEMETIZ 1325 L B B0/ 25038% o 7= (Table 1-4-9), F7=. RAZRMEN S
FOIZINE, ErIZEAEE T KT 5 b ONZHA G, AR RIX
RIBT R LN EE e A LREIMTENZ & BN E R LT 72D T,
LLF O FEINRIFE D EBRIC W2 T X C O BEHEC W T, FEINTENZ2{Ed 72
2, AL RS b OEMBEHA LTV D

FBEMEACBITDIYashtoa Yy 2730 " FHiR—KX

PTHE-1 L T-2 1B 2 TR O RELFEEBR 21T - 7o fE R, T#-1 MR TIEE
OEEL Y A 7HIZEIIL, I PaXTiE4: 0: 0fEE, vy AKX TiX
2:2: 1R CTH o7, EE-1 BEERBECHRE LIy vy 27 SIZEI LI ES
X, ENEI, 30.7% (n=840). 42.1% (n=742) Th -7, -2 MR Tl
Y aXT3:0: 0K, >y AXT1:0:0 R, T2 FAEFETAFL
Teva >y A7 HIZPEIN L= EIA 1, 0.8% (n=358). 0% (n=86) T, T 1A
7 i i&h&?%bﬁ#okoE&4ﬁ+kﬁﬁam¥®Vnyfﬁ%*
PEON L7513, Sh IO T EMEIIC b B3, BRI e - 72 (Tukey-type
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multiple comparison test for proportion, p<0.05), ZHEEKIZIITH L m Y A
7 IZEEIN L2 B SR, IEk-1 #iR &2 #iRoHROfEE & -7 (Table
1-4-10), F£7-, THE-1 MR TIHEEXIC L D220 6N, T2 fiRk &R
MR TIZ, EIFR O o T,
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1 EDOEL

AT, BV - BBV IR QR DBV (20T 2 3 71— 1240010 T
FavHEayFayRIZONT, BEEL T, AFEBRIRE K OfE% g4
B & B - BBV 0T A FRIE, IREOIAIE AR < HRNEW To E R
w238 5 (W4, 2012), AFEIZIS1T 200, Sh, O FEFF AT, 12.4~14.0C
L, Ml (2012) (RSN TF a v BIRFHEOREREFRROFHMHELY 3°C
PLEEEY | B - BEVEFEO L O LT & A EEN Do T, ARREIZIRT Iy
D08, BF - BV ICOM T 2RO AL ET P Zootis D HIR
L7z & &3 (Yago et al., 2008) . AFEDOEJENH T THDH I & EFJE L2
7,

ZAVE TIZE BV TW D80 BARIRIZ R T L IR DB 2 52T 544K
PEDRIRTH D L FbTnDd (IEA - KH, 1988), HhHIRIRIZIZ, Bl
IZHHBDRRETLE CED LD L, M~DOLE Tlx7e < Shl i 20 K4t o
7% Y (Yin and Chippendale, 1979; #7H, 2007). 20°C#H &M Tk, &K 8
Bl O RPLE A BE S, RFIIHREDOX A TORIRTH D EE 2 6z, i
FINEZ Tl 77 ZIREMED @ < L HEERLE S LUV 2 &2 KD il
ENDHZLICERTHLEZHTHEY (Saunders 1980; A, 2000; Nk -
R, 2005) , AFEICRBIT A HBRIRb RLE I VFI SN TWD EE XD
N5, 26O LG, AFRIFAFIZEENEE UIKIRIZAD Z &N 50
2720 KRB A R 285 & L CL e Th b LB LN, —h,
25CHAZMETIZATE A ERIRICA S 2D o T, ¥ % T T 72N Atrophaneura
alcinous TlX, PIHBHIOIREN 20COERAHE LY | 25COERHREDOHNE
{IebZ &MmbiLTin5d (Kato, 2000), F7=, SHBAKIREZITH =3
Lycaena phlaeas \[ZEWTH, 20°C TIHARIRICADHETS 25°C TIEIFL AL
RIRIZ A B 7202 D3 y-> T s (Sakai and Masaki, 1965), = @ K 9 12k
FERHE RO 22T 5 2 TR CIRE@EIc A b v, KB T, i
FEDNMRIRFBRICEEL QD EE 2 BTz,

IRIRHE DFEFIZHOW T, ARIRAER 21T S T2 EN RS PHET 5 Z 03B 620
([Zhpole, AEEDPDD OO, ZOFEFH 2.5 H THEAHX THIEFIZPML
THZEnb, MOFavHTHLT A Y B aw MU Hyphantria cunea

(Masaki, 1977) oA 527 & NV K% Asota ficus (Hirai et al., 2011) 72 &
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ERIBRIC, IRERVE BIRIRII L 2 LB 2 BTz, IKIEZ2 8RR L 7 RIR(E (R
DH B, HEE25CT27 BIULR R L, IRIRFFORBEESNGHET D &
KR AERIIULT D Z &I D, 2D LT, 2009 4 4 A1%¥~5 ARTEED
[IREBET DL, HEDK 7 BRIIULT D L 2nd /R e e odz, HEDME
L0 BRI E D HBG A JEEE L VW, Fa VETIEEY YT a v

(5K, 1980) <°, ¥~FF =27 (Wiklund et al., 1996) 7% ¥ D% < OFETH
HINTWD, AMTFHERNSEIEHRMINTNDLN, —EIIZIE, £R
Bl e HE D OB E B2 b T b, B 1HOARMOTFIRETH, 4 H
TRINCHED A D3RR S 7= Z £ X°, Minohara et al. (2007) 1ZHBW T, FE
ICHERSRICIHET D2 &R E OB L —FK L, ARICBW TEFICHEME SN
ONDZ ERHLNTRT,

2009 FEDT -1 OFFIHE A Tl ARRIZED BRI T THER A T84
T 5 ENHES NI 572, 2009 4D AMeDAS OKIET — 4% (K47, 2009)
&L AW THRONTEREER, AOBERERE, BRAERZ AW OBRXEZ
TERC L. RIS T3 2 R RFERIREA#EE L7 (Fig. 1-D-1), B4+
THRANZEK RS HER ST 4 A 30 HZBA KRR ORER L Lz, ZORE, &6
1~ 5 AT, S ICHERABELVREVWARSFE T TRET 5720, KIR
WAL, Stz enxkE T, 6 H17H, 7A14H, 8 A7 H, 84
31H, 10 H1 HIZIMbT 2 LEZ2x b, BAHREIZETHSDIZ10HA5HE
HeE S 6 ARG MO A RIFEER A HE X VA< 20 | BB 20°C
Z RS0, ARIRICAY A5 EZ 267z, 20O &0 bR RFERHEAR
ik 6 A EHEE Sz,

LorL, FEEORAETIE, RIREEOPMERIZIE S5 &, I3 A AFET
HEEZLND, T T, FIROFBAN 2 BEHE S, FERHAE L R o
AR A HEE L7z (Fig 1-D-2), Fig. 1-D-1 & [FERIZ 4 A 30 A &4 ko
FAH & L, Minoharaetal. (2007) OFE5E725 5 A 10 H F TREEIINAHE &K
E LT, fABEEBRICBONTE, %1 BUNICRRE LIEIFFEETH H Z &,
FTOFHEFHENRITIATHD Z EBH LN o 727080 AR S, RFERK) |
PEIRRTEAMIZ 0 B, BB OAEFHEIT IO B & Lz, &R OAREITE L e
Mmole, FREAAEIY AERHEWVAICH R TH > - EERIZT X TURIRT 5
EAE LT, EORESR. 8 1~5 4 HRIL Fig 1-D-1 L [FERICPHET 5 2B 2 6
iz, %5 RETPEOSNBEH O RIFERAAE LD RV, 55 A% TIX
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A ARIVELS D7D, KIRICAY, & T 5EEX 6N, &5 AR
b EbNTFH 6 L, ShBHOBENHEAARELVELS D720, IKIR
WAL EBEZ DN, ZDZ LD AREITKRBIFEF T T 142 5~6 itz
B2 2 L Wb Tz, BUROREAEREHICOWTIE, 5 A4 11 H~6 H 16 A &
7H2H~13 HO2EOHEERTHZRS L 11 A 1T HE Tk L TRET D L
TSNz, BRORBETRIE, B OFHEIHEE & Minohara ef al. (2007) (2
IFIEF—# L7, L2 L. Minohara et al. (2007) Ti% 2004 41X 11 A TRIE T
AFER AP ER SN2, TOFEOKIRIC L > T, 11 A 1 HEBE L IAEN
e &P SNTE, ZoX T, AETIE, BAOFEIEEICH L TCRE - H
ERISHOHEE LIz JAERIBN —F Li-720, BEWEIIKS . /A CA R T
FEEMED KL TWD EB 2 b,

SEIERFMNT TR ZRATRER, ZROMILICE > & BTV D
(TARHIRGRE LIETH o7z, ARG UEIIARSEER O 1 CHE— B S 2 H
THETHY ., HEOMEA~DORELAE -T2 2 L DR R ROV & & 2
SivTc, AFEORHMEZ V7ol OWRGE LIE TIIEDOHE~DBILAMELS | B
SIIE & FA B HETITME~ DB L ORREN R D Z LR Sz, o, BERE
MEDNDERIN L SR Z A LTz & 2 A MEDEIRICPED I A2 S E 2 DIZ,
1RO THRTHDZ LI,

AFEDOREZ BMEDOEINEIIAR LM L ¥ BEEICE < R RMEITEERIZIP
HEETDHIEDBNETH -T2, Fa VEHOMEIIINC G X D2 REO—H ZHF
DEENSRFTVD Z ENMBIA TS (7 & 2 Thornhill, 1976) . I,
VAT I VBEIILD LT AHAIEIERRKERNGAINTED, HoOR
DHEFFIZHW B L=V (Gilbert, 1976; Boggs and Gilbert, 1979) | i D 7y % 4t
IZL. PETFIRE AT 3221 HbHE LT 5 (Watanabe, 1988 ;
Svard and Wiklund, 1991 ; Oberhauser, 1992), Z D Z &6 AFEMES . ED
R B EYICE A IZ M E Ry & KRN DT TN D E& 2 bhvle, KR
MECH ERED 2R LT OIZE A EEII L)oo 2 L h | EEINTIER R
BRISILELL B Z BT,

W T ABEZEZ AV RZEIL, RIEI DR oT- b 00, Ml S B IZEF
RKOZRARL LT &b BREEZ1TO LTIIAMNTH L EERA DN,
LU, IREICRE L2 F EEMICET T DT IR0 —E0 6%, P4
DOPULFER ST, Akt (2009) &EJLHAM (2009) 1%, IPFAKETH D A
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T 71 # = FA/8NF Trichogramma chilonis 734 AV Y 22 X Shijimiaeoides divinus
barine DIINZHBITH - L HEVECER E LTEBY | KOOGS, IIF
FIZEDSMEBEORTRRREIFTORESR L LTET b, INFEEIIAY
A XD T mm Kl T, IRENSORAPIEARETH D720, IRENTEINS
ELOTIH L, BBRRMZEIR L, AL 7 AF v 7 KN TEINSE
DONLELNWEZZ BT, o, kg, A PIERED ST L
b, N MU TEREIRENTEERET O2HERTICL DI TERNNE X
L, WHRBORA IR HEEZE X Hiv,

LU, 7 2 BT O T E OB AR AR M B OB E OB IZ I,
TEOMAETRET DI ENUETH DL, RESK S — P TOMEIX, —
JEICAZBRLTE DB ENRON D, METHER L TREOZRM 2B 25 Z &1
AIRETH 205, MEDEREIZZREAAT O vIREMED & 2728, HHFOIEA FriE ik
RN ENREAE LTETOND, 20D, BETE D1 1 RFEITES
b, 7o, EULL &g do I BER RIME T Y LI PEAT T S /-PR7e
Emb, WEIOFEFRICa X Ix—varaR I riERd 5, —J. ER
HIRUE LiEIE, EEOMZ R SE 2 Z L NARETH 5, (LB OREZ i &+
L BITHERARW . RREK. MEEICRLIRY . BT RPN T 5
ZEMARETH D, Elo, —EITEEKRIORE AR S5 2 ENHRL 720,
A BHIR E 3 LI ERICAN TH L B2 b,

T a VEOL R OERRET) L MO EINEIAZIT, DR FTREEEND D |
Al —FEN T OHREATER CHEFEICEN D DG L2 L 2V (72 & 213, Bowers,
1986; Nitao ef al.,, 1991 72 &), L7 L, BT X SFIH STV D HEDFEDME R
HETHRL2 > TV TH, ERAICIHNTHD EBIOMEIZEN A O WA S
& % (72 & 21X, Wehling and Thompson, 1997; Bossart and Scriber, 1999 72 &),
AFEOT Y A7 HFOEBEEINICONTIR, SEIERWMERN2INTE T,
HE - HTE (1988) X, SRR CERE LI ATEOIRAZFF IR0 | 1 kg
BN SRENRICR D E TRy A2 52 THELIZE Z A, IR
ST EME LN, mHEL (1984) 12X 5 &, FRAREOAT 1 fngh iz m
VA Y ERZEEZA FIATEFIHLE Lz & Sh, BERREIC X - TAET
RPN D ATREMED B Z BV Tz, AR OMERITBEE L <ML Tno &
BZONTTeD, HEEZITH 2 LT TE oD, AFEOREE, WTho
AR BN T HAEFRIZET 22 <L AEESS N LR VTR 90%LL B
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KB PGICE T2z v u Y A7 Y ZRMARETH 5 Z LB LMo T,

L, BE AR EWMAEICEON T, FFEHEME CAEREN D ST, %)
HMORBEREIL, 12 BFRETEHIN, IPaRiyra Y AXOFREE
IZHEL o7, AEIZ, IPaRibim Y AROENAEICE)NT,
— RN, TR T D RIABE N EOG AT PRI E < IEAE
ITELS D EEZLNTEBY (/=& 2% Hsiao, 1978) . KEA XN TIxsh i
[ & MRIAE DORIRICEB W T, [AEROMEM 2 L o2, FIHBE B A ZED
HHAREMERE X b, FEREXHETIE, WMAEIII P aXPELR2DHD
O, HRMEIT e Y ARPELS, Y A7 OB EST L AR TIEAR
WABBPEDN B 2 DTz, F7o, EEREM OMRAEN R D Z L b EIARREHM
THFFEMIIKT DB ENH D EEZ LT,

FORBEEITSE S (2004) 13, BRAMTIST, B84 )R B O R 13 e e W
EOBUEL Y HIRY A IR KRENT L ZFER L TV D, 84 IR T2 8 %
P CCHANIAZE L, -1 EE—OEIKEEE B D7D, Ja4 )
E BRI, EE-1 L2 ORRE BT 2 LN TE D, AR TIL,
-1 O my A L2 O XY a3 KOBIKREIZITZEDN 2 <O REEITSE
2= (2004) OFERE—FHLRInoTo, BAbNLATRENEE LT, HHOLHED
KOARRBIZED , T2 BT 284D a7 hofRiBITH £V RiFTldR
<o EVIRYA XN ESLK D2 b Ee, BRI 3 v Iva
T NEET D% Y (Minohara et al., 2007) . U EFIH L EEOK
YA ANMKREL DR EBRFT NS,

AFEIC N TERE e ARELR B X ToRE R, R LG BIMIcIZE A EAEZEIT
RIS TN MRAEITAREL D N TEBEZ 5 X - ARBEEFICELS 2ol il
DODREBIZBWNTS, NLEEZ 527250, 2RI ER EORELZZEICHE
RTEDD, KA XDBRELRDLBIPIMESNLTWD (72 & 21T Bucher
and Bracken, 1976 ; Cohen and Smith, 1998), L72>L. ALl 52 -84
OEFESCEEXICE 21T, EEL G A THE EHEFIIITZED B 7eu &)
Wr X iz, AEOKEFFRLHERICBNT, ALfEHIAHTHLI EEZ BN
7=

PEIRIBAFMEIC OV T, — O EEEE TR vy A 7 ITFEIIS 5 2 & 3
TR0 | EARHER CREIEAEDN 2 5 Z E R BT o7, Y A
7 PITEEIRT HEAFEN TS, PEINRAPEIERIC L > TES &R HH 2 &
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LGNNI Rolz, L<ICIHE#2 TIE, Ivarsdein Y A7 2R IZE
RLIEZHAETH, Y A7 PTFZ LA EEIIL 2ol bbb, ey
AT T HREINEESNT 2N EZ 2 bND, T a VEHOW S DO TILRE
PMBAHEII D &b ZRER RIZH D 1 DU EOBEFITL > TIREENT
0 (Thompson et al., 1988; Thompson et al., 1990; Scriber et al., 1991; Scriber
1994) | S OB A BAECEE ) IL, MED PEINERAFE & EHERIMR L2 W B D ELR
FICEoTHIB SN TVWD ZE LWL NICR> TS (Wiklund, 1975;
Thompson et al., 1990), —77. S BRIUIHIH U 7AW I ZHEDS PESEAT 2 5>
ARG BEBEPHE SN T 572 (Hopkins host selection principle)

(Hopkins, 1916) . F = 7 H TIZZ D X 5 Z2BNTHER S AL TW72RVY, ABFZED
%%W%\ﬁ%4®aﬁW@%m@T6k TRYAROTNR B Y AT
ZLEIT DT L AR LTen, BFHEICIZERB TS 22 R R o N0
S B ORI & 28 AFE DAk m@%nﬁ#oko:@:k#%\%%%ﬂ
PEIXEICIRES N TV D LB BT,

Ivarseimy A a3 Iva sl a Y A0 ZFH R
FBROMERIT, FEALEEN P D, RT3 v Ivastic
LT, IYvarZd LIZZRRICEINTRETH L Z ERHLMNI T, BA
GUIYasPEIYa SO (EREIITAEROFRRETH D Z & 2 EE
T5 & (K, 2003) ., FEMIRICE ENDICTFWEITIZ LA EERLRNEE D
iz, LvL, a4 TRERLOAR L RoTe, Ir#-4 T 1 EIERD N2,
v A 7"3‘ IZZ<EINL, ZOMOEKRIZ, oy 27 HiFE A EFEIIL
RinoTeZ Enb . u Y AT P PEI AT RE AR ME DM AN I AR EE CIE(ET
HEZEZ BN,

AFRICBT D v v Y A RO E L RPEINIZITIEOHBERH Y | uy X
KL IvaXoGR, REINDNL -7 (Fig. 1-D-3), o B HEHIZE
WTHIHARE L ZOFOEITHER Y | A EZMOB ) 2 I DFEEE L
TW5% (72 & 21X Armbrustera and Hutchinsona, 2002; Zhang et al. 2012 72 &),
FTROL, KA ZARREVIEIZE, W Z2R>LF R D, £, EN
Bofix, ANOBESIZT TR, B TR L ) R AEEICH LT
LAFIH LBEZ BN, ZNHDOZ LD, WTROEERHICEWTH v
BYA7H IS IYa s ERAT LR, BISEREW D & 6N
D, BB TIE, ey A7 Y EFIHT L% EEEEE, Iy 3%
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AR 2 se-2 EAREE & RIEN N EOEISE 2 FF> & & 2 bive,

BETR-1, BER-2, oaé-1 Tid, PEINEAF LS ROEFOMRIRNG, Y
AT Y ERAT 22 ERALNIRY . WA OTF DA & —F L7z,
Fo, ER, rEk-2, TE-4, JUN-1T TIZEIRRAEDSHIRRER & 720 . 1
VA ERHATE 2N EZ XL, 2 OBlE s —E Lz, NEOME
REECIEL, KA XL REL, VY AIZHEZRHLTHRICRETHI LN
HONTRoTen, Y 27~ TUT e A EREINET, BT ORI H LA #E
EEX BT, U2 TiX, AT Y A7 EFHAL TS &V )T
TRNDN PEYMBIFFERROFME RS . BV THIH L TS AIREMEIS S E T E e
o, LD X 51z, plol Lo FFMEMI T DR MHGEIE, 4T L bxt
IS LN ERHLNT o T, £z, BT u Y A7 S OMMRRE S
TWVLIEAEEETIE, v aY AT P~OEINENZH L TND Z & &R A XR
REWZ LIRS, vrY A7 H OB TOMMITIZE L HDE & LB T
L AREMENRE X DT AMMOTF a VTS MWK T 58 & T OREFISE
BAFPEICEN DV . SRR FH#ES L TWADIZHEDb 59, R oBREIRL#EIC X
S THEHFANIRE SN TWDLHDF TS (Smiley, 1985; Honda and
Hayashi, 1995a 1995b) , WD pEINEE ) A3 %5 HPH 2 IR 2 0%, ShhoBH)
PIZIFRAR DY, B LIEMCE TBEIT L2 EDPRNETHLNLTH D

(Thompson and Pellmyr 1991; Zalucki et al. 2002; Rhainds et al. 2008) .

AFETIT WTNOREEFETH YR Y AR LD I¥aRoER 4 AR K& <,
IV HICHTAREEBIENITE W EE X LT, k-1, BIE-1, B
-2, BIR-3 Tlk, v ue Yy A7 HITHEIN L T\, SIRAFIHTE 2% FMY
WEEHL5ETH, HRmAIZIL, BRI, FOAEER, BHEER b L b E
72 HAEMNZEEDR9 51334 T 5 (Awmack and Leather, 2002), L72>L ., $hi
DFRE I S 72V PEINRIF 2 FF O L SN TR Y | RN EF DI
xf UTAEHZH R EZ S > TR Th, MEWIZBEET 2 Kifitd xHiled 2 o
W2 L CWADARBEDR N S D 2 &0, ShB DB R I BTS2 &7
EMNBEBA LTV 5 (Ohsaki and Sato, 1994; Forister, 2004), Af& Cl, v
0 A 7 ICPEINERG A FFOMEARETIL, S v a7 RIEEAEAET LRVER
BChdrZlinh, IYasZYoREL T Y A7 S ~OFEIIRES TR L T
WHEEZ BN,

LED XD 7281 EOREEN L, AFIX, 14125, 6 AL, 45T
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HTIRIRIZA D . BEWEDMEWZ ERHE HNTRoT, Fo, NLEMHETIC
K OBHETIL, WA CERE LA AEHTHL Z LB L, E5IT,
WTNOREEEETH X v a2 7 ORHEIILE» o Teh, Y A 73 HF]H
INFTRE T & D DIT—EBOMERTED AT, ZORREITMEARFEIC L > TRRDH EE
z bz,
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H2EDOME

AVEEFEZAT DB Tl MEREDSN S 5 2 L ITFREZTIZOICAARTH
D, BMEERELL, AWZEMEERER LD &, REIZWE 5 — @O TE) 2 fl
BTE) & MRS ORH, 2005a), 7 = VEORMBITEIO A T =X LIZOWTOHF
JeiX. X NV b a UE Argynnis paphia (Magnus, 1950) 72 & CTHEBEL, £ D
BTIE I ERFETHLNITR > TE L ARRITRIT 2 BB F T OMNL T,
BB TEN N ZE PRI OFIR 22T 5729, N THEINSCRENNECTH 555
ML, AEZIIUD (B 1 ®E 2 fizlR), AT 723 Celastrina
ogasawaraensis (FFAF, 2009) 72 & THARBRNBRE RARE L > TS, BLHAT
BhiE, FEMESTEER T, BREMNMIEBERROND Z L b7 2
B FEICE > TRRS> TS EEZDN TSI (KH, 2005a), I LD
TV DA LEETH D, AHOBURITEI Z T+ 2 £ T, iR E LTr~
k¥ X Pseudozizeeria maha % F\N 7=,

YR UITAFELFE L ATV IRITBE L TERY | FERICHEMEREICAE
B LTWD (FK, 2006), ALY~ Fo Y JTHBRAES 6 EOLBITONLED
EWTKRIT 5 Z LR TE D08 MDOBER 7 — 3BHE L T % (F7K, 2006)
ZOWFENFRFTNCEET 2H T, FOXIICAELZFHR L T L 0EHRET
% Z L%, RFEOMEEZE OGRS T T EEOHAEREZ ZB 6T
LHEBERBENTHD,

F7-. AFIX, 2008 FlZ b ANV ET VYR Zizina otis > BN LIZFET

(Yago et al., 2008) . AFRIZIRATIC, B A T/ ET ¥ TR D b BEVER 2 A
<o Ly EWNIZEBWTOAEIEIREE L T\ L5 TH 7203, 1995 F6 &
TN 2008.,2009 FEZ TV E T O3 A OFEIR T 5 RS R 1512 Z <IEWEA
BTEAIAVET Y INRESN, LRSS B2 DMIERPTERH ST
5 (APRH, 2009; 1T, 2012), SV BT UV IJE Zizina D=a—Y—F 2 R
[ D Z. oxleyi 75, NZABNIBEAN ST Z. otis labradus |2 & > THA iR % 1C
RE I, MEROEHEIZHE L TW DI 5 (Yago et al., 2008), L L TWn%
Fa VEOFNL, F Y FT 57/~ Papilio memnon (Yoshio and Ishii, 1998; 5 J&,
2002) R°Y~ /vt a UE L Argyreus hyperbius (F7K, 2006) 7L< HHIT
PO, LiCElE#ESzLEL, WNABIZEELZ DO TIE, A4V 7m
WYY X Megisba malaya, 7 X =1 F 3 U Appias paulina, X=F T T/
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Pachiliopta aristolociae (FA7K, 1989 ; f&H, 2012) 72 EAHwE SN TND, ZD
TEDB, BAVAET VVINSR, pMEIER L, AL FPTANICALRT
L A[REMES B A B D,

AREF 1THI T, AEORMITEIZBIZ L, MO Rl OBREZEDLETE
2 L70, F2ETIE, BUAELIT Y~ b L LT, MEZRTR OS]
TR O AAE 2304 Lz, 553 = Cld, BRI Tkt A >
VBT VR Zootis & OHEFEIZEL O AR & F1EAEDFEFIZOWTHAE LT,
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FHI1HE ERITEIOBIZ

7ok

Ira-1 TEREE L7 R o AR DM 8 iR % 2012 4- 6 A 22 HIZ, a2 T
B L7 BIR O 1RO ME 8 A & Irse-1 & Ur8-2 OZHMEEIRDOME 5 Eik % 7
H 28 HIZ, [FIERD AR DOME 7 BfA % 8 H 31 HIZ, Ii-112B8\ T, AL
ki Lk (35 1 =282 2HWT, T itek Lz, £ 0., i
X _RTCIEE-1 O TH D, R Lzl S vasZ/yEigsay 274
452, 25°C16L-8D £ CHIBE LI b D TH D,

BN EDMEZ KT DB E R, [FE o7 ZRRERIT LA o7z 11 ERRERAIT
Liz) M2 EARRAAT Lz) @ 3 BFEICXAI L, fidk L7z, HEDOBOMREE
IZOWTIE, MCBEENRRLNR2NHDE A, — I THHOBENEOND
D% B, BERTHHONENRONDSbDE C & L, Fiz, BAMEICHEZ T2
IRLTEE X, oK REFRIT LA Do TfEIRIZ, BIORE 232 Rr3 5 Fhr E
1To7,

i R

201246 A 22 B S ClE 14 EA 2 ERE L MESEIRICIR R LT & 2 A,
3T DARMASL LTz (Fig. 2-1-1), 7 A 28 HIL, HE31 fEfRZHLAE L, M 13
fEARIZHRR LT, 3T OB LT (Fig. 2-1-2), 8 A 31 HiX, 14 {#
REEE L, M7 ERICER L T4 X7 OZRNPKN LT (Fig. 2-1-3), WD
BREEEIZ DSy UTATEI A LUl 2 &0 HTlERE A OERIE, SfiFfE B, C & kb
T, BERTEIZEAEITDRNI EBRPHI/2Y | Fig. 2-1-1 & Fig. 2-1-3
TIE, ME~DORIGE S BOFREE I IIBER H o7, £, BRILLTZ 10 X7 D
RRAZOWT, HEOBOFREE THT 5 & BT TN THMEEB £7213C o
ik Td -7z (Fig. 2-1-4, 2-1-5, 2-1-6), KR EXZ T ANMED HimiX, 1 HH
A5 MEA, 2 HRN SR, 3 HABN 1R TH o7z, MO ANIER 21T o T2E
BRI, -2 OEIR 2 AR IS ANR 72X T, 8 Bl 3 [IAZ AT 21T
I ERAS L BT A, ASHEE R % T -2 DR & AFVER 2 721X Gl 2 [a]H 2 [
EbRRAITIIR O R o T,
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F28 MEHRRICBIT Y~ PP L ORUBITEIO MK

7ok

2010 9 H 26 H, 10 A 6 HIZUr#-1 T, 10 A 11 BIZEHICH D RIFILK
FOEY (LLTF, KRAFR) TEREZITo7, #HEHAK20em &85 K51
M ] L7280, 7203 B 235 20 em 1272 D Em DL, 3 FE O R
CET NV ERRE L. (Fig. 2-2-1), E7/WI2iE, BT LT 1 EMENOEE
DIEREZ R W, BEHCIREDO L DA UEET V) #BEBEWZIRED L
D% TWRET V|, BAEDOE 6 BEOBME Mt~ — T — (B, M, B7 I8
L&) TRV OSLELDE [v—7 TV, BFET — 7 TE AL
LbDw [EHAETN] LT, RELEETAVLEERABHILITO®EY . B+
(23T 2 MR X RREERE (TR-74Ui4, fem RS 120,000 Ix, A &t7 4 7 K7
A8 ZHWTHIE LT,

9 A 26 H.10 A 11 Bi, PV ET7 V¥ OMERE, WEME, BE~— 7 i,
MBS NE, WM, AR, HAE~— 7 M, WEEAMEE P~ FUI0
W, I, WEME, BERMEOET VAR L, 10 H6 BiX, v ALET
VYR O, MR, WM, BRME, v~ b U O, WK,
M, ARME, YV RIA U I OWERE, WEMOET VAR LT,

FETNOREMIAEIT 40em DL ERRIT 72, BN CRAT KN AT T LIS
HLTEDX D RIS ERTNEBE L, sk Lz, REeREIXFE RO EHE
Ny NEFEATWD, Ik, ERFIESCEMBITEIOSEIZY~ MY I Dk
BATENCRE T 5 Wagoetal. (1976) Z&EIZ L7z,

i R

-1 TRAADFER SN I Fa vRHEL, Aff, P~ P, YR
>V Everes argiades, V7T I VIO AR, FFRTIE, P~V I1HD
HTholz, MAT MK, FET MK LT, #L, RER—-XAZMWD
mE LTk, RBERSR L D LA T 2SNz, REATEIN R 67z
DITTXTHET, MEIATD R o7, BRSNIZEBITEIZ LT O X 5 1253HE
L7z, BT /VEFLE LI22EE 20 em DINICTRAAMEIARNS A D 2 & % T80T,
ET VOB TR =A% & 52 &% [RE], T VKOs 2 & &
[BEfi) . E7 MK LT 2T 2 2 & & R IT) & LT,
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-1 128125 9 A 26 H OB FIFHECRIEEIIATEDS 48 [A], ¥~ I8 10
[ Cd o 7e, ARFERAALEIIATMEDOMEE T /M3 LT L) T 522
RITI DR, thoTT Vi LTk, #5E) ZLzboo, T (2F
5*&iﬁwok(mg2&m %v%yﬂ?*ﬁ%i ARFEREDONEET v

IxLT IRERIT) W 1E, v~ bV IBEOBEET VIR LT T8
231 [FIR &7,

1128172 10 H 6 B OGFHRREERIL, AFEN 71 E, v~ R P In
6 M Ch o7 (Fig. 2-2-3), AFEMAMMET, ARELEMEOBETE T LAITKE L THRV
Bzl IREFIT) DALNEN, Y~ MU cx LT k) 76
Lo le, MEOWE~— 7 ET MK L TRERITEITo 72, HFAET L
WZxF L CIEBLEZ RS 2o Tz, Y~ MUV IMRAMEL, AL v~ iU
DIAETET )V 1 BT OBET LT=DOATH o7,

JIERIZET 510 A 11 B OEFACKHESIT Y~ 2P 15366 [ TH - 72 (Fig.
2-2-4), Y~ FIUUIRAEIL, AFEMEL Y~ NV IMEOAEE T LK

T, IRE) o TEEfl PHER S, Y~ F Y IMEOMEET LK LTD
I . RRBATH R 6T,

BRI TEIONEFIZ DWW CIE, MM CRAr -7, Y~ b U d, 185 L
10~30 MRl T3RE) 2170 s Al U, [EHIT) 282 o72h, K
M T L7cte, Balel T, TRRREAT) ICED 2L 6N -
72

ATEMEREE v~ NV I OREORKRDPBIE SN2 BE A 30 5 T LTk &0,
REDT—2 LI LTz (Fig. 2-2-5), AFEOROKIT 9:00~15:30 F THkfe L T
BESN, HEORSEEIIMEL V b 20 o T-, ZRRBOBEZET 5 L. )
#1 60,000 Ix (n=8) . FAKMEE I 45,000 Ix ThH -7z,

FREEIX 11~13 W2 B — 7 12 K& S [UBL & 72 0 AT 0 B A1 e A AR O fie & i
DET AT L TT 2 7o R Rk T Offkfee e (e fiE) 1%, 2432 20 (n=14) |
5% (n=8) Th 7= (Fig.2-2-6),
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HWIH IR E AT T U L ORHERREM:

7k

-1 CTEREE L 72D HEIN L 7= % 25°C16L-8D S CHAIE L7z, M
L7 L IR AHET CRELIZE AT L ET VP o2 HER R > &
(F1EE2HZH) AN TREZRATZ, REKR, Ivasdray R
JH R L, BINLT, SonINE2EE Cidva Y A7 S OEETEHE
L. 3 WLARRIZY vy A7 0 N T Z O TEE Lz, oD, B A
DNWET VY EAAY T ATy YRV Y IvasY vy Ay
FONWTNNTET Lz, B AL ET VUL, SMembilffb £ T4~k
HECHE L, ZOMOFABEICOVWTIEE1EFE 1S EFETH D,

il

BFFT. 2 X7 ORI LT, —ERRBAMAL LT X D IC R 27228, &
S SHEN T S B o T2, RO LTERBLDOZNZE D 7 )V— KO F%E T298-1,
T298-2 & L7=, SMERiE, T298-1 2% 78% (n=251), T298-2 7% 100% (n=120)
T, ZV—FHTHEE DT (PHE), SMuLizshhz, £hEh 60 f#
KT OfEF L, 060 RFEMELEEZ R L (Fig. 2-3-1), T298-1, T298-2 &
KR DO MER N 40 B BAPNIZPBIC = 5 7223 5% 0 I m TR i Ak 0 3R L
60 H Ziti X TH B PUAERD HEL LEAD 72,40 H AP PE L 7@ RIZ 9~ T
HET, ZRLBEICPE L2 b 0T _XTHETH > 7=, F1EIROMERED S Ui
T 5 & HEAS 154 H | HEAS 58.8 H THEIZHE AN THES K 4 RS B2 &
PR BDNTTe > 7 (Student's t-test) , BfIAEI3HEDS 39.3 mg., WS 48.9 mg T,
HEL D bHED A BARICE o T2, PUL LMD 25 L& 2 A, AR
ULYRSZNY (Wl

EAVAET UYL ORI A Y TEAL - L BEL, 161 BT,
WTYARRN 232 H, YEY AKX 193 B CTERENHEEEND -7
(Tukey-Kramer test, p<0.05), WHAE|L, P rY AXTH & HH 243 mg
T, N TaRAYTK214mg, YN AKXT198mg Tho7z (fRiE), vrY
ARIZBIT DA, B AT V2| FlBEEKIZ T 2 585 I %
L=l A, AR (181 H) e AT AET (193 H) TEITRN-SZD,
F1 HEfER (16 H) IXMifEL W o7z (Fig. 2-3-2), FHIRAEX, e
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T, BEALET FLEKRTZENZN 46, 24, 39 mg ThH o7 (Fig. 2-3-3),
F1 {EDBOBR NN E — L AL L AT A ET VDI LR LT L 25,
AT AN ET VP L0 bEEAEO/NERNRE < AR #AFEI ED
BESINEEO/NEEE & [FSICHEL TN D R ED S TR S, F1LEETIE,
BEO/NBHIZE AT ET VI b REL, #AMRO BBEANLERIZ X
STREFRRLZLOOAME Y bIRENHVMHM AR 517 (Fig. 2-3-4),
BAR TSN O BEEFNIARE CTITRERIZ, B AT ET U I TR E RS

EFAFRNA, FUEECIEm T o8 — o R 6 (Fig. 2-3-5),
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E2ENEE

AFEOEMBATENC IV TR, HEIX, BOFREEE DR M T EHELZ 3T 2 B0 A
<L FRRIC, REBARIIR G AOFRELENMROETE <. HlimORFENRRD
Hivlc, —J7, MEIPMEEZR N OHEZZITAND Z E DA LN o7z, HEIZ
KT DZARMET, IR E BB L TV o Ted, HERICIKFET 2525
NTW5 (RH, 2005), 72& x1E*¥ ¥ X F a ¥ Eurema mandarina TITPE 1
H#% TZIT ANENEL 4 HBLETHR Y &L 725 Z &< (Hiroki and Kato,
1996) o~ & 7 F a VE TR, EIKIROTZDPUEE A | A2 3T A7
WIEZSWN D Z ENMBATWSD A (R, 2005), ATFEOSHEIE, T &3
PN IUER T IR, PEINRIRE T, & Y AT a v Sericinus montela 75 £ &[]
BRThH-oT,

Fa VEHORMEORR LBMITH LWL BEHEZE L TITOND N, £

ICHRRE AP N EE R X 270 L TW\% (Rutowski, 1991; Vane-Wright
and Boppré, 1993), —#xAIIZ, T a2 VEHORMITE T, =EH CIIHRE S
T, T CTIEMRE R EOLAHE SR EELREHZ R LT0L E S TNS

(AH, 2005a), MEOLRMEATENT, KEH & FRIN 5 —E O 2 A L 72203
HREl>TWS Z A 7L FHHIRER LIS —EDLGATIC & 8 & - THED
ROITVIREALTL DD 2F A4 TICBBENTHITHZ ENTE (L
Z & Scott, 1974,1975; Lundgren, 1977; Davies, 1978, Pivnick and McNeil, 1985;
Dennis and Williams, 1987, Wickman, 1992, Takeuchi and Imafuku, 2005a,
2005b) 1 HEDMEVN 31T S 611 7L 53 5 (Van Dyck et al., 1997a, 1997b; Takeuchi,
2010), AMFIEIZINTE, FFIEL TWDET VK L TEBOARTE L Y~ F v
VIDOHENE SRR L, ROZOTEIN O, E6H 5 b ER DL
MATENZ LD & B 2 b,

WA AR E T T L TOHBELZ R L, BRETVITTL AL
Bl Liginofc 2 &b, MifE & HICWA A UKD MERR OBT A A —
VThDHIENTEENT, Wago et al. (1976) TH, ¥~ MU IfENBE
PACTZIREE CHIEAIICEERR L T D & L TR | A THREROFERIE LI
Too ALY~ PV E, EBLBEMOET M L THRWELEZRT Z
EDBHOMNE ol AFRMETIAFEOMERE LS O DET /MITK LT HEMITE
o Lilc, £, RERITOMGRH A LIz 2 A, o LAKEICK L TE
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WIRFRIRAT 2T o 72 2 E DB BT 72 0 | BEARRR IS HERE 2B L TV WV ATRE
PESm o7z, Wago et al. (1976) ¥~ b I OBERZRMEII ML R
EATO MBI S, MNP Z & THEIISRE TR 2P IE T 2 3D
Mo TWb, FrruaF av)g (Suzuki ef al, 1977) RE L FF 3 Vg
(Silberglied and Taylor, 1978) Tidk, LI 57 & LT, REBHESGDLEE
D ZE BB T WD, KFEORAZRBMEDTET 6 LT, (XX T8 %217
IFINEEIR S, REETORRZFOLO EMHEINT, ETEAEORET
EROEEUTIZR LT, BE RO | XL <ATEZ/RT 2 LA LI
o TV (51 EE 2 8B, AT, fk L OO EEOMERED K] L
TEOLT, FEEICEITIE, ARORAMENFILLEIC BT L7256, #fRLED
PHNET=< 2 & THRAAKEDSERET H2TEN L6 TR Y (R, RKIER) ., ML
TS ZRFET H 2 & THEE T 2 D CTldlevin e RS-, LasL, /b
i B (1964) 1%, By uFa v Tid, MRAETE B2 Rz 20
D3, FRIEHEIIMOREDE S 2RI T D L IMNTT S IS EAT O T2, T O I
DAITENIETH H Z L 2R TREFRIETIZZVWE LTEBY | ORI & s
I Lo TRRIERLFO LB X N D AFRITHERED X 7e < B L,
PHETEROER A BNRIT IR ERITZ21T 9 & &2 b,

Y~ bV IET AEOET MK L TREAITLEDIZ1HITH 72 b
DD KRBT 4 AT VA ZATO T D100 oo e iR IT i < Bl s,
ZOZENL, P MU UITETMICEML T, FFEEZZREL 0D L
Ez b, Wago (1977) 1Zv~ by VI OENRAKFOMMEE S HI1Txt LT
LRRBAITZIT) 2 2WIonIc L TRy, BREICELERFSE WD JTIEIAR
WFZE EAERITIFIE— BT 208, ARSI 2 Mm% R RRITICE D ERIT )
e e 2 ESROARFEMEC KT A B L E o T2 & 9 s, Wago (1977) %
BIELL7enoT,

— 05, AHERELP~ b U IOFTIVICKH L THEET 28 D72 < Bl
CESTARITERCThH o7, 2D &b, BT /MCHERT 2RI, AL
Y~ MU IAEMEFTRL TV D EHERI S L, R ORI AIZATD
NieEB2oN50, REGEST T L TWARREELGETE R, HAE
T E ST L ERS o T-DE, MEEZEZER L2 sick2b0
EHEMTE D0, BWART =S KDDL R SR H Y . HRAEZH
Ebool-mb &bl T& 7z, Wago et al. (1976) Tix, ¥~ b Ui, #
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ALTZETVTHRBEICH L TRERITE &L olc & Sh, AFEIZBN TS,
K@@ﬁ]\%?ﬂ/ WX L CREAITR AT, ZOZ b AL Y~

B DRI O FIEE IR EII R D Ll SN, 2, ~—7
%Tw:ﬁbf%xﬁﬁﬁﬁ%%mt;kﬂ%\&%%6%@%&@&%
W% XBIT 2 DICEERER TRV ERHLNIR ST,

F72. Wago et al. (1977) 1%, WFEZE O ATHIEIZ I 5 K A~7 b iz,
WFEAEENTZNZ ERL TS, TaURNENAREMTCEDHZ LiTMbN
TWD A, 320-400nm DITEESMEIR TGS Z — A FF SR H Y (72
& 1% Scott, 1986; ¥AEF, 1988 ; Imafuku ef al., 2002) ., = AU2SMEREDFRINCH
FEH OFERA DN > TV D FIDEE STV (Silberglied, 1979), & Z TA
HEY~ ho Y IOMBEOR R Z, SEIRERT 4 NV FEEE LT VNI
AT Tz LT (Fig. 22D-1), ZOREER, AL v~ F P I OFE, FENO
BERFE R C T R A &SRO K D ZERITFE O HAVT . SRAMEIE AN FE SO
DOFANAEH STV D AIEEMEIFIR N Z E B BT o T2,

ELEATEIONERFIEMAE CRA Y | B S RERITICE S £ TORRIX, R
FEO T PNELLNTE L BRRFICAT AL, Wago et al. (1976) TiX, ¥~ h¥
VIMRKREBEOLRBERD Z LiX ME ST 5 BERERFOLHEL TWD,
AFEIZBWTIE, FrlZRREBEITEI 2175 2 &7 < ZRRIZWZD Z DL
W2 o7~ 2O X9 ITEHRERIL, ¥ 7F 37 (Matsumoto, 1987) oA A4
<% (Pliske, 1975; Wells and Wells, 1992) THEIHILTW 5, AFETIL, M
IR RRITETICREZ T 2T ORI RO -2, RRERITHIC#E
BOELITEN AL, ZANRREZFAQATHDLAEELE X LI,

AfELTBREE A VET VI ORRER T, WEMTRENE Y,
F1 MEER DR E NERIET 5 Z & NI LN 2o T2, FEFMEREIC W T, PR
FOBETHOARTEIZEY . ~T 2O ERZ RO TEIESCAEN RS
NOHBRNH D (F—n7 DLl (Haldane, 1922; Coyne, 1985; Futuyma,
1986), /N> RRT U RIZ X BT 5T a URNCE T 5 S & & F 7o fl A AR
® Fl EETHEOALDBZFHL L, Fa v BIZBWTIMER~T v O R % FF
DD EBZEZ LN TS (BT, 1986), AL b AT VBT 2P I OFfEMASHE
IZBWTYH, MEORENRIE L2 LIXZ0OERITHHTE 2 L& 26N,

BB ICB W CHEISEDR T2 b7 b3 b b 5 FEORRAHA/EM X
Bex IBEREN B D03, ENDNBEIERRNE Z N 255133 X T 18T &
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PR, FEERZ SN TV AR TH S (Groning and Hochkirch 2008 ; &
Afth, 2010), AFED F1EEOwEGE O FiE, FEEOBEA%IREEN H 2 RRE
fAAET D2 L 2R LD, BT ORBEN RSN, £, Y~ by
2 OENDAFENREITENEZ 2T 5 2 LT, REMES O 72 EOBFET MR
T Z B RTREME S R S T,

LLED L D728 2 BORERN L, AFEMEOHEIZXT 2B LO& I X, Hilie
BIfRT 5 Z LA LTz, F7o, AT Y~ P IRE ATV ALET Y IN
OREBATENZZT 5 Z LAY | FFMICAERT 256121, ZhET
WS Z D TR E 2 b T,
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HIEDOMHE

B & AR & OBIRIZZAETH O | 15 EFIPHIZIAV (e.g. Buchner, 1965;
Moran and Telang, 1998; Stouthamer et al., 1990) . 7 7 7 Ao 7 U 72 £ D
i FE W & ORICFERIBEARMR 2 L < AR b WiLX, (72 & 213, Ishikawa
et al., 1989 ; Inoue, 2000 72 &), —HF CHAMAZEIME L WD (72 & 2.
Bovien, 1937 72 &), Wolbachia J&g DHAFME X, a 72T A7 7 U 7HIZE
L (O'Neill et al., 1992; Werren et al., 1995), % & O FIILAE 2 4 7 ONERILA
B TH D, Wolbachia 13 3 F 728 R #MITIA < 4 L (Werren et al., 1995;
Werren, 1997) . fioE RFf1& (Hoffmann et al., 1990; Turelli and Hoffmann,
1995; Poinsot et al., 2003) . pEMEM: B Z/E5H (Stouthamer et al., 1990; Weeks and
Breeuwer, 2001) . EI=HIKEO (L (Rigaud et al., 1991; Hiroki et al., 2002; Negri
etal., 2008) . % L (Hurst et al., 1999; Fialho and Stevens, 2000) . 78 & D %4k
IRBEIERIE AT O 2 L T BTV D, Wolbachia & 15 EOELIZBERRAIIC S 52
INTEY, —EICHIE S DIRRERT D700, TR MRS &
W& ) MZES>THATHD EEZ BN TS (Werren et al., 1988)

VT, ANFE N KR [EIFRZeHE & 2 O JE0 CTH B DHERR 2 4u72 55 (Minohara et al.,
2007; Ishii et al., 2008) . [FI# CEREE SN EARDETERIC L O | A ME
L0272 DERINHRE S 3172 (Minohara et al., 2007), %+ Z CARZEH 1 HiC
(T, BAREND 14 7 Fr LEE O 2 7 B DR R 23858 L, Wolbachia &5
CF OB, M7 E A2 L7 (Sakamoto et al., 2011), 8% Wolbachia D
& RMOPFEITIL, BECHREEER S, BTMERE IR 5 Z &7 8
O, BIEFHEITAHOWOILTWD IS, RFZEIZEWT S, BIs T2 5
L7c, SHICH1HOME, AOMEZ BRI T I EDL 2 B L IR
-7z Wolbachia \ZJE&Gs LT HEEIRDN S | BOEEDRHERRORRHR E 7 7 L — Mk
MAELNTD, 3 2 @iCixENSOSNHRAMESE B L, HHEFHE L

(Sakamoto et al., 2010), % 3 i CTix, YR O B2 D EEOR A S T
RELEBRAZITV, SMeFE, HHEZPFHE L, FBI3FHOEENSG, TS A7 D
BB & RNICI T 5 wEmeTn2 &6 Wolbachia D73 BE 9~ 5 Al EMED
boToT=, 4 FHiTlX Wolbachia % % £ & PCRIZ X > THA& L7z,
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18T MEHERE & Wolbachia J&Y:

PREEHN L H4E A

PRAEM EBRERIILI T oM@ Y (Table 3-1-1), HAREMNTIX, 2007 49 A 9
H,9H28H, 10 H20H, 10 A21 H, 11 A3 H, 11 A4 H, 2011 49 H
17 HIZBER T (4 » Fr, BAE 1~4), 2011 4 10 A 23 HIZHEH (1 4 Ff,
HER) . 2004429 A, 10 A, 11 A, 200646 A, 8 A, 10 A, 2007 44 H 28
H.7H5H, 10 H22H, 11 H7H, 200946 H15H, 7 A28 H, 8 H27
H. 2010 4 8 A 11 HiZEsiss G » g, ra-1~5), 2012 47 A 31 HIZWY
E# 5 (1 4P, ME), 2001 46 A 27 H, 201049 A 8 H., 2011 4 11 A 12
B, Julis 3B »fr, Jull 1~3), 314 »Fr&, 201248 H 20 H, 8 A 23
FICEEE 2 » 7T, #E-1~2) OARFEMERESR R 284E L7 (Fig. 1-1-1), % 2
BECARERZRLIZE AL ET Y2 O 2 EIRICOWTH RN LT,

Ui ik
Wolbachia &G DA 4 L Z D R HE DEHIRE
(1) DNA filith

FAERTED DEREE L7 MERER R D g dr i . A, R 2 Rk & LT
DNeasy Tissue Kit (Qiagen) # HV T4 DNA ZHhiH L7,

(2) PCR (Polymerase Chain Reaction : R U A 7 —EB# L)

i S 7= 4 DNA & #55 & L C, Wolbachia DT A < ICB 53 2 85 1
Wolbachia surface protein (wsp) & il & ¥H O M a3 ZIZFE 59 5 8z 7
Filamenting temperature-sensitive mutant Z (ftsZ) ®—#% Ex Taq DNA
Polymerase (Takara), ¥Tag DNA Polymerase (Toyobo). Tag DNA Polymerase

(Finnzymes) %7213 KOD Dash (Toyobo) % v 7z PCR V& THiMRE L7z, wsp
flk > PCR 121375 A ~—81F, 691R (Braig et al. 1998) % . fisZ filkiz~ 5
A ~ —ftsZBf. ftsZBr (Werren et al., 1995) =% 7-1% FTSZFT2. FTSZRTB2

(Wenseleers et al., 1998) A 7=, 7T A ~—I1X\ T4 H Wolbachia Digfs 1%
FRRAIZHIE T 5 L O ICRE ST D, 77 A ~—DOHIERSNILL T D@ Y

81F 5 -TGGTCCAATAAGTGATGAAGAAAC-3’
691R 5 -AAAAATTAAACGCTACTCCA-3'
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ftsZBf 5" -CCGATGCTCAAGCGTTAGAG-3’
ftsZBr 5" -CCACTTAACTCTTTCGTTTG -3’

FtsZF12 5'-GAAGGTGTGCGACGTATGCG-3'
FtsZRTB2  5-ACTCTITCGTTTGTTTGCTCAGTTG-3'

PCR IV —~ /L% A 77— (C1000™, BIO-RAD) Z= M\, LLFORE, ¥
JIVTIT o T,

wsp 94.0C : 308 111
94.0C : 30 ¥, 55.0C : 30 #, 75.0C : 2 %3 40 [=]
720C : 243 115

ftsZ 94.0C : 543 1[A194°C,
94.0C : 30 ¥, 60.0C : 143, 72.0C : 2%y 45 [A]
72.0C : 2453

PCR FEMD—E % . 1% T Hua—A L% T 1IxTAE N 7 7 1T 25 43[H]
(100V) EBEXIKENZITV, WKEVED SNV E2TF Uy AT an~A KTt L, N
v FOHEIZ X - THRMEIROEE 2 /MR LT,

(3) PCR FE#DREHR
HiE L 7= PCR PE#)1E AMPURE magnetic bead system (Agencourt) % T
LT,

@) FA 7N —I TR
&8 L 7= PCR #E# % ABI PRISE® BigDye® Terminator v3.1 Cycle sequencing
kit (Applied Biosystems) Z MW THA 7 Vv —7 2 A ziTo0z, A 70
V=7 T ANFRIR O Y —~ vt 7 F— (PC-802 ; ASTEC) % iz,
AT N =7 2 ADBEREFATO®@ED
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96.0C : 14> 117
96.0°C : 10 ¥, 50.0°C : 5 #. 60.0°C : 2 43 30 # 40 [H]

(5) FA TN =T 2 RAFEYORFHRE — T 2R

YA I N —0 = ZFEY A Clean SEQ (Agencourt) % HUWTHRIE L 7%,
DNA ¥ — 7 =% —ABI PRISE® 3100 Genetic Analizer (Applied Biosystems)
ERWEAA VY b= AL K o THRARSI Z0E LT,

53 1SR DFRMT

AR OEDNTCHERESINIINZ T, ZAE TOMIETH LTV DHIFEIZ
JB%Y%9" % Wolbachia DY FEREY % Genbank £ ¥ 51 L CLUSTAL X (Thompson
etal, 1997) ZHWTT T4 AL N&fToT0, 774 Ay Ma{Tofildlz b &
|Z. PAUP* 4.0b10 (Swofford, 2002) Z 5/ L T, A% 2 Z%i% (Kimura, 1980)
THIIEL7= NJ #% (Saitou and Nei, 1987) T & » T/7 a7 Rk & 7Bk L
776

CRSES A

PRAE UTo MRl ok 7o 13RO IE & ASBRL ST B S m Yy A 7 ko id kA
AUIVAr Y ELEATHRINLE, GOoNINIESAST ONTEFIMY L &
Hiz, FEIFA Z L/ NER 7T AF > 7 % — L (Becton Dickinson £1: ;
EAE 50 mm, &S 9 mm) (o) TERBE AT/, SHROEHE, 2 i E TIEY
RY ATV EFTEA IV IV A VOAEELZELLN—FHE2 5272, 3 llh
BRid, A 27 # F-II (HARRELRMAR) (CF MM OB R e EEL T
30%BEE L, s L7 N LR Z 52 CTEE Lz, £z, EIRLIMEETO
HIFIE, 25°Co 16L-8D (WM 16 el WEH 8 KfH]) TEIH L, 77— RNI&
DS PR ARG LTz, YRIPHEIER OO EE N b 2l LTz, £ Off
OERTFITETE 1 2=, F 1 8@ RRIAT 72, T TOMEHENTIZIE SPSS
version 15.0 for Windows (SPSS Inc) . % 721% R 2.8.1 software (R Development
Core Team) ZfEM L7z,

gl

PAMBENRE 7 a~TF Y
BAEMEIZ fEE LT 1 HEIEZ5% Y a A2 HES 4 HEIX020% w/v
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TRIHA 7Y U EET 5% DY a BEEIR, 5 B B LAREIX 5% > = BERiR & 5- 2
Ty A7 H2HWTERIF L., 50 72INTENR & FRERICET L, JPo S5
b=, ShibD TR, b otEEisk L7z, £72. 1 HHBEIIO L 5
H BERINCARE O 7 1A 54 DNA ZHhH L. AR X 912 wsp 8% PCR
ETCHE L., Ny RO HEIC X - T Wolbachia OB BEZTHE L=, EHIT,
3o TR OB R MEZRET D721, 27 B RO -1 HEARRR R A fifH L
Pera~F o288 LT, hra~F Uik, PBS Ny 7y NTEH» O~ E
—XEEZWOM L, 1M TR (FilE: A% 7 —/=1:3) 1230 P/
B CHEE L%, AT7A4 RH T RCEETRDRIN ) TIRERBSET,
BRI A L&A TR g L, I N—=T TR %TF, LOSSTFIT
SR IEMSSE (E400, Nikon) % W CHIZ LT,

IS
3 2t D Wolbachia O Ji&YLAa

wsp FEIR % HANE L7245 5 BIER-1 T 20% (n=10) . BIH-2 T1E 100% (n=5) .
BI-3 TiE 100% (n=1), PAH-4 TIiL86% (n=7). T TIL50% (n=2). Ur#k
-1 TIE76% (n=95). -3 TiL81% (n=21). Jul-2 TIL71% (n=7). JuLIN
-350% (n=1) OEREEMERD S Wolbachia 3 Suiziy, 52 (n=14) . i
-4 (n=33), #-5 (n=5), WE (n=10). JLM-1 (n=1) TIL0% TH -7, wsp
TR CI, 2 FHOBLY23G B, WAL T 7 A ~—BA 2RV CTEnEi,
555, 558 Hi % T & - 7= (DDBJ/EMBL/Genbank 7 2 & > 3 No.: AB512756,
AB512757) (Fig. 3-1-1), ftsZ fEITIE, RNHEE /ARSI 2 B 7z 621 bp %
AW TES ZE L. 3 FIEOBSI RS S v/ (DDBJ/EMBL/Genbank 7 7
v a2 No. : AB512758, AB512759, A%#xk) (Fig. 3-1-2), wsp & ftsZ FHIK
DOHEFERHNE W7o R . 3 OSBRIz, B AT ET V¥ T,
2 B 1 ER DS Wolbachia (/&G L CEBY . Bk 3 Rk & 13 R 22 TH
HZEDB BN,

3 F#t D Wolbachia [ DZEF1T wsp S TIEL 91 HH: (16%) . ftsZ I Tl
14 HH 2%) Tholz, k-1 &L KT 2 ZHD Wolbachia (ZfEY 1L T
D . ENFNORRGLEIROEIETE., wEmeTnl: 61%. wEmeTn2: 15% (n=95) .
-2 Tl wEmeTnl: 71%. wEmeTn2: 10% (n=21) Toh -7-, &I TIX
wEmeTnl: 0%. wEmeTn2: 38% (n=13) T& -7= (Table 3-1-2), B4 THeEE
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U 72 HEER > 5 1% wEmMeTn2 13 S e o 7=, F£72. 2 R#i D Wolbachia (Z
[RIRFIZJE G L CW BRI R s e o 7,

ML FL R & Wolbachia J&Yx & o B

T #-1 OBIMEN LGS RO SR EMEDOEIA %R L7- (Table
3-1-3), wEmeTn2 J&Gulfi b5 b= 7 v— ROSMEE (FRAE) 1% 47% T
Ho 7D, wEmeTnl YLl & IR TIIZE 4 90, 88% T, wEmeTn2
YLD SMEFEIX, wEmeTnl & FEFEGEIZHEXTHEIZIK) > 7 (Table 3-1-4),
wEmeTn2 YLl 13 A 11 B 615 b v F AR R CTHEIZ 72 5 7223,
2 fEfE (RS S123, T241) »oH o FHAND, HEOBD A X
— 2 EAET D17 EERIUE LI, 1 EE A ERIHERETH o7z, F=, [FkE
2, MRk EA L, 77 L— MEKBRTHE LR 2 BRGSO,
wEmeTnl &Y (n=24) &IFEGLHE (n=12) TIT AT E <P~
FRRO LT, MEHREE S RN o7 (p<0.05, ZHHBE), wEmeTn2 f&
BeOMERR T, wEmeTnl & IEREPRIZHETHEICHED -7 (Table 3-1-4), BAH
-1, B2, BEH-3 TR G172 wEmeTn2 EYLME D+ AR SR ZME L,
EEARIT T _CHECTH - 72, BIHE-1 D Wolbachia FEREGD 1 8D S 1T HEZ AR
S 7o ARG B v Te, & OMOEEEETIX, MR XA 5 78 h - 72 (Table
3-1-5),

PUEMBENE L 7 o~ F Y

wEmeTn2 (Z/EYL L7 1 ko 1 B BEII5 12 B BRI E CofoHI &
ESMEEEZRIFA Z L2 F LD THEGF L7z (Table3-1-6), 1 HHEIIOH 4 H
HERIR O F AR D1 S0 ZR1T 57%, MEDFEIE1E 100% (n=28) Th -7
2. 6 HESIIAG 12 B AEIFO FHAR O SER1E 100% ., MO FEEIE
(X 60% (n=50) T&H-o7= (Fig. 3-1-3), F£7o. FIARND Wolbachia &G-S\
THELZEZ A, 1 HERIFOFHAR (1 E4K) 13 Wolbachia \ZJ&Hs L Ty
72725, 5 H HERINLIBEO AR (HE 1 (AR, ME 1 {EA) 1%, Wolbachia \ZJ&Y: L
TWRdo Te, BWOEIEHHIME & HIlr S A7z 18 fEIR, JE &Rl S vz 9 @ik o
YNV —FEOMINLRE LT 2 A, TRTOMTHE e~ TF BB S
Tehy, HETITBE I h o7 (Fig. 3-1-4) (Table 3-1-7),
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F28 MEEYA 7 EK

7ok

2005 4F 6 A & 2009 A 4 A 2T #E-1 CTHAE L7 14 A 15 S a7 AR
FEIEE 1EO [FHEER] OFEERERICETE Ui, AREFH1HiCREE L
@D Wolbachia &% z2 b vz wEmeTn2 JEGME D F-H#ARD 5 B WITHED K 5 7¢
tBE a2 LB, PUREED 17 R, 7 7 L— M THT L7 fERAS 2
ARG ONTZ, 22T, 2O OEEOINHBIZRE, KRR, W Adrgs DBl
AT o Tz, HERD T2, 2005, 2009 FITHEE S 4172 wEmeTnl &Y (n=5) |
wEmeTn2 J& Yt (n=6). Wolbachia FIEEYME (n=3) 7D & S HARZ R
L7z, AR 3 kZEE DT, KECHW - itk Rz 22 15, 34, 12
fER, 77 L—hiiiZzEnZh 1, 7. 2 AR TH-7=, LT LTHH 2R 16
fERIZOWTIX, PBS Ny 7 7 N TR L. MR L ONE O &g &7 =
~F Uk, FERBEMSEE AV TEIZE L7 (Nikon SMZ1500), 3 CiZizig L7z
46 EARIZOWTIE, BEEZ B0 ERY . K 80C D 10%KOH /KEHE T 15 /iR
BL-b L, FERBEMEZHVCTEZ L, L, METHonedTXTo
7 7 L— bl E wEmeTn2 &GN DS SN D X 5 oG 2 H T 5
TR COEEKIZDONTIT o 72, wEmeTnl &Y & Wolbachia FEIEMED S 155
ATz il B AL DU T, BEVES (R U 72 e 2 F N 7=, Wolbachia DG D
A L RO, wsp fEEZ FV, AR 1 HioHE L FERIZIT o 72,

R

wEmeTn2 JEGE D AR THRICHED L 5 e a2 H LTz 19 EIRD R
R UToRER . SN AETRER ICHED R T 5 valva L MEDOFHETH 2 JIES
papilla analis 2 . 547z (Fig 3-2-1), £7-. Z#oDEIRORIHIE, Mo &
DR AE A LTz, L, MDA O R oA 2 T 1 o
ERES, ET2 MEEFA ZEIRICOWT T & L ITHI L7z 8l D Wolbachia
YO E LA, T XTHFa v EFELT wEmeTn2 2L Tz,
wEmeTn2 YD 1A S ITMEE Y A 7 iR S 72723, wEmeTnl &3
RO F RN SIH, EEFA Z7EEITE TSRO LD o7 (Table
3-2-1), F£7-. wEmeTn2 &Yuitf (T241) H LGS AL 9 HIK L TV 1 2
T ERIZONWT, Za~vTF U RtiiTolc b 2A, METIEY v~ F U OBEN
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BESNIOIH LT, VA 7K TIEI v~ F r OREEITE - 72 B
SN otz

B, EIATFEMICBIE LT A 7 8 RO ZREIRDOIZRRIZ DWW T,
Table 3-2-2 {Z/R L, IEH O BAs L e L, LI ISR L7z, IEH A
FEOREE, 9 HIOEEIZ U T8O vinculum &9 2E Z K>, Valva 1ZIEH6
BRI H DR WSEE T & SWEZF D, Socius (37 —FRIZAR->TEY |
falx ISR TR < | Jeimil 2 i > T2 (Fig. 3-2-2f) , IEH 72 ARFEOHEIL
9+10 i kDX EICHE DI papilla analis ZFF 6, S /L5 & =M T
b5 (Fig. 3-2-2d, e), F£7-. KEAFHEIZ lamella (Ef) & FEIEN D FIRO
LRSS0, BHEIZIEE R B RTT 22> TR S 169> 0F
{b. L 7= apophysis posterioris (%21 /17) 238 %,

BoNMEEY A ZEEIL, FIC3 002 =R bhizizh, Thb%
R&E$ % 3 K (S113-1, S123-1, S123-2) DJEREIZ OV TR, £z,
EFYA 7 O 8 fEET 5 EEOAOEFIT, WA REOR A R LT, S113-1
DIERBIFTIEF \TEHET, RIEEZR 2 %D valva & 7D valva 73380 b7z,
Z®D 95 B 1% valva & vinculum FROREEIZENIC R 472 (Fig. 3-2-2a),
$123-2 DHNE A AR D RE ST 1L, MEDOFFHZ R L TRV | 2 X ORFEER valva
BROAEIEDY lamella & papilla analis OFRE L7- & 2 AICENEIER S

(Fig. 3-2-2b), S123-1 |[ZME M ICHEDKFE T % phallus, valva, vinculum, ¥
I IHMED K T db % papilla analis. apophysis posterioris 23 S 4L7- (Fig.
3-2-20).

UbDZ &b, IFiDOMEHE IZvinculum=Pvalvazs E OREOREE A | 51 D9,

10#fil%apophysis posterioris & papilla analis72 & OO 2 A DI H
52 EDHBIINI o Tz, BEDIRE TH SsociuslIMEDER'E Dpapilla analis & FH
FThHO, BB LTND EFZ X BT, HEIZRHEAY 72298 i H ok
tegumen b R SN o Tc, TNHDOZ END, KFEOVEEY A 7 KT,
Hi & ERITENENMSLITVER R RIBEIZE L TV D £ B b,
— 05, S113-1 ZHNTELEARIZI VT, 2 KL ED valva BB S 4172, S113-1
O 8 HifFH I ALE T 5281, FFEZRTZIR L IS valva Th D & HllT L
Too I ARBERICALIE L7228 L2 28I O W TS | AR O MW HE D> & valva
EHIET L7z, WHRINZAFTET 5 vinculum BEOREIEDY vinculum TH 52028 9 >
T BTl 722 o 72,
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% 3 Hi  Wolbachia 5275 0 22 B 25k

bk
BAEMERER - R ERR

wEmeTnl & wEmeTn2 @ 2 52kt D Wolbachia YR & FERGAE R D AZHBL 5
BRiZ. 553 1 H#iCTH O 2T o 7o B REGLER & FRRHE R DRI T 2 s
-1 & RGBS FL S RO E -2 oK E W T T o 72,

201146 H24 H, 6 H25 H, 7H 26 H. 8 H9 H, 201245 H 12 H. 5
H 20 HIZiE#-1 T, 2011 4-8 H 9 H, 20124 6 H 24 HIZir#E-2 T, AFlE
R DERE AT 572 (Table 3-3-1), T280 M HAFHAZE X 9 T2V OKE 1 4
Z R < T RTORELFERIT IS G2 T2 A BHIRGE LIETIT o 72, AR SEER
X, 201147 A 26 H, 8 H26 H, 8 H30 H. 9 A8 H. 9 H14 H, 9 A 28
H., 10H4H, 10H12H, 10 H16H, 10 H18H, 11 H7H, 11 A 13 H,
201246 H24 H, 7 A 28 HIZiT#-1 T, 201148 H29 H, 9 A 12 H., 2012
6 1 24 HIZiae-2 THM L7z (RELFERORSRXIT Appendix Z2/), ~7
U U IR LT EiRIR, RRBTARPICHIRERICE bR, Iva 7R
Y AT ERNTERINLE, 77 L— MR TIE 7213 L7k
PEDHITIE, BARRNADBER & B OTZRED & HIWr L, wEmeTn2 76456
NIZREDBDBERL N2 — 2 2 T DERIC OV TR, JEER A RS LA AR fids
EEIERT L 2T YA 7 EIRDHEE R 2 L7, MERERCHRIT DNA
ZHi L. Wolbachia &G DA L Z ORBEOEINIREEITo7- (5 3 B 1
iz M),

o R

RELFEER DOFE R, wEmeTnl & wEmeTn2 &L Wolbachia & FEREGLRHED
268 Y OMEREDKAE P wEmeTnl Y & wEmeTn1 J& Y (wEmeTnl
XwEmeTnl, PATFEAR) 233 X7 (T _RTHEHE-1XGERE-1, 2B 1T 0&E &
9 TIEVDOZRL) . wEmeTnl X EREGL DS 4 ~7 (TN T H-1XII#-2) |
wEmeTn2 X wEmeTn1 7% 7 X7 (Ia-1 X iré-1:4, M X T #-1:3) . wEmeTn2
TR X FEIRRGLME S 3 T I ae-1 M X1 I - 2, ASHERE X arale-2 1« 1) .
Y & wEmeTnl 28 8 X7 (T#-1XITE¥-1: 6. ITE2XiTE-1:2), FH&
el IRRGL N 4 X7 (OB, IEE-1IXEE-1 - 2, -1 X a2 0 1, ok2x
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-2 0 1) S5z, wEmeTn2 MED AT, T X TSHERNMEN-T-
RN, 14~84% L IX L OE N A LT, FEINH Z & IZMbR 2 i d 5 &, T220
& T241 AL T8 (BN T220 S/t T241 R4k, LLFREAER) 10 7
J— KT, BF a vo iR & & bICSMEBEORMAMDB RGN (2T
#u Fig. 3-3-1, Fig. 3-3-2), PEEH A 7 @KL 10 70— K 7 7 )Lb— R THER
. A7 — RET0~25%DIX 6> 3 b7z (Table 3-3-2), F72,
T220-7 7> 5 (3 #E 2 fEIRSIUE LTz, PEEV A ZERIX, RBLD Wolbachia &Y
WOUZ IR < HBL LT, MEEV A ZEN RO 7 70— RIT2N T, BE
JIR ZEITHEEY A 7R E R THRDLE, 1 TA— FTIFEINRICL 2 243F L
A ETRDD TN 6 7 — RTCIX, FEIF 2 H B £ TITMEE YA 7 EESHELL .
FEIR 3 B B AR HHEL L7~ 7= (Fig. 3-3-1. Fig. 3-3-2), wEmeTn1 X FE/Ex
DAXT DI G, 2T TRWSMEEREZRL, £NEN48, 19% ThoTc, £
AL D FEJE G & wEmeTn1 LD - HEARIX, B DRGE DO T2 )3
59, TRTI0%LLEDSMERE R LTz, & X H 72V OAZHE (T280 1A
[FlE) 121 _T B L, 95 RO FHARRHE LI, SMERIT 74% TH -T2,
SMEAEE DI ERIL 93% & E D> - T2 6 DD 32%DEEA R LI I H TR /2 0 |
e ETH o7, £, MR Y 13727272 (p>0.05, binomial test) .
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A Pt o BHEE Wolbachia % &

ik

wEmeTn2 YL (ARES : T220-9, T241) 7615 A2 IHEEARIZ 5% >
a Bk & 5%, 25°C16L-8D THH L7z, P& 0~9 HEIZHIRT 5 Z LIk
DI S, DNA IR E TEDOE ERF LT, £/, RO, T241 7>
bR ol FHROMEY A7 5 kS T220-7 oAb 2 EIKD
Wolbachia B FEIZOWT H A LT~

(1) DNA #hH

FAERDORITER O A % 30k & LT, DNeasy Tissue Kit (QIAGEN) % f T
4 DNA ZHhit L7=,

(2) E& PCR
fhi 4724 DNA Z 88 & LT, Wolbachia surface protein (wsp) FEID—
#B8% SYBR Premix Ex Taq (Takara) Z72/Z THUNDERBIRD SYBR qPCR Mix

(TOYOBO) % fWCERY 7 /L% A L PCR %475 7=, Wolbachia D E % K
RO DNA OHEE CTHiIET 2 Z & TRl L7, #iEIZAV 58 DNA fElk
(X Ytk EI2dH 5 Elongation factor 1a (EF-1a) %33 E L7, E& PCR HD
7T A ~—i%. Tm 2> 60°C, BLHIEAS 100bp HifZIZ72 D K 9 ITekEH LT,
Wolbachia D77 A ~—i%, T TIZH 3 EFH 1 HITHLMNIR -7 2 RO
Wolbachia @ wsp SO E SN Z b &1 Tn2 Z FFEAHEIE T 2 Tn2-158

( 5-AGGGTTGATGTTGAGGGACTTTAC-3' ) & Tn2-264

(5'-AATCCTGAAAATGCTGCCACACTG-3") %#{Efk L7=, EF-la HDO 7 Z A
~ — ¥ . EFS599 ( 5-ATCTCCGGATGGCACGGYGACAA-3')EFA923
(5'-ACGTTCTTCACGTTGAARCCAA-3") (Normark, 1994) % F\ N CIRIE L 72 A
D EF-la OFEEHI 5, EL162  (5-ACAAAATCGGTGGTATCGGAACG-3)
& EL250 (5-GCTGGGGCAAATACAACAATGG -3') #f{Epk L7z, #&mEik%
Applied Biosystems 7300 Real-Time PCR System % FH\ T, LA FOREE, WA
7 L CHRE LTz,

95.0C : 10 % 1 119]
95.0C : 5F, 60.0C : 31 % 40 [A
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95.0C : 15 % 111l
60.0C : 143 11[m]
95.0C : 15 % 111l

(3) EEDfFAT
BEME, 1 EEOY 7% 10 172, 1/4. 1/8 FwR L7 b O OHEE AR
HYERC L., Ct i (Threshold Cycle) 754 DNA &2 % L7, wsp D
bE & % EF-1a O YEiE & CTH| - 72 T Wolbachia % 2 #EE LT,

fii R
T220-9 O AL ~THETH 72, PLA LD B I & IZ Wolbachia
FE (wsp/EF-1a) 271 v b L, BRRZ RO & Z A, M2 D Wolbachia
DEEITAMARD L EBIRTT 52 EBNHALMNICR -7 (Fig. 3-4-1)
(p<0.05), F7=. MEEWA 7 5{EKD Wolbachia % FEITME & ZER 72 D> 5 T2 B3
I 2 KD Wolbachia #FEIX, i 50 1000 43D 1 LN Th -7z,
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3 EDEL

BB TRAT OFER, ARFEDND 3 S/ZHED Wolbachia D3RR S Liz, ITFDL1
BRAOWFZENT LD . 165 U AR Y — 2 RNA OIS IESWT, Wolbachia 1%
8§ DD A== —7 (A-H) I/ (Casiraghiet al., 2005), €D 9
B, HiEEWY) CHERR S 72 Wolbachia D% IS A—R— T L—TF A & BIZET
HEEZHNTWS (72 21X Werren et al., 1995; van Meer et al., 1999,
Vandekerckhove et al., 1999 72 &), AR D wsp & fisZ EIROBET D |
3 B D Wolbachia |3 A—/X— 7 V—7BIZET H LB 2 bz, wEmeTn2 &
wEmeNy1 @ wsp IO ILAS T r FR Y F a ¥ Acraea encedon, U =
¥ % =2 v LT %% Hypolimnas bolina, % F 3 ¥ Eurema hecabe 3 KL UV # X5 3
U ORI & FERIZ = LT (BELL, Jiggins et al., 1998; Dyson et al., 2002;
Hiroki et al., 2002, 2004) (Fig. 3-1-2) . ftsZ fEICTlX, wEmeTn2 ILZ 5 DO
H1& 05%572 0 wEmeNyl (I 7 FoBR Y FavslavxavhTdF
L —% L7 (Fig. 3-1-3), wEmeNyl ® wsp & ftsZ SEIKOES X, T2 VD
IR BT F® A Y FT DO—FE Phyllonorycter esperella (AJ005887) 77 /3783
N 7R Y JT Parornix devoniella (AJ005888), = 7"/ A A 77 Cnaphalocrocis medinalis
(HQ336508), == F =— v A AT L O—FE Dactylopius sp.\ZJ&4T %
Wolbachia & & —33 25 Z & 3 52272 572, Schilthuizen and Stouthamer

(1998) <° Zhou et al. (1998) 1%, Wolbachia |38 & [ BT 212 H BbH 577,
Wolbachia &8 EDFRMEN LI LT —BLRWVWERNTND, 20 Z &iF R,
TN BT D /KRG DIF(EZ# R~ LT\ 5 (Heath et al.,, 1999), Chai et al.

(2011) &, =7 oA Y FavRyavxa U b T FFITERETD
Wolbachia 13 S £ S F 2 FEITH B S 4L, BN £ K AHIR A 521 Tz
W2 AL TS, AREICEYT 2 wEmeNyl X245 D Wolbachia & [
CESIZ RO Z &b, FN, FERICI T 2 KRG O fTREME S R STz,
MLST i% (Baldo et al., 2006) Z AV AUE, & DICHEFELRHBIFRAI BT 72
HEFZ b,

wEmeTn2 &Y 7 /L— FO—# T, S THMEIC R D IR ERR & 59 50%
DSLRIT/R D ZEDPER SN2 Z £ B, wEmeTn2 23AREIZ B S 5P
B LR PEET L Z NP ONIR T, £, wEmeTn2 JEYLEARIT k4
DPAEYEREREBROR SR, SUAEWEE 52 THo BBERRE2IFZE, Fitfo
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MEOFEIS IR T L. SMERITEM LTz, BoneF RO T X TOM TS 0
ST UBBESNIZN, ETIRBE SN ol BH . ZW DGk AR
MECIIMEZ e~ F oAb D 0N, ZZ OYtRERIOMETCIEEAR R b
VN (Traut and Marec, 1996), 1£7 o~ F U B H 5 NVUTEEOICHE, o
FIVDEAICHEL T L7 & 2 A, REM LB FROMTT X TOMKT
—H L DB R o 7o 1~4 B HERINOMES BARHIIC bMETH - 72 2 &2
5. ECLTWHOEFBEENRETHL LEX DN, LEDZ LD,
wEmeTn2 [ZHIHN HEANEIRANCBOEIZ 72 % THER: L | @ Wolbachia T 2% &%
z b,

L2 L. wEmeTn2 JEYLlED —H#ED 7 — KRBT A 7 A8 50
7o wEmeTn1 &Yl & Wolbachia IEEGLMEN D ITG O N oTc, TD T &)
5. HEEFA 7 OHHIC wEmeTn2 23 BE L TWD EEX biLe, 7 A%
J A A FJ Ostrinia scapulalis (F =2 7 H) TiX, HER LD Wolbachia FEYMEIZHT
EWE RS 2720 . FERYEIRIZ Wolbachia % NZWNZEGSE 5 Z L1tk -
T, —HOMWEYA 738N Z L2 L T\5 (Kageyama et al., 2003 ;
Kageyama and Traut, 2004), € D%, MIREIZEED 2D doublesex Ein+ DIEH
D, BRI ZRIER ML L, BAREI 2R & HERE R - DR — B L 2 WA
HICIZ 72D Z E N BN 78 o 7= (Takafumi et al., 2012) , 7 A% J A A FIT&
Qo9 2 1R U Wolbachia 75T DRENZFFOZ LB ELET H L. KFEOM
WA 7 EEHELO—>D R EENE & L T, Wolbachia FEY=IZ X 0 $R4 AL L
b0, BRI EERERNFOMERER2ITIIA BT ST, LICEDS
o le T ENBZ BT,

Fo, BFa VORI LI LTHD & HEFA 7 KD MBI E
RN 95 Z E B DM/ o7z, PEET A 7 BRI & 27 SME
K& ARREETHE T 5 & ZREREEIGEIZE P> T, Ziuk, B TRE
L7CHETIZ, 3 CIZHLBERmARE L TWeZ LICEKT L &EZ 2 b,
Kageyama et al. (2007) (X, Wolbachia & [FIRRIC A FEAEZITO 2 LB
Spiroplasmal@&OFME (LLF. Spiroplasma) (23T, HAHIEE O E & JER% L
DEA I TIZONT, REREIRE LT\ 5, Spiroplasmad % E A3 B i % &
THIEEEL DI ENTTIZHHINTEY (Anbutsu and Fukatsu, 2003) .
PO BB ET HITE, HEL OF A IV ITRRES ERITRDZ NG,
Spiroplasma7)’ =% FE CIIATEIRIBER: LIC72 0 | AREEE T SR o /R LIc 7
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% EBLEIN TS (Kageyama et al., 2007) , AFEIZIIT 5 HEnO#kmE & YT
A 7 EERO MBS ICREEN H 5 & b7z, Mo A s & i o Wolbachia
EE AR LIRER, Bl AR 21F M O WolbachiaDEFEDNME T35 2
ERAOMNITIR o7, ZhiuE, BRofEE —H LRV, ZOBRETAT
HAREMEE L CIRO K 9 2 BGRB 2 bivsd, =T X Cimex lectularius

(Hosokawa et al., 2010) CiZWolbachia3IREECTRET 5 Z &0, v Wi

(Noda, 1977) T, @ IR AP BE RARIL AR A 3 A B L T 5 723,
WER O IPFLNFEET DU /2 D &0 JRIHAD B TR/ NE DO TFHEITIRA L,
JRNICA DAL Z ERFHNTWA, ZO K D ITHAEME IR ICHE§ 5 M
B, IR TOBENEL RDHHINHONTNDZ b, AREIZEBNTDH,
PUERZ T WolbachiaBNINBIZEHRTH Z R ENEBEZ LN, ZOT=DITERO
Wolbachia% FE DM L72AIReMEDN B 2 BTz, oo w[getE & LT
WolbachiaZB FED R ME L PEE A Z ARSI 2 Z &0, 'Y A 7 D
BUZEEIIBR L TV RN Z ERB 2 bl

AFEOMEY A 7 HEROTEN), BENBENOLERTHE, UTFTOLI 7%
Z R LN o T, R A ZEERIT, IO IE N IZvinculumSPvalva s
EOREOREE R, 5 D9, 10filZapophysis posterioris & papilla analis72 & D
MEDOHEZ AT HBMICH o7, 2D Ln b, REOHEY A 7 T
B & EmlLENENMNATERF R R EIZ L TWnWD EE X b, &
5 IZvinculum| I DO IEM 543k L, valvalZ9fi ORIk Th o L E 2 b T
V% (Kristensen, 2003), 2-2 H ®valva & vinculum23MER S e Z L nn | e
CERIFHDO—EHPNEHE LI LA RBLTWS, LL, —itTlE., valvalds
3 7 H O O% O oW 2 5 7 54 S phallic lobe HIRAE L2 & SH
% (Snodgrass, 1935, Matsuda, 1976), Z Db E%E4 % & phallic lobe??
E%’E L?‘:ﬁf%‘%z’ﬁ% X b7z, Matsuda (1976) 1%, phallic lobe (ZidpenisiZ 7

5y (ARWF7E Cldphallus) & valvall7g 285503 Z 2 H0E 5 REHNICASTIZ A

U5 ERRTND, L7z2- T, valvad phallusBRIFFICBIZE S e oo 2 &
&w@b&hk%z%ﬂtoﬁ%%47@ FEOBEMBED AT =X LI TH
D, T A 7 RE— DB PR TE ETEREIERK D A 1 = X W% B 52
5L“C“7ﬁ§“€“§)5 EBEZDBND, 0. AR TELNTMEET A 7 DIZE A
EN, WNFERIH RV TH L Z T 7 L— MR THT L2 Z
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&L SHITEEBRMZRBIEND, BATRELAMT 2 Z LIIR#ETH L LB X
bz,

AFETH B A7 wEmeTn2 D&Y IIAHR-1 T, wEmeTnl & wEmeNyl @
WYL RIIEAR-4, a1, -3, EETE <. Wolbachia DZNFRAGIREGL & 4E
THEME B G-T 2 vREMEDSE 2 DivTe, FRZ, TOIH (ONH)) ol L] o & A
FTI7AF LTFTOLIRbDICERT S LEshTnD, flE, S xo720
MTHENPEZ S L9 REEOERTIE, X X572V TR E/EH
AR, I OHER L OMEEITEEBENTIEN D LB 2 65 (Hurst et al,
1997), & 9 — DDOHERIL, ITHRR & B 5 Z & TEOEE F OB L% T
HAREMEAZIK TS 52 L THD (Hurst and Majerus, 1993) . wEmeTn2 4
ER DS HERR S VT EREETIX, HERE LD Wolbachia \ZIEG3 5 Z & T, IR
Bo2S[EDEE S A, FEREHMERIC E > THIE TH D AN E X bivle, 72, Ml
BEAMAIZ L 27 FHAES . IR & RYLED D3 BITNW T2 572D BRI
EHINITIER T 5 L BEA BTV DA (72 & 213 Hoffmann et al.,, 1990) . A
DAZFLFEBR ORE R, IEEYuME & wEmeTnl JE&YLHED ZZFL O AL D S b= i
0% E&m< . MIEARAFAEIC X2 FFERIEIATOA T RNEE I BN,
wEmeTnl (ZHREIC Y5 2 & @i © & 2 IMe 72 B PR BRI TRERS S L7
o7, wEmeNyl (2 OWTITARRLFER L &2 5 L TREET 5 2 & 0BT
b5,

wEmeTn1 M & FFERGLEOMEH TIL 2 ~T OFHARTE L <RV SbFEE
RTHLONRH Tz, L, PEHEE TR 5T, Wolbachia JEG:IZ X 5 S
DI T EITB 2TV, £, INOOMAGELEIX, MITTE-1, M
2 DELRDLWEAEFEOZEL T > 7272 EEREEMEIZ L D SMERDIE T TH S
AREME DB R b,

Wolbachia &Y L AL RGF X, Fa VETIE, = RyFRYFay

(Jiggins etal., 1998) . V =2 U % 27 57 %% (Dysonetal,2002), ¥Fa U
FOFZFF a3 U (Hirokiet al,, 2002, 2004) (Zfi< 4 FEHOHEHITH D, F =
TVHICIBWT, AFE TR LN X D 722, 3 %KD Wolbachia |2 L, 2D 5 H
1 RAPERH L THD LV mEFNTRV, S 51T, wEmeTn2 &% Wolbachia
X THER: L) 25l & 23720 Th< eSS 7RO HBIZHBEE LT
LHREMENH D, TNDDZ Linh, AT D Wolbachia Y&, 51T
HHINET VI OFEHEIECEBI SR 2 ET 5 9 X THERESR
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Ehn BN,

b X 5728 3 mOFERNS, AREITEYLT 5 Wolbachia JEGRHKE & BEEE
(HMEARRER TR Y 2D 5 B 1 R D Wolbachia IXIFENIEZ FE 1T S 15 THE
BLUITHD LI, —HOBEEKREMEEY A 27T 52 ERHLMNIR ST,
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FAEDOHES

A O AL, KR ZE R B WV TR Mst:f“ (Hewitt 1996, 2000;
Taberlet et al. 1998) | #IBRAY) 72 53 W05 DEAKIZ L H (b7 v & X DN B RIS
H— R L TE 7= (Avise, 1994, 2000; Nichols and Hewitt, 1994; Schmitt
and Miiller, 2007; Saitoh et al. 2008; Dvorakova et al., 2010; Smidova et al., 2011,
Huckaetal.,2012), 3 VEHIZBWTHL, ZNETIHRELFHNE LB
& DMENT A3 72 ST E 7= (Anthony et al., 2001; Krauss et al., 2004; Schmitt et
al., 2004; Schmitt ef al., 2005), T TIZ, I ET VI BOY R & AW
HICET 20508 T o, AN TEAEFEPNS ONER I TN D0

(Yago et al., 2008) . FEHN T E D & 5 RBIsAEEZ A LT\ D, EORESE
2355 L T2 IZ DWW TEB B N2 o TR,

72, 1970 FR G, MERSEEFEIC B 2 BRI R O BB S
HEIICRoT, MEIRY AV ITHET HEBIERO—D L LT, BTN
Zzx b (Frankel and Soulé, 1981), S YA XD/NE N2 &R0, FENOE
N DOBIRHIZARIEDMENZ & TIERFHBNPE Z VT D (BT O
Brien, 1994 7¢ &), Crnokrak and Roff (1999) (%, ZEESIZ 34 & & Te 151 H
DENY) & AEER TUTHACELIC K D B8 2 T4 L, £ 90% D AEL Tlr 225584 73 iEd
25 Z & EfmiTT T D, @W@ EARHI SRR IE 2 B DT 5
ZEiE, MERY A7 AT ST OICEHETH D,

T a VEIZE T D EEFEOBISRIZEEEOIETIZ. 7 v A1 L (T2 & 20X
Meglecz et al., 1999; Vamdewpestojine et al., 1999; Krauss et al., 2004) , ~ A 7 &
Y7 74 h~—7H»— (Haraper et al., 2003), X F=2> KU 7 DNA (mtDNA)

(Bogdanowicz et al., 1993; Sperling, 1993) . £% DNA (Beltran et al., 2002) , AFLP

(Takami ef al., 2004) 72 ENEATICHWHNTWD, £ ZTARETIE, O
WRES T2 LB Z HILD mtDNA L% DNA O RS % H Clis 17
Wrat1r-o7,

62



7 iE

PREEHN L H4E A

PRAEM EBRERIILI T oM@ Y (Table 4-1-1), HARENTIX, 2007 49 A 9
H,9H28H, 10 H20H, 10 A21 H, 11 A3 H, 11 A4 H, 2011 49 H
17 HIZBER T (4 7 . BI-1~4), 2011 4 10 A 23 HIZH BT (1 4 Ff,
HER) . 2004429 A, 10 A, 11 A, 200646 A, 8 A, 10 A, 2007 44 H 28
H.7H5H, 10 H22H, 11 H7H, 200946 H15H, 7 A28 H, 8 H27
H. 2010 4 8 A 11 HiZE#iss (G » g, ra-1~5), 2012 47 A 31 HIZWY
E# 5 (1 4P, ME), 2001 456 A 27 H, 201049 A 8 H., 2011 411 A 12
B, JUNHLG (B # AT, JWN-1~3), &t 14 »pr &, 20124-8 A 20 H, 8 A 23
HIACHEE (2 7 Fr, #EE-1, 2) CTAMEMRER R ZERE Lz (Fig. 1-1-1),

(1) DNA filith

BARRHED DB UTo MR A v & L TH W, S AR OIS 258

Bl & LT, DNeasy Tissue kit (Qiagen) % T4 DNA Zflith L7z,
(2) PCR (Polymerase Chain Reaction : 7~ U X 7 —®HEH L)

i & 4724 DNA ### L LT, mtDNA AN® NADH dehydrogenase
subunit 5 (ND5) 81k — 830bp & cytochrome oxidase subunit I (COI) 7k
D—HB 658bp. [AIERIZEZ DNA OB AR (Z Yefafk) BIZ/ET S triose
phosphate isomerase (Tpi) D —Hf 356bp %4, Ex Taq DNA Polymerase
(Takara), rTag DNA Polymerase (Toyobo), Tag DNA Polymerase (Finnzymes)
F721% KOD Dash (Toyobo) % v 7= PCR {ETHilE L7-, ND5 fEi&o PCR
21774 ~—V1 (Yagietal,1999). KAIL (&)1, 1998) %, COI fElkd
PCR (21377 A =—LCO1490, HCO2198 (Folmer et al., 1994) ZffiH L7z,
Tpi 81k D PCR 121X 77 A v — (Jiggins et al., 2001) ZffEH L TH O 7o AR
DHFERIN N SHTACT T A ~—2BlFE LIz, 774 ~—OHFERINILLT D
Y,

V1 5-CCTGTTTCTGCTTTAGTTCA-3
KAI1L 5-GTTCTAATATAAGGTATAAATCATAT-3’
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LCO1490 5-GGTCAACAAATCATAAAGATATTGG-3
HCO2198  5-TAAACTTCAGGGTGACCAAAAAATCA-3

TpiziF 5-AGAAAGACGAATTGGTTGCTGA-3'

TpiziR 5-TGGTAATAGGGCTTTAGTCTG-3

PCR IV —~ /L% A 77— (C1000™, BIO-RAD) Z= M\, LLFORE, $A1
JIVTIT o T,

NDb5 940C : 147 11H]
94.0C : 143, 45.0C : 143, 720C : 243 30 [=]
CcOoI 94.0C : 247 11[H]

94.0C : 15 %, 52.0C : 30 f», 72.0C : 1% 40 [=]
720C : 543 11q]

Tpi 95.0C : 14> 1
95.0°C : 14y, 54.0°C : 14y, 720C : 30% 35
72.0°C : 54y 1]

PCR FEMD—E % . 1% T Hua—A L% T 1IxTAE /N 7 7 71T 25 47[H]
(100V) EBEXIKENZITV, WKEVED SNV E2TF oy AT an~A KTt L, N
v FOHBIC X - THREROHEE % /MR LT,

(3) PCR PEEMI D5
HibE L 72 PCR PE#IZ AMPure magnetic bead system (Agencourt) % HTH;
LT,

@) FA I N—s TR
&8 L 7= PCR #E# % ABI PRISE® BigDye® Terminator v3.1 Cycle sequencing

kit (Applied Biosystems) Z MW THA 7V —T 2 A %dTolc, A 70
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—7 T AZIEER O —< LY A 7 Z — (C1000™, BIO-RAD) % 7-,
YA TN — 7 T ZADIRJEHREIZLLTOHEY

96.0°C : 14y 1[A]
96.0°C : 10 £, 50.0°C : 5, 60.0°C : 24330 % 40 [a]

(5) VAT Ny =0 2 AEYORTE > — 2 = R

YA TN —0 2 RFEY % Clean SEQ (Agencourt) % AW TR L 7214,
DNA ¥ — 7 =% —ABI PRISE® 3100 Genetic Analizer (Applied Biosystems)
ERWAA LY b= = AT K o THRERS 2 E LTz,

53 SR DREHT

ARFED DA BT ELELS % CLUSTALX (Thompson et al., 1997) % F T
7 T4 A NE{TV, PAUP* 4.0b10 (Swofford, 2002) #fff L C. fAIEIC
Ko TnTa & A TR 2 1ERR LT, oLk OHEZE L, Modeltest3.7 (Posada
and Crandall. 1998) % W\ CHEERI L EEHREIZ LV | Foi ey FE(LET L
IR L TITo 72,

NT LA TERRSE - BERRAT
BIZERMEZ R THEIE L LT T e ¥ A 7L (haplotype diversity; h)
(3035 Nei, 1973) ¥ L O HEZAEE (nucleotide diversity; ) (3.4 ; Nei and
Li, 1979) % . ARLEQUIN ver. 3.5 (Excoffier and Lischer, 2010) % TR

72,
n k
NT 0 A TERE (h)=n_1<1—zl:pi2> (3 3)
q
BIESHIE (1) = ) xogdy (X 4)

i
n: LHNOXLBUR - OfER, k BHNDO AT 0 2 A TH p R ONT v 2 A THE
xi ;0 RHINICEIT D i, j B H Ox LR O PRI E OHEEH
dyj: i FH & jEBORLRETHTO 194 M7z Y OB RS OHEE

65



T NTaEALTEEEE () 1Z0~10fEE LD, 1I12ESL T ELEE
JENEWN T & ZRTHIE T, WEZEE (1) 13 2 DOEERSIM TR D1
OB G RTEOEHETH D,

EAREER OB R EREZ I 52T 572010, BEEREEEZ 1 >OEIR
HE L {E L. ARLEQUIN ver. 3.5 (Excoffier and Lischer, 2010) % H\»T
AMOVA (analysis of molecular variance; Excoffier et al., 1992) (2 X % fift 247
W, Fse 2B LTz, ZRENO5%EM b BEZ IR S vz 2 SORUETH
OFHEATC, HEMAOBEHMEORELRTEMETH L (Wright, 1951), AHF
JECIX. Wright (1951) M#EB L ERXALLB L72b DT, BREMIZH
T ATRE & S5 Nei (1987) DEFEA (5) 12KV FezRH LT,

Fsp = (hr — hs) / At (=05)

Z 2T, b3 EHERORAT v 2, hal I EHNDO~T 124 K D)
FHETd 2, FsrlX0~1DfEZ & 0 1ITIHWVIE EBIRHIIC R D & 5 (Wright,
1951),

(IS

HAREWNIZE T 5 5L 14 7 s DEE S ALz fERER B o> ND5 88 5 1,
832 ki 4 HREICERNA O, 4 HEO T 0 XA THRHERINT
(Genbank: AB714583-AB714594), COI fEI&/» 5 1%, 658 Hifkrh 3 HE ko 48
MBIV, A TEONT 1 2 A TH R S iz (Genbank: AB714595-AB714606
KEgEH V), Eiko 2 >OfEEEEDEDL L, AET 6 MEHONT XA
(I-VD) (24 bz (Fig. 4-1) (Table 4-2), Fig. 42 (X mtDNA N7’ m & A 7
EHNCR Y hU—IBEBR L, ~NTud A TEEBEETEY ST L0
Thb, TE-1N3~"TaxA47 (LILIV) Ehob b %<, T#3 (1,1V),
a2 (LI, T#-4 (D, BE4 (D 55 (D, WUE (D, Jul-1 av) Ju
-2 AV) . JW-3 AV) TR AAT B XA T IT0nTF i bir#-1 obL o LIt
WThHo7 (Table 4-3), BHH-1, BIR-2, BH#-3 (IID &+ (V. V) TH
b7 v Z A4 7L, MOWNTHOBEKEEE @D b DITFRD b o
7o MOMEERETIZA DR 5T, WRZEEEIL 0.001 LLFThote, Tk
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G TIE, o NTa X A4 TR BT, -1 -3 TIXIV (EnE
66, 87%) . T2 TIXIL (91%) . &4 TiINTmZ A 71 (100%) 234
MNTELS L, ~"Ta ¥ A TORERIIEEREC K-> TR > T,

—J5. 103 [EIROMED Tpi F8IK A &1 355-360 X EN G DL, 6 T r XA
T HERE S 4L7c (Table 4-4), i AR KA BRUN = 355 HEHIC DWW T 4T m & A
7 (A-D) OR#MfENT %247 -7 (Genbank: AB714607-AB714624) (Fig. 4-3),
FRARKIT AR L 1HED 2 7 FTIZRRO B, TN b%Z 5/ A DER L B
LT uadA 7%y NU—=7aWETLE, 6 "7 udA7 (A-F) MR
Sitz, Fig. 4-4 (3 DNA T 10X A T EXEAEBE TR DT 2D Th S,
-4 N4 7247 (A, B, CL E) EboL 5%, fitl\ T, BIH-1.
BAE-2 (A, D, F), #I#-1, -3 (A, B), &2 (A, O, BE-3 (D),
-4 (D), 9% (D) TH o7~ (Tabled-5), "7 XA 7B, ClIirgs U
EH# T, ~"TaZ A7 D, FIXERE P T, "7 e & A7 E T4
TOHRR N, TG TIX, o7 ae 24 7R LOD, Tk
-1 LT3 TIEAT R E A T AB (WTTILE 100%) . TEE-4 TIE B (53%) .
PT#-2 TIEC (90%) BEMANTES L, ~T'm ¥ A 7 ORI ERC X
S>THEp > T, 8E TR S mtDNA 71 & A 7% 2 ffE (VIL, VII)
T, WS AKRENOS D &38R 57228, B DNA 1T X CEEH# T TR
bifenTuZ 47D E—HLT,
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LM OMMUITBE FIREN A S b 7= LR O bIiXFEOBE) - /3 HEE

TIREME OMREE O ICER#E T 5 & TSN TR Y, FEOBZITBBT:
ZNHDOTRAESFF L TWD (Hastings and Harrison, 1994; Harmrick and
Godt, 1996), > 7 VHED 10 BL EdH D 6 EAREIZI VT, mtDNA &£ DNA
? AMOVA fif#T D5 S BARFER] CRABMIIEEN R 5 Z LB LM/ o7z
QMwm)H&m+nnoik\iﬁ@6@¢ﬁ’xwf mtDNA &1 DNA
DT T A X FsrfRMr 24T o Tofi e, a1 Lara-3, iraé-4 L HER AR <
T RTOEERER CEEI NS H 7z (Table 4-D-2), mtDNA DT #-3
E -4  CIRERIICE R D Z LD RINTH DD, ﬁDNA?i%h#r
S7einolz, L, IE#-4 OHRT, ~"Tad A7 EPERINTZTZD
%4@%6&&@%énfwé@¢ﬁf%é_&ﬁménkﬁﬁ%L%ﬁa\
BAH-3 Tl a XA 7 I ORPHERS Z o OEEEE T, BIEM
LN D B2 ho Tz, BEEOE DNA ~7'a % A FI3BR T THA LD
HLDOLE—H LT, mtDNA N7 ¥ A FIT X TER 72720, Bin 800
FrneEZX O, EDZ Lt AROBKRHM T, BEmaobn e
CTWD EHERI S 4L, ARFRIIBEIMEMERW 2 &R ST,

AKFED ND5 fEIE O IEST — Z 12Nz T, AAZ#ORFEROE LT —
% % Genbank 7055 L, b L72HER. Yago et al. (2008) Ti&, AHFFET
MR & 7= ND5 fEIRICHB 1T D 4 T a4 Iz T, Bhbd 1T asA
TRMER SN T W=, ToNTad A 7oREMT, BERERTH-T-, £2FH
%uﬁf%\L&J@A7D547ﬁ#%0k%§<T\A7D547H1i
BT EA Th o7,

MR S, B, R, BRR o 38 o 55, 32 flidifl
WDIBEND 72N ITERE & LN TEEPIZERIEDNMERWN 2 E RSN/ > T
% (Frankham, 1995b), > F = 7D mtDNA OZERMEIL, T HHF7 7
Papilio memonon T 9 >DONT & A7 (FRE, 2005), KIMNZAERT L=t
7177 Erebia niphonica T 11 /~7"m % A 7 (ND5 + COIL: 942 bp) (143, 2006)
MHER I T WD, Fio, # DNA Ot 6id, KRINTIEL 53 mT 5% 2 %
Fa U O Tpi fEiK (457 bp) T29 DT X A TRHER I TS (Narita et
al., 2006), ZiLHOF] & AFEOBSIZERIEZ T 5 & RFEIZR b7
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Ta A TEIIDIRNZ ERALNI o T, AREOBFAFHESCEFE TR, L
FUIERCERERER RSN 2 ERH S (Bl iX, F4F, 2007 ; K&, 2008
708, WMOBHUL EOREIZEZE L, Bl FOER L 3% 2 54 (Carroll et al.,
1994; Hiyama et al., 2012) . S H CTREAFENBA L TNL 2 nbEX 5 &, T
REAROEBEO—oLEZ b, UEDZ L0n | AREITEEBHISEMEME
T LTWARREMENE 2 b7,

-1 TIE6>ONTa XA TDHE IONRERIN, KAEOFTIE, H-o
&L mtDNA NT B X A TEIFL o720, DNA O a XA 7Tk, iIF
AN bo L MEREINTZTZD, % DNA & mtDNA OB OH
T H 72 D ATREME DN RIR S 7=, mtDNA (FHIfRE Y ) LA THLH DT, AFED
R ORFERE XTS5 EE X H5, mtDNA &% DNA [ TERIZEE
PEDAHRINFE2 D Z 026, BIASFIRENIMEZEN B 5 ATREME N B 2 bz,

ULED X 5708 4 BORERND | AEOBBIZHEMEITR, iRAER#D
AT ZRS TRCTOMEEBEER T a ¥ A THEENRR VD | BIEREED A
R bz,
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i AR

o1 BT, AR CHF RIS R 5 Z LA L NI R T,
2T, PEIMEIEZ S 4 ECHR OB TR, 5552 LTz, Table D-1 133
YaZYJEL spp. &Y A7 O ZFIR-ERIZEB T L EINEIFEZ I~ =
YRUTEEDNA TR A A TRHICE LD LD THSH, mDNA 71X
A T EEINRIHEDORARZ A THD L. ~"Trd A T IIZONTE, §3T
Yary e Lz, N a2 71 1L IV TR, BB D a2 S ER
HIER STz, [AERIZ, B DNA ~7'a & A 7 L EEIISRAEOBRZ LT b
Lo nTudAT CTYrY AT F2BET HERPA LR >TZb DD,
NTuagA7 A, B, D T, EHLLEEGFTLMEL RO, -1 O
DNA Tl . 27 a2 A TR LN TNDN, £ ORGEORE TN T v & A
THITEN 2D 72 (Fisher’s exact test, p<0.05), IT#-1 O mtDNA 7' %
A 7L 3 DO DIIZA, EINEED T — X GO NIZDIX IV OHT
boleledO, NTuZATHORBIITERPoTz, ZThHDZ E0n, —f
DAT TS A T TIE, EINBIEIRY BT bD D, T r A7 Lk
PECHARE 72 BRI R S L9, EEINE M 2 B s S bR 512
FoThole, RDOFEFICHOWTH, R TRARD Z ERH LNk
ey, BT R DWEREY A ZOEWEZHIAT 52T+ Th o7,
Z 2T, AR D FEMYH N 2 508 OKE L G TER LI, @
Mt (1984) 1%, I vardaipfbfis B2, AP TNANXY 7oa~<wy ¥
EARDOEEL LTV, Y a7V ORERICAENBA LIz L ~Tw
Do YNAXVUDOHMGEEIZIH D DD, MEITHMIET HZ Lnb, ¥AHAXY
U DHEFH L TN L 1TE AT <, =Y T F Indigofera bungeana (ZB L
Tid, FIHREEIZH 2 b ODOBEARTORAITHMON TRV Linb, Thb
DO HZRM L TERT L2DIIRNEETIT AW EEZEX b, V~va vy
Medicago polymorpha, = A7 7~ 3 M. lupulina THRIHFEERD B 5 D3,
[FERDBEH TEREE L LTRSS T RNEEZEZXBND, IPa s o
WL, AN (1943, 1978) 23SERNICIRAL LITAED CTIIZRW A LIRHFHL TV D
D, FEFEIT <, BETHIZEALEDEBHN I Y2 7 IEFL TnDH T &
MH, AEFIFECIVasdZ2RHALTEEBZ26N, RIZ, Iva s
IFAERE T, PERFREIBRICARMRA LTz & T 70U, L% 3,000 FEMNICA
I M ZIER LT Z LT DD, BEONT 1 Z A4 TR T LIZEA TH
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HZEETELEELZBETDEFETLHO, ZOFITFFTE RN, &
7Y A7 YL, 1846 FDILFHINC T 7 ARG DFEOME L TT LEITRE -
THFAER L, BHARRHMRCARRIC, BOREORIEZ: & & L TARISIIZImA S 11D
Il hoiRbiEmTH D L SN TWD (&, 1856 ; KM, 1972 ; iE3,

1993) .84 3 7 ¥ a 7O TIE ERFIZE L TEEHH 5 H DD, 1940
FEALUBRICHD TRl S L, 2RIk Th 5 & ST 2 (JE7K, 2003),

WTROMERHICB N TH YR Y A 7310 I v a sk 28I ENE<
a2 7Y ERRATE AEERBIIROA T, ZhbDZ b, Iva
ZiEEkE Y BAET Y T, AREITEICI Y SV EFA L TOER, v
7Y A7 Y ORbig, T O EFIHT D EENBIL, FEOILRBAELTZ L
Exbnl, A3 vIvasHiEIvyasVyoRBRETHD LS, (B -
ARESEIN 7o BRRE S D7 I a VP ERBRICRIH CTE S A EEER B X DD,

YA

F2ETIE, AT AV ET VU INLOBM TR EZ T 52 ENHL
72572, Kuno (1992) 1E, 2 FEOAY N EARERE CHEI/ERT2ET L
ARE L, 2 MOSMIBPIER L RIS S 7256121, — 05 ERT %
ZEHRL, AEUTER D Z L7 MRz tk > &L 2 HEE LT,
Zizina BICB T D=2 —U—F 2 READ Z oxleyi 78, NARITBAINT Z
otis labradus |2 X o> THMB AR 2 IR A S, MEEOEEICH L T\ 553
(Yago et al., 2008) , ZHLZ&#iH$ 25— DD & L CEIET WO ATRENEN B 2
BT, ZOZENDL, BEAVLET VYR L OB, AREOSMICH
WA 5 2 D AREMENE X DAL, FMRIICARE O LB R O—2 L 72 0 15
5T EBHEESND,

Wolbachia 7> ARFEDBARHIREIE 1T 5 % 5 5228

55 3 #TIX, Wolbachia BEY Rt & BEIIEARHC L - TR 2D 5B 1
REDAFRIZHRT LT THERE L) & MEEN D A5 E L — DR Z TS A &
b5 Z LW LNTR ST, £ 2T, Wolbachia \Z X 5 AFD mtDNA &£
DNA (Z%IF 2 BRI OWNWTELE LTz, ITO7=DIi2ix, TCS* version
1.21 (Clement et al., 2000) Z 7T a X A4 F x> T — 7 B2 1ERL LT,
mtDNA & Wolbachia &4 & OFfREZ Ry N =7 TR LIZLE Z S,
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LN A 7
Mes =1 %‘/ S

..l

wEmeTnl [EZEA D mtDNA 71 % A 7L IV, wEmeTn2 EGE{RD /N7
72X A 731 IO T OWThh, wEmeNyl BYEEIINT 22 A 7T £7213
V OWTNITh o722 &b Wolbachia Y4548 & mtDNA N7 1 & A 7%
B L CWwa &R b (FigD-1), —J . #% DNA Oxy FU— 7§ &
Wolbachia JE&HRAN T IAME 2 RIS BEFR 1T 72 > > 72 (Fig.D-2) . Johnstone
and Hurst (1996) 1%, BEAERTF A2 2 VT, JER L O Wolbachia |2
e U7-E OGS E DS FEREGOME L v @ EGE L72GAIC. EFWNCTHER L O
Wolbachia (ZJ&Y U 7= EIA D mtDNA N7 1 % A 7 OEIEBEN L, mtDNA O
RN T2 L 2R LTc, IRMICE L 9TV THEPEZ 207
RUARYF a vlZBWT, MR T 5 Z & THEOMIG LN E £ Y . Wolbachia
JEGHEUR D FF o T 1 Z A TNEMNTE S LT, IR NTr 2 A4
WHER SN2 L B2 b TW5 (Jigginset al., 2003), £/oA4F v avvavy
/3 Drosophila simulans (Turelli and Hoffman, 1991) °F%F a2 VB L UOF ¥ %
7 a 7 (Narita et al, 2006) (ZHIfAE RFIA & 51 & 38 Z 9 Wolbachia IZOW T,
EFANITEIAER D mtDNA 7o & A TR D Z L BRRESN TV D, £
Z T ATEIZEB T 5 mtDNA OZARMED D O AlREME & M54 % 72 (2 DnaSP
version 5.10 (Rozas et al., 2003) % T HKA 2 7E (Hudson et al., 1987) %
1772, mtDNA (ND5+COD & ZYetafk (Tpi) OAMEMSF A X% 1:3 T
MIEL, AMECIXE AL ET UV I F AW TR T OEREL L LT,
fEMT DOFER ., G L IEREGED EL L DEEECO AR R AITIR N7
(Table D-2), mtDNA DZARMERRA T2 2 L ITHGEHFRITR SN2 T
HLOD, FIMEKREEDIZIET X TONT 1 H A 7T Wolbachia G213 FERR S
22D, BERERDO mtDNA N7 1 2 A THRHERF S LD A T = R B BFEE
TORREMER B A D, £, BELET L6 mtDNA 721F T72 < | % DNA
~ORBEWET D5 HHEEA TE Y | Engelstdater and Hurst (2007) (%, [7
U DFEET DEAEEETIE, % DNA OBSEERHIZEE L7 <, #kE
AR B FIEEE S U< Wz, B DNA OBIGHISARMEITIR T 5 &
TS, ZoZ EiE, ARIZEBW T, mtDNA OB AR S e h -
Zlo—HEHRELTEZOND, Tz, MMM LV ITiEFED Wolbachia
DEGE L, mtDNA B2 KZ LR N OO R THE ST
¥ Y (Ballard et al. 1996; Dean et al. 2003; Gompert et al., 2006; Narita et al.,
2006) . AfE L B AT A ET UV IMOBIRFRIZIZE RV, Vb o
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AR DA EEEAE Z T ARetEn B 2 6 b,

S BT, I, R LOSEAEME D, B EOITENIRE L 52 2 F0 b W
SNTWD, HER L Wolbachia FEGHBEIRDBEREmNZ & THONL =7 R
YAV Fa v TiE, EHAOVEL S REEICHEIR D Z LISk MR HEE o <
STHFTH LN X RREHFEXOWIBLNE LTS (Jiggins et al,
2000; Randerson et al., 2000), AFEDUTEE-1 OBANHEOFE R I, MEhiXTe
L ABEZHR > TWZ2y, ZHUTHERBRIEAITEN 24TV B TH 5 Z LISk
THEBEZADLN, =7 RARYFavn k) REETEOZ(ITBE S
Mmolz, Fio, drdH; GoE-1. 3) LREEHS (BIR-1~3) offfEkicEk
\F 5 HERE U Wolbachia OREGBRE 2240 20, 50%TH Y, T X TOMEN )
FICTFERELLRET D & HiTEhEhmt - =1 :0.80, 1:050 &H#EE
S, M HEDN D 7R T DB TlX e o7z, LAL. Bonte et al. (2009)
(FEPRAERE T AIRENT 0 B . BER L O AR I TG T 246 Tl HEZ R~ 72
DFHATEDHEL LT D Z L ZGmaE L, MU A7 DB INDZ & 2R LT
Lo ZDOZ LG, RFEOHER: L Wolbachia (&Y UT-AAREETH . B4
BEFE DB < 72 5 Al REMEDS RIB STz, Z D XK 912, Wolbachia 1IARKFEDBIRIIZ
RO H 25T, BBITENC S B L 52 TW DL AREERE R b D,

BARE b & HEREY BEEE O B fR

5 4 FECIMEARRER OBYS TIRE & . FST &2 VW CTHERE L. JEARER] Cs
LR E T TS Z ERA LN T2, FST EROBE), DHAES & O
IZITFRWAEDOHEBENH D Z ENMBNTEY  HHMICKIT HBE)/SF — 13,
DHEMOBEFRE & MBENEHORBRBNOHET 22N TED

(Frankham et al., 2002) . £ AFHAFA TlE. A4 / & ¥ Ovis canadensis.
A A @A F 71 X Canis lupus, & 7~ Ursus arctos (Forbes and Hogg, 1999) .
FBFEETIE, A4 Ya s ~7T #7757 Picoides borealis, % + =T AV 7 rnm
¥ Strix occidentalis (Haig et al., 2001) (233 T, BIBAY5 L2 HIBRAY FEREE & +H
BELTWEZ ERHE I TnD, £ 2T ARIZE N TH mtDNA &£ DNA
INDAF B IV AEARER O FST E & BEREDBIR 2 fiffT L7z, £ Dbk, B
CHEN DT Y, BIETIRBIDNMK T2 2 &R an/eho7- (Fig. D-3), #fx
HIREREE & HIBRRUEEREDBIMRIC DWW T, SE S ERDMET APHEEINTE
v (7= & 2%, Kimura and Weiss, 1964; Ibrahim ef al., 1995) . Af&E(Z 331} 5 FST
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& HIPRRYRREEOFEER I, Tbrahim et al. (1995) (231 2R NA S HCE 7 VIZiE
WEEZbND, —E EOHBETIZ, EAEFEMRICEOTEEFRENTIZE A
IRV END, AEOBEMEIK< . FAERFIIIBEGENTHD Z &N
B 52272 o7,

EARHI PR O =

UEDXHIZ, SESERBAENG, KEOEHDOSEAFFESNTZ, £2
T, AFEOBEHINGEZ, KJELHEOEENOEZRZ LT, ZEAEDTFa v
JHITR RN T, ZO0MIIHFEMMOLHMmE—E L, &<, AAREAEDZE
<UL BREERIAROR IEMIAR R & DML L FEODNTWD (A3, 2001b)
R D3 AT ZIE DB A TR T D720, fHAEMIZB B EE & SFATICE
Ens (Hil, 1973), =& 21E. B a ~t /R F R Berberis amurensis <°
A B. thunbergii Z R % I Y~ 12 F 2 ¥ Aporia hippia 05345 (X5 & 1114
& . 7 Fagus crenata °A X7 F F japonica ZFIHT 257 I R P
Sibataniozephyrus fujisanus [T FEIRFERMAT & . A FA T2 Quercus gilva % F]
9 % /0—3 A2 X Panchala ganesa D53 AR 1L IRIERBIMGT & T —FKT 5
ZEDBMBATWD (A, 2001 ; HK, 2006), AfEiL, HHARZFLETD
EHUC T D, THNEBAEDORE N L HIRD & MEEBHARAET O A
ZIEREEND Z ERH BN o7 (Fig. D-4), FEEICIX, AR RERK
ZERYITE LTHA LTV DU TRV, EEBIRA LT 2 [
DAL TNDEEZBILD,

SUEZEAIZ BT D EHDOEDBFIRN L O FIHN TN D, 7o& ZUE, BUE
DT AV AO7w ) ZAEREIE, KUEFRIRBE 22 AL E & 5 v HE
R TH 5, 7r U 21T, BRUIIFBELD T oL K& M
TR E > TR DEE R L 7 22—V 7 Tholo b i, F5H
B DZERIRBEEBMEEN AL S 1172 (Remington, 1968; Avise, 2000; Mubhs et al.,
2003), BUEI, RO RIZ & b > T ALHE L DM R b D8k
il 3£ 9 %5 (Remington, 1968), E7-, IWEHICAL T DIRAFFEIZ OV T
b OKITHNCEFERIC R E) L, MDKENCAE B L72BRIS, KRR ER S A F v o
BRSNS W Lo & ST % (Avice, 2000), 7 v U &2 DR 7
WIZAEBT B vt A KU Ammodramus maritimus (Avise and Nelson, 1989) . 7
7 v 7 2 —/3R Centropristis striata (Bowen and Avise, 1990), /> 3 VJED
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—& Cicindela dorsalis (Vogler and DeSalle, 1993, 1994) 72 Zi%, s 1-f#HT M
5 2 ODEMICHPND ZEDRXFRENTND, 2O LT, K[EELIZ X
5530 ORE/INE LR EMEMICZE AL Z b LTERREE I BND,

FEA & AARSIEOHE & OBIRITFHEH & 523, BB ENTITKRD L 5 ek
BETZESTND, #200~15 FTHRTE, BIED B ARFIE & dIfE: 5 ik %
Tholz (B, 1977, ZH, 1980), 3~2 HHEATOTH HHZIIIL, AARE, 5
B Lol U, 1 BRI ~BUEO TSI AN THE, SN2 o8t L 72, 2
~1 FHERTOFEBINTIT, AN S I O KGR DS IR TR L SERIAR B
biv, MIERBME X, KEFERIOWERICE TEWL bR, ZHENkb
D IRBICHES THWMME ELTE e ST 5 (%EH, 1980) (Fig. D-5),
EIUT, RPEEHNT MR 72 E DSkl D OMIFENR 2% < BB ATED 554
WAFEIZATIZ LN - T, ARHMBIRE SN EEBZ Oz, EHYA XN
i/ & BIRFEIORELZZ TR T WD, ERHINOBEHIZARNEDTE K
ET VIILDOBEENE LTV (Frankham et al., 2002), 472 b, AfEiL, H
EOFE®BYE, Gta e, a0 Eg, WEREE., JUNmEEIC oW S, £
A XD/ E bRV, ENENICHEA OB TR EHELZEK L. (Fig.
D-6), =DO%, REBMHEOIL EIZE s TARBO A bIE~EIR LT &
Ez2bb, EBIC, AFEIZEIT 5 mtDNA &% DNA O s AL, His
ERAEDEEL I —HLTWD, BIIEOSMITOM SN ERAR, 2hE
NAEELZLOREELIELDEZXOND, DD LXK & el
DOAEEEEDN BB TR 30km L 2EEINL TWOVRWIZTH )b 63, B bR
OO & ETE LRV,

VLED &9 70l nsemy, AERR5ERY, A 2 B £ 2 T Aok
HYFONWTEET L, ARMNRETIE, 7. RERMERTET HLENR
b, AFROFES, T EBEOMEEREZ RO TEBIE T REINE 6720 2 & 23
IRENT, . BEEEEC IV TGS D Wolbachia EBEFEN 70D 2 & b,
BEERBE TIETE A ERMMB RN L 2RI D8R L 72> 72, Nice et al.
(2009) 1%, Wolbachia DBFEBAENMERFE DRI EEST 5 2 L1 b #EIE
HEOREDOBRIZZEN O ZHET S MNEMEZ TR L TR Y . AHFIEICBWTH
DT o 1o B FRAEPIGEBHEE ) B b . Wolbachia JEGEOFRA L, AFEOLRAE
ERAIRBERTHDL EEZDND, DI, EAEERM CHEFHREN N R
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D2 ENRHLMNIRoTZ NS R/MREBMZRET D BT, AR
AZRLEBETHLLEZEZOND, T2 T, TNOHORRRICESE | i+
2T —Z ZEFE LT B B U E O 11 BERERIZ DU T ARTE O e/ MR HAL 2
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PO HIVIRVMEREERNIL, RARDREHN & Ui, o7 a2 A4 7580
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HOGEIXBRRDHNLE Lz, Yo7 A XA 10 K OE IR DV TIE,
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I3 DNA OWFn—77 T, BIAEHIMEDR SNT5E TR 7 L R HAL
E LT, ZOREE . mtDNA 5 K U%% DNA O 2> 5 1% 6 47N bz,
Wolbachia JEGLARIUNT DN TIE, BGLEA DS 1 R T & MR S ALV LR B AT
& U TR FERRGE OEARTE & B 72 2 BAL & W72 U7 EGYEIATEIC DWW T |
B D2 SN GEIE, FRRICER DAL E L THi->7-, ZDOR5E.
Wolbachia JEGLRID B, 4 5FENRO bivle, FFEMABIICO VTR, &
PNERLFE & S B DR A ZZBWNTENEN AT TEEEN H -T2 2 &)
O VMNLOBAL & LTl o 7o, BEIERIFEIZ S v > A 7 HIZEEIR L 72516 753 10%
e HHEIT AR A VTR EE DS 45 mg Z AAVEICEB R LZRR, 4 0BnE
XN, ZHUHORMNOREGRNTHBT 5 &, 7 DORBHAIDRETE
% (Fig. D-7), AMERORESLLEEMEDOFHM 21T S BRIZIZ, ZAETDO LD
(CEARHIEAVED I FE SN TRIE SN 5 ELRE ZHAL (Evolutionarily
Significant Unit; ESU) L& ELH(Z (Management Unit; MU) (Moritz, 1994)
DEEHET T Tl BIHER OBEF M AT T 2 DITA+4r T, IRARME O &gy
RIS TF T BES I D EF % 5 O TRAIIZHREHEN ZRET HLEN H
HEBZBND,

ARBMNRETIE, bo b bBIESN IR THLD, £, m/MrAEHAL
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AR (VET VU)X, F 6D r IEHE LB X DI, NEER YA
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fill, 1984), FIHIT K 2 EHFOFIBCRMBLALEL D BE IE 72 & D AR O AR A D 2L
Bz e b, EXR EOEHMTON R 0D 2 & TEBPET LI,
B O BEREOFEMICAER T 5F a VEZ K IR TCOAHEIZS S SN TEY
(A4, 2001a) . Zh D ORAEICIE, ARMOFEHNPEETH S, JLH (2003)
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Maculinea teleius, t = V&> F a ¥ Brenthis daphne, ¥~ % 7€ K% Kirinia
fentoni 7¢ & O SEIRFENALE LEE S (LR IET I HT 52 L 2H 5
L, RN KD BELC ARICE B S L 7e A 2 D OFE DB &L A7
FICRKESBEEL TS Z LML TV D, HEHOL I ICAR/ICIY FRE
NTeHEHIZZ S OV y FEPERT HHIIMIZ SN D0dH D, JKWEKRTO
HH B LIREO O EDILEST b s (2L 2E, A, 2001 ; FA, 2001 ;
b5, 2003),

AFEOREIFEL, T TIIHAR S K 5HREMIZB N TERIITOATE
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BNV AN—=T 01 NMEfitE o Z—, 2012), £7-. Kobayashi et al. (2009) 1%,
AFEOREITEBNTL, FBE L ZNLRICEH EHOXN D IANEITH 2 &N
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ZATO ZEDPHALMNIR-oTEY, 1 F2l 0 THELZERD, SRIEDRR
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2o Fio. SEOMBEMEEETIX, T L7 16 R THA Tnl b L<IE Nyl 2
WYL TEBY ., FREEEITIR SN2 0oT2, T DI &S, Wolbachia
DBGUZONWTIE, FEEGE S 3O THEARFEM CHEN R D L L biT, YR
HICHEORD D Z LB LN Tz,

FARBRED AU OV A2 A Lz & 2 A T BIs 7 O AR Tix
Tn2 JEYfE D 1A D SERITKI 50% Tl & A E03MfEE LCTPRE L7228, Bk
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ARSI 2R Uiz, AARSHOEAETEIZH 1T 5 mtDNA OffHT Tld, ND5
& COI D2 SO A ADLET 6w DT X A7 (I~VD) BPHER I,
ITEHT OEERETIX, 3 T A 7 (1, 11, IV) fER S, BRI
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Summary

A study on conservation ecology of life history and genetic diversity in the

lycaenid butterfly, Zizina emelina

Yoshiko SAKAMOTO

The lycaenid butterly, Zizina emelina emelina (de 1'0rza) (Lepidoptera), is
distributed from the Kanto district to Tanegashima Island in Japan, and in
Korea. Zizina emelina occurs in short grasslands such as those of riverbanks,
seashores, and ridge of paddy fields, and major larval food plants are the
bird's-foot trefoil, Lotus japonicus (Fabaceae), and the white clover, Trefolium
repens (Fabaceae), in Japan. This species is listed in the Red Data List of Japan
as one of the most endangered species due to habitat and population
destruction and chosen as a model insect for the ex-situ conservation project of
the Ministry of Environment, Japan. In order to consider the conservation
measures including the ex-situ conservation, essential are the collection of
basic information concerning distribution, genetic diversity, host plant,
life-history trait, mating behavior, and symbiont, and the establishment of
basic techniques for mating, egg collection, larval rearing, and management of
diapausing larvae. In this study, both field and laboratory researches for
acquiring basic information and techniques were conducted to consider the
measures to conserve Z. emelina of the Japanese and Korean populations. In
Chapter 1, laboratory experiments were conducted to clarify the life history
and host plant utilization in Z. emelina. In Chapter 2, field observations of
mating behavior of Z. emelina and investigations of the possibilities of
reproductive interference from the most related species, Z. otis, and the
sympatric lycaenid, Pseudozizeeria maha, were conducted. The symbiont
infection status was investigated by genetic analysis in Chapter 3, and the
degree of genetic differentiation between populations was analyzed in Chapter
4.
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Chapter 1: Life history and host-plant utilization

Both field and laboratory researches were conducted to clarify life history
and host-plant utilization in Z. emelina. A field survey was conducted to
elucidate the seasonal prevalence of a population in central Kinki district (a
central Kinki population) in 2009. To clarify the temperature and
photoperiodic response, egg, larva and pupa of this species were reared under
a photoperiod of 16-h light and 8-h dark (16L) at a different constant
temperature of 20-30°C and under a different constant photoperiod of 15-12L
at 20°C. As a result, adults were observed almost continuously from late April
to late October in the field (Fig. 1-1-2). Results of rearing experiment showed
that arrested development was not observed in any stages under 16L, while
almost 100% of larvae entered diapause under 12L at 20°C as they slightly fed
on food with extra molts (Fig. 1-1-5). The results demonstrate that the late
instar larvae of Z. emelina enter diapause and pass the winter. It is inferred
from the incidence of diapause under each photoperiodic condition that the
critical photoperiod for inducing larval diapause in the population is
approximately 12 h 40 min at 20 °C (Fig. 1-1-4). Z. emelina was estimated to
have five or six generations in the population, according to the developmental
zero, effective accumulated temperature and critical photoperiod obtained
from rearing experiment, and the data for the daily mean temperature in 2009
(Table 1-1-1, 1-1-2, Fig. 1-D-1, 1-D-2). It is considered that Z. emelina has the low
dispersal/migratory ability because the estimated seasonal life cycle is almost
consistent with the seasonal prevalence observed in the field.

For comparison of oviposition preference among eight populations in
Japan, female adults were put into a plastic container with leaves of L. japonicus
and T. repens and the number of eggs laid on each plant was counted (Fig.
1-4-1). As a result, the rate of eggs laid on T. repens was highest in females of
the central Kinki population, while it was low in those of the Chubu, western
Kinki and southern Kyushu populations, indicating that the preference was
different among populations (Table 1-4-2, 1-4-3). When a population with a
low oviposition preference for T. repens was crossed with the other one with a

high preference for the plant, preference of their progenies for the plant was
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intermediate between the two populations (Table 1-4-10). Larvae of four of the
above eight populations were reared on the two plants to examine the
development on each plant. As a result, the emergence rates were not
significantly different between both populations and host plants (Table 1-3-2),
and almost all individuals made the adult eclosion normally. However, the
pupal weights of L. japonicus fed groups were significantly greater than those
of T. repens fed groups in all populations (Table 1-3-4). In both host plants, the
pupal weights of central Kinki and Shikoku populations were significantly
greater than those of western Kinki and southern Kyushu ones (Fig. 1-3-2). The
pupal weight of the hybrids was intermediate between populations with
different pupal weights (Fig. 1-3-9). It was proved from the data of these
experiments that the number of eggs laid per female was positively correlated
with the pupal weight of female (Fig. D-3). In the Korea population, adult
females laid on leaves of T. repens, and the larvae developed on the plant.

The results showed that the original host plant of Z. emelina is L. japonicus,

and the host range was expanded to T. repens in some populations.

Chapter 2: Mating behavior and influences of related species on reproduction

In order to clarify the key stimuli to female finding in the male mating
behavior of Z. emelina and Pseudozizeeria maha, a sympatric lycaenid with a
similar wing pattern, observations on the response of flying male to various
wing models were carried out in the field (Fig. 2-2-1). As a result, in both
species, flying males showed a strong interest in closed-wing models, while
they scarcely approached open-wing ones. In the sequence of events, the flying
Z. emelina males approached and immediately touched the models, and tried
to copulate with them, while P. maha males displayed courtship posture
around them, indicating that both species have the different behavioral
patterns. In addition P. maha males frequently approached and contacted Z.
emelina male models, and tried to copulate with them, while Z. emelina scarcely
approached the P. maha models (Fig. 2-2-2, 2-2-3, 2-2-4).

The mating behavior of Z. emelina females and Z. otis males was observed

in net cages to estimate the possibility of hybridization between the most
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related species,. As a result, Z. otis males were strongly interested in Z. emelina
females, and two couples were obtained. When the F1 offspring was reared on
T. repens, males normally developed, but the development of females was
retarded in egg or larval stages.

The results showed that Z. emelina was affected by means of the

reproductive interference especially when Z. otis is sympatric with Z. emelina.

Chapter 3: Wolbachia infection and host manipulation

Some females produced no male offspring in rearing experiments.
Therefore, the detection of Wolbachia pipientis affecting the host sex ratio and its
strain were investigated by genetic analysis of parts of wsp and ftsZ genes in a
total of 14 populations in Japan and Korea. As a result, three strains of
Wolbachia, Tnl, Tn2 and Nyl, were found in the populations of Japan and
Korea (Fig. 3-1-1, 3-1-2). Both Tnl and Tn2 were found in central Kinki
populations, and more than 50% of individuals were infected with Tn1 in one
of them (Table 3-1-2). As for Kyushu, Kanto and Chubu populations, infections
by Tnl, Tn2 and Nyl and Nyl were found respectively. In contrast, no
infection was found in western Kinki and Shikoku populations. In Korea, all of
the 16 individuals examined were infected with Tnl or Nyl. The results
showed that Wolbachia infection strains and their rates were different among
populations.

The mean egg hatchability of broods from wEmeTn2-infected females was
almost 50%, and most of them emerged as female adults in Kinki and Kanto
populations (Table 3-1-3, 3-1-4). In that strain, however, individuals which
were dead in the pharate adult stage or incompletely emerged had male-like
wing patterns, and were sexual mosaics with male and female characteristics
in external genetalia (Fig. 3-2-1, 3-2-2). Close observations of somatic cells
revealed that these sexual mosaics were genetically male and their body parts
were feminized (Fig. 3-1-4). The incidence of sexual mosaics has a tendency to
be higher in early offspring produced by Tn2-infected females (Fig. 3-3-1,
3-3-2). Although some populations showed high incidence of Tnl and Tn2

infection, clear manipulations were not found.
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The results showed that Tn2 strain of Wolbachia kills the host males and/or

induces sexual mosaic in Z. emelina.

Chapter 4: Genetic diversity
Mitochondrial ND5 and COI genes and a nuclear Tpi gene were analyzed to
investigate the genetic diversity and degree of differentiation in above
mentioned populations in Z. emelina. Six haplotypes (I-VI) were found by
analyses of combined ND5 and COI genes (Fig. 4-1). Three haplotypes (I, II, IV)
were found in Kinki populations, and northern Kanto, Shikoku and Kyushu
populations have haplotypes common to those of Kinki populations. The
haplotype frequencies were different among populations. One (III) and Two (V,
VI) haplotypes were unique to southern Kanto and Chubu population,
respectively. Individuals infected with Tnl Wolbachia had an only mitotype IV,
while Tn2- and Nyl-infected individuals a mitotype I, II or IIl, and I or V,
respectively. This indicates that mitochondrial haplotypes are associated with
Wolbachia strains of infection. Six haplotypes (A-F) were found by analyzing of
nuclear DNA (Fig. 4-3). Haplotype A was distributed throughout Z. emelina
populations in Japan, while Haplotypes B and C, and D and F were unique to
Kinki and Shikoku, and Kanto and Chubu populations, respectively, although
haplotype frequencies were different among populations. Two mytotypes (VII,
VIII) in Korean populations were different from any mytotypes in Japan, while
nuclear types of all the Korean individuals examined were identical to
Haplotype D in Kanto and Chubu populations in Japan. Haplotype
frequencies were proved to be different among almost all populations from
comparison of genetic diversity of Japanese populations, indicating the
population differentiation in Z. emelina. Analysis of the degree of genetic
differentiation and geographic distance showed that the degrees were high
between distant populations (Fig. D-3), indicating that Z. emelina has little
migratory activity and the populations are not continuous.
From the results of this study, the basic information on considering
measures for the conservation of Z. emelina was accumulated with the

reproductive techniques for rearing and crossing established.
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For conservation of Z. emelina, it is essential to decide conservation units and
to establish the measures for maintaining habitat environments after
investigating the host-plant utilization ability, Wolbachia infection and genetic
diversity. When the ex-situ preservation plan for successive rearing and
reintroduction is arranged, it is important to select populations for obtaining
founder individuals and introducing reproducing individuals according to
conservation units with due consideration to reproductive interference from

the related species.
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Table 1-1-1. Developmental periods of eggs, larvae and pupae of Z. emelina under different temperature conditions

Egg Larva Pupa
Temperature Number of mean + SE Number of mean + SE Number of mean + SE
(°C) samples (days) samples (days) samples (days)
20 80 6.69 + 0.06° 134 28.25 + (0.23% 134 13.20 £ 0.10°
23 48 5.02 + 0.02° 48 21.42+0.17° 48 10.08 + 0.13°
25 80 3.78 + 0.06° 80 18.50 + 0.21°¢ 81 8.13 + 0.08°
30 26 2.65+0.10¢ 26 11.81 £ 0.16" 26 5.58 + 0.13¢

Values followed by a different letter in the same column are significantly different (anova, Tukey—-Kramer test,
p <0.05).



Table 1-1-2. The regression lines for temperature (¢ ) and developmental rate (V') , developmental threshold
(t O) and thermal constants (K') calculated by relations between temperatures and developmental rates of

eggs, larva, pupa, and whole immature stages of Z. emelina.

Stage Regression line R? to (°C) K (day degree) N

Egg =-0.341+0.0243t  0.80 14.0 41.2 235
Larva =-0.057 +0.0046t  0.90 12.4 217.4 289
Pupa V =-0.129+0.0102t  0.89 12.7 98.0 289

Egg-Pupa =-0.040 + 0.0030¢ 0.94 13.3 333.3 235




Table 1-3-1. Collected individuals of Z. emelina for developmental experiments from ten populations in Japan and two

populations in Korea .

Location Main larval food plant Landscape Month of sampling Female  Male
Kanto-1 L. japonicus, T. repens ' glassland Sep. & Nov. 2007 11 0
Kanto-2 L. japonicus , T. repens ' meadow, glassland Sep. 2007 3
Kanto-3 L. japonicus, T. repens ' seashore Nov. 2007 1 0
Chubu L. japonicus riverbank Oct. 2011 1 0
Kinki-1 T. repens’, L. sp. ” glassland June-Oct. 2011 13 7
May & June 2012
Kinki-2 L. japonicus ° ridge of pond June, Aug. & Sep. 2011 4 7
June & Jul. 2012
Kinki-3 L. corniculatus * glassland Apr. 2007 7 0
Kinki-4 L. japonicus > ridge of pond Jul. 2007 3 0
Shikoku L. japonicus riverbank Jul. 2012 10 0
Kyushu-1 L. japonicus riverbank Nov. 2011 3 0
Korea-1 L. japonicus, T.repens, glassland Aug. 2012 6 0
Kummerowia stipulacea, K.
striata
Korea-2 glassland Aug. 2012 1 0
1) Suzuki (2007)
2) Minohara et al. (2007)
3) Takei (2005)

4) This species had both L. japonicus and L. corniculatus 's charactelistics.



Table 1-3-2. Larval survival rates of Z. emelina reared
under 25-26 °C16L-8D conditions on artifitial diet of L.

japonicus or T. repens in nine populations.

Population Larval food  Survival rate” N
Kanto-1 T. repens 949 a 294
Kanto-2 T. repens 91.1a 79
Kanto-3 T. repens 100 a 7
Chubu L. japonicus 100 a 14
T. repens 66.7 a 9
Kinki-1 L. japonicus 98.1a 317
T. repens 95.6 a 453
Kinki-2 L. japonicus 93.0a 57
T. repens 90.0 a 90
Kinki-3 T. repens 90.0 a 150
Shikoku L. japonicus 98.1a 103
T. repens 95.0a 119
Kyushu-1 L. japonicus 96.4 a 56
T. repens 98.0 a 49

1) Rates followed by the same letter are not significantly
different at 5% levels by Tukey-type multiple
comparison test (p >0.05).



Table 1-3-3. Larval periods of Z. emelina reared on L. japonicus or T. repens artificial diets

Mean =+ SE of larval periods (Days) Mann-
Population L. japonicus T. repens N t-test V' Whitney
fed group fed group U test?
Chubu ®  174+05 ns 5 17 :lns 1 ns -
g 169+04 9 18+0.8 5 ns -
Kinki-1 ? 18.5+0.1 :ln 156 179+ 0'2]** 242 * -
g 181+02-" 151 17.1+0.2 169 -
Kinki-2 ? 179 + 0.2] o 21 17.6 + 0.2] N ns ns
o 16.8+0.3 30 16.6 £0.2 36 ns -
Shikoku ?  19.0+02 :lns 53 18.2 + O.2:|H 51 o -
o 185+0.2 49 17.6 0.1 52 * *
Kyushu-1 ? 206+ 0.4] 29 19.0+£0.3 20 * -
%% 3%
g 19.1+0.3 25 17.2+0.2 23 ok -

1) Student's ¢- test was performed between L. japonicus and T. repens fed groups
2) Mann-Whitney U test was performed when the group sample variances were unequal.
**:p<0.01, **: p<0.001, ns: not significant.



Table 1-3-4. Pupal weights of Z. emelina reared on L. japonicus and T. repens artificial diets

Mean + SE of pupal weight (mg) Mann-

Population L. japonicus T. repens N t-test ! Whitney

fed group fed group U test?
Chubu $ 520+257 . 5 45.6 :Ins 1 ns -
o 54.0+4.1 9 43.1+4.1 5 * -
Kinki-1 2 53.2 + 0.5] o 156 48.0 + 0.4:|rl 240 ok -

o1 51.4+04 151 47.8+£0.5 165 ok i

Kinki-2 ? 46.9 £0.9 :l ns 21 40.1 £ 0.7:|nS 44 e -
o4 471+0.6 30 40.9 £0.7 36 ok -
Shikoku g 54.3 + 0.6] ng O3 47.8 + 0.7:|nS 51 ok -
o4 53.3+£0.7 49 46.3£0.9 52 ok -
Kyushu-1 ? 40.8 + 1.4] ns 29 36.1 + 1.6] ., 20 * -
g 440+1.2 25 40.6 +1.3 23 ns -

1) Student's t- test was performed between L. japonicus and T. repens fed groups
2) Mann-Whitney U test was also performed when the group sample variances were unequal.
*: p<0.05, ***: p <0.001, ns: not significant



Table 1-3-5. Pupal weights of Z. emelina in four broods in the Kinki-1

population

Larval food Mother ID N Pupal weight (mg) - Tukey
Mean + SE Kramer

L. japonicus % T280 21 51.6 +0.6 a

T281 9 55.9+0.9 b

T282 15 55.1+0.6 b

T283 20 58.2+1.0 b

ot T280 15 51.4+0.8 a

T281 16 52.0+0.8 a

1282 12 514+1.8 a

T283 18 54.9+0.9 a

T.repens T280 28 48.0+1.0 a

T281 14 524+0.9 b

T282 15 51.6+0.9 ab

T283 27 534+1.2 b

o4 T280 21 457 +1.2 a

T281 9 50.6 +1.3 b

T282 10 51.7+1.1 b

T283 20 53.3+0.8 b

Means followed by the same letter in each condition of larval food and

sex are not significantly different at 5 % levels by Tukey-Kramer test.



Table 1-3-6. Larval survival rates of Z. emelina reared on L.

japonicus and T. repens fresh leaves

No. of ‘
Population Larval food Survival rate N
broods
Kinki-1 5 L. japonicus 955a 22
T. repens 923 a 26
Kinki-2 3 L. japonicus 100 a 11
T. repens 100 a 13

1) Rates followed by the same letter are not significantly

different at 5% levels by Tukey-type multiple comparison



Table 1-3-7. Comparison of larval periods between individuals reared on artificial diet and on fresh
leaves in the Kinki-1 and Kinki-2 populations in Z. emelina

Larval food Mean + SE of larval period (Days)
Population Sex t-test
plant on artificial diet N on fresh leaves N

Kinki-1 L. japonicus 2 18.5+1.8 156 20.9+0.9 8 ok
ot 18.1+2.1 151 19.3+0.4 12 ns

T. repens ? 17.8+2.2 240 18.4+0.4 9 ns

o4 17.1+23 165 17.5+0.3 15 ns

Kinki-2 L. japonicus ¢ 17.9+0.9 21 17.8 +0.5 6 ns
o4 16.8+1.4 30 17.2+0.4 5 ns

T. repens ? 176 +1.5 44 15.7+0.3 9 *

" 16.5+1.3 36 15.3+0.5 4 ns

1) Student's ¢- test was performed between L. japonicus and T. repens fed groups
**:p<0.01, ns: not significant.



Table 1-3-8. Comparison of pupal weights between individuals reared on artificial diet and on fresh

leaves in the Kinki-1 and Kinki-2 populations in Z. emelina

Larval food

Mean * SE of pupal weight (mg)

p lati _ D)
epriation plant x on artificial N on fresh N f- test
Kinki-1 L. japonicus 2 53.2+0.5 156 429+20 8 o
o 51.4+04 151 41.3+19 12 ok
T. repens ? 48.0+04 240 343+23 9 ok
o4 47.8+0.5 165 32909 15 o
Kinki-2 L. japonicus 2 46.9+0.9 21 352+0.7 6 o
o4 47.1+0.6 30 342+21 5 o
T. repens ? 40.1+0.7 44 285+1.1 9 o
" 409 +0.7 36 27.9+27 4 o

1) Student's ¢- test was performed between artificial diet and on fresh leaf fed groups

% p <0.001



Table 1-4-1. Collected individuals of Z. emelina for oviposition experiments from nine populations in Japan and two

populations in Korea

Location Main larval food plant Landscape Month of sampling Female  Male

Kanto-1 L. japonicus, T. repens ' glassland Sep. & Nov. 2007 13 0

Kanto-2 L. japonicus , T. repens ' meadow, glassland Sep. 2007 5 0

Kanto-3 L. japonicus, T. repens ' seashore Nov. 2007 1 0

Chubu L. japonicus riverbank Oct. 2011 1 0

Kinki-1 T. repens’, L. sp. ¥ glassland Oct. 2007 34 28
Aug. 2010

Aug.-Nov. 2011
May & Jul. 2012

Kinki-2 L. japonicus 3 ridge of pond Jul. 2007 20 10
June Aug .& Sep. 2011
Kinki-3 L. corniculatus * glassland Jul. & Aug. 2006 3 0
Kinki-4 L. japonicus > ridge of pond Jul. 2007 8 0
Aug. 2010
Shikoku L. japonicus riverbank Jul. 2012 12 0
Kyushu-1 L. japonicus riverbank Nov. 2011 3 0
Kyushu-2 L. japonicus campsite Sep. 2010 3 0
Korea-1 L. japonicus, T.repens, glassland Aug. 2012 6 0
Kummerowia stipulacea, K.
striata
Korea-2 glassland Aug. 2012 1 0
1) Suzuki (2007)
2) Minohara et al. (2007)
3) Takei (2005)

4) This species had both L. japonicus and L. corniculatus's charactelistics.



Table 1-4-2. Host-plant preference for L. japonicus and T. repens of female adults collected from eight

populations and the rate of females preferring each host plants in Z. emelina

Preference” (p <0.05) Rate of female Rate of female
Population , . preferring preferring
L. japonicus n.s. T. repens L. japonicus (%) T. repens (%)
Kanto-1 2 1 0 66.7 0
Chubu 1 0 0 100 0
Kinki-1 7 1 5 53.8 38.5
Kinki-2 15 0 0 100 0
Kinki-4 1 1 0 50.0 0
Shikoku 11 1 0 91.7 0
Kyushu-1 3 0 0 100 0
Kyushu-2 2 1 0 66.7 0

1) by binomial test



Table 1-4-3. Total number of eggs oviposited on L. japonicus and T. repens in dual-
choice tests by field-collected females from eight populations in Z. emelina

. No. of eggs oviposited No. of Rate on
Population - -
on L. japonicus on T. repens females T. repens (%)
Kanto-1 167 38 3 185 ¢
Chubu 39 1 1 25cd
Kinki-1 559 361 13 39.2a
Kinki-2 914 17 15 19d
Kinki-4 104 36 2 25.7b
Shikoku 387 32 13 7.6 c
Kyushu-1 138 4 3 2.8 cd
Kyushu-2 32 19 3 37.3 ab

Rates followed by the same letter in each stage are not significantly different at 5%

levels by Tukey-type multiple comparison test (p >0.05).



Table 1-4-4. Host-plant preference for L. japonicus and T. repens of female adults collected from the Kinki-

1 and Kinki-2 populations and the rate of females preferring each host plants

Preference’ (p <0.05) Rate of female Rate of female
population _ ‘ preferring preferring
L. japonicus n.s. T. repens L. japonicus (%) T. repens (%)
Kinki-1 4 1 0 80.0 0
Kinki-2 3 0 0 100.0 0

1. by binomial test



Table 1-4-5. Total number of eggs oviposited on L. japonicus and T. repens by field-

collected females in alternation test from the Kinki-1 and Kinki-2 populations in Z.

emelina
. No. of eggs oviposited Number of Rate on
Population - -
on L. japonicus on T. repens females T. repens (%)
Kinki-1 307 153 6 33.2
Kinki-2 111 0 3 0

There is a significantly difference between popualtion and rate on T. repens (p <0.05)



Table 1-4-6. Host-plant preference for L. corniculatus and T. repens of female adults collected from six

populations and the rate of females preferring each host plants in Z. emelina

Preference (p <0.05) Rate of female Rate of female
population . preferring preferring
L. corniculatus n.s. T. repens L. japonicus (%) T. repens (%)
Kanto-1 4 2 1 100 0
Kanto-2 4 0 1 80.0 20
Kinki-1 3 3 7 23.1 53.8
Kinki-2 5 0 0 100 0
Kinki-3 2 1 0 67 0
Kinki-4 2 0 0 100.0 0

1. by binomial test



Table 1-4-7. Total number of eggs oviposited on L. corniculatus and T. repens by field-

collected females from six populations in Z. emelina

. No. of eggs oviposited No. of Rate on
Population :
on L. corniculatus on T. repens females T. repens (%)

Kanto-1 252 85 7 25.2 bc
Kanto-2 132 32 5 135 ¢
Kinki-1 156 205 13 56.8 a
Kinki-2 144 2 5 14d
Kinki-3 52 34 3 395b
Kinki-4 92 0 3 0d

Rates followed by the same letter in each stage are not significantly different at 5%

levels by Tukey-type multiple comparison test (p >0.05).



Table 1-4-8. Comparison of oviposition rates for T. repens between

two combinational dual-choice tests in Z. emelina
Oviposition rate for T. repen s %

(Total no. of eggs laid)

Population . - . Chi-square test
L. japonicus L. corniculatus
and T. repens and T. repens
Kanto-1 18.5 (205) 25.2 (337) ns
Kanto-2 - 13.5 (164) -
Chubu 2.5 (40) - -
Kinki-1 39.2 (920) 56.2 (365) p <0.001
Kinki-2 1.9 (931) 1.4 (146) ns
Kinki-4 25.7 (140) 0(92) p <0.001
Shikoku 7.6 (419) - -
Kyushu-1 2.8 (142) - -

Kyushu-2 37.3 (41) - -




Table 1-4-9. Number of eggs oviposited by mated and unmated

female offspring of Z. emelina obtained from females in six

populations.
population Median (no. of females) pb
Mated Unmated

Kanto-1 - 4 (14) -

Kanto-2 - 0(17) -
Kinki-1 169 (13) 6 (6) e
Kinki-2 102 (4) 1(17) o

Kinki-3 - 3 (54) -

Kinki-4 - 5(11) -
Hybrid” 123 (15) 0(1) NS
Total 132 (32) 2 (130) o

1) Mann-Whitney U test
2) Hybrid between the Kinki-1 and Kinki-2 populations



Table 1-4-10. Total number of eggs oviposited on L. japonicus and T. repens in dual-choice tests by females

reared on the each host plant from the crossing experiments between the Kinki-1 and Kinki-2 populations in

Z. emelina
Crossing experiment Larval food No. of eggs oviposited No. of Rate on
XS plant on L. japonicus on T. repens females T. repens (%)
Kinki-1 x Kinki-1 L. japonicus 582 258 5 30.7 ba
T. repens 430 312 6 42.1a
Kinki-1 x Kinki-2 L. japonicus 743 58 4 7.2 de
T. repens 468 24 4 4.9 ef
Kinki-2 x Kinki-1 L. japonicus 359 63 4 149 c
T. repens 245 35 4 12.5 cd
Kinki-2 x Kinki-2 L. japonicus 345 3 3 0.8 f
T. repens 86 0 1 0f

Rates followed by the same letter in each stage are not significantly different at 5% levels by Tukey-type
multiple comparison test (p >0.05).



Table 3-1-1. Collected individuals of Z. emelina for Wolbachia detection from 14 populations in Japan and two populations in Korea

Population Main larval food plant Landscape Month of sampling Female Male
Kanto-1 L. japonicus, T. repens ' glassland Sep. & Nov. 2007 10 0
Kanto-2 L. japonicus , T. repens ' meadow, glassland Sep. 2007 5 0
Kanto-3 L. japonicus, T. repens ! seashore Nov. 2007 1 0
Kanto-4 L. japonicus riverbank Sep. 2011 5 2
Chubu L. japonicus riverbank Oct. 2011 1 1
Kinki-1 T. repens °, L. sp.* glassland Aug. Sep. Oct. & Nov. 2004 62 33
June 2005

Apr. Oct. & Nov. 2007
Jun. Jul. & Aug. 2009

Kinki-2 L. japonicus ° ridge of pond Jul. 2007 10 4
Aug. 2010
Kinki-3 L. corniculatus * glassland Jul. & Aug. 2006 14 7
Apr. 2007
Kinki-4 L. japonicus ° ridge of pond Oct. 2006 17 16
Jul. 2007
Aug. 2010
Kinki-5 L. japonicus ° ridge of paddy field Aug. & Oct. 2006 2 3
Shikoku L. japonicus riverbank Jul. 2012 10 0
Kyushu-1 L. japonicus riverbank Nov. 2011 1 0
Kyushu-2 L. japonicus glassland Sep. 2010 6 1
Kyushu-3 L. japonicus Jun. 2001 0 2
Korea-1 L. japonicus, T.repens, glassland Aug. 2012 10 2
Kummerowia stipulacea, K.
Korea-2 glassland Aug. 2012 4 0

158 71

1) Suzuki (2007)

2) Minohara et al. (2007)

3) Takei (2005)

4) This species had both L. japonicus and L. corniculatus 's charactelistics



Table 3-1-2. Infection rates of Wolbachia in Z. emelina in 14 populations in Japan and two populations in Korea

Population Wol?uchm Female Male Total Population Wol?uchm Female Male Total
strain strain
Kanto-1 wEmeTnl 0 (0%) 0 (0%) 0 (0%) Kinki-4 wEmeTnl 0 (0%) 0 (0%) 0 (0%)
wEmeTn2 2 (20%) 0 (0%) 2 (20%) wEmeTn2 0 (0%) 0 (0%) 0 (0%)
wEmeNyl 0 (0%) 0 (0%) 0 (0%) wEmeNyl 0 (0%) 0 (0%) 0 (0%)
uninfected 8 (80%) 0 (0.0%) 8 (80%) uninfected 17 (100%) 16 (100%) 33 (100%)
Total n=10 n=0 n=10 Total n=17 n=16 n=33
Kanto-2 wEmeTnl 0 (0%) 0 (0%) 0 (0%) Kinki-5 wEmeTnl 0 (0%) 0 (0%) 0 (0%)
wEmeTn2 5 (100%) 0 (0%) 5 (100%) wEmeTn2 0 (0%) 0 (0%) 0 (0%)
wEmeNyl 0 (0%) 0 (0%) 0 (0%) w EmeNyl 0 (0%) 0 (0%) 0 (0%)
uninfected 0 (0%) 0 (0%) 0 (0%) uninfected 2 (100%) 3 (100%) 5 (100%)
Total n=5 n=0 n=5 Total n=2 n=3 n=5
Kanto-3 wEmeTnl 0 (0%) 0 (0%) 0 (0%) Shikoku wEmeTnl 0 (0%) 0 (0%) 0 (0%)
wEmeTn2 1 (100%) 0 (0%) 1 (100%) wEmeTn2 0 (0%) 0 (0%) 0 (0%)
wEmeNyl 0 (0%) 0 (0%) 0 (0%) wEmeNyl 0 (0%) 0 (0%) 0 (0%)
uninfected 0 (0%) 0 (0%) 0 (0%) uninfected 10 (100%) 0 (0%) 10 (100%)
Total n=1 n=0 n=1 Total n=10 n=0 n=10
Kanto-4 wEmeTnl 0 (0%) 0 (0%) 0 (0%) Kyushu-1 wEmeTnl 0 (0%) 0 (0%) 0 (0%)
wEmeTn2 0 (0%) 0 (0%) 0 (0%) wEmeTn2 0 (0%) 0 (0%) 0 (0%)
wEmeNyl 4 (80%) 2 (100%) 6 (86%) wEmeNyl 0 (0%) 0 (0%) 0 (0%)
uninfected 1 (20%) 0 (0%) 1 (14%) uninfected 1 (100%) 0 (0%) 1 (100%)
Total n=5 n=2 n=7 Total n=1 n=0 n=1
Chubu wEmeTnl 0 (0%) 0 (0%) 0 (0%) Kyushu-2 wEmeTnl 4 (0%) 1 (0%) 5 (71%)
wEmeTn2 0 (0%) 0 (0%) 0 (0%) wEmeTn2 0 (0%) 0 (0%) 0 (0%)
wEmeNyl 0 (0%) 1 (100%) 1 (50%) wEmeNyl 0 (0%) 0 (0%) 0 (0%)
uninfected 1 (100%) 0 (0%) 1 (50%) uninfected 2 (100%) 0 (0%) 2 (29%)
Total n=1 n=1 n=2 Total n=6 n=0 n=7/
Kinki-1 wEmeTnl 34 (55%) 24 (73%) 58 (61%) Kyushu-3 wEmeTnl 0 (0%) 1 (50%) 1 (50%)
wEmeTn2 14 (23%) 0 (0%) 14 (15%) wEmeTn2 0 (0%) 0 (0%) 0 (0%)
wEmeNyl 0 (0%) 0 (0%) 0 (0%) wEmeNyl 0 (0%) 0 (0%) 0 (0%)
uninfected 14 (23%) 9 (27%) 23 (24%) uninfected 0 (0%) 1 (50%) 1 (50%)
Total n=62 n=33 n=95 Total n=0 n=2 n=2
Kinki-2 wEmeTnl 0 (0%) 0 (0%) 0 (0%) Korea-1 wEmeTnl 0 (0%) 0 (0%) 0 (0%)
wEmeTn2 0 (0%) 0 (0%) 0 (0%) wEmeTn2 0 (0%) 0 (0%) 0 (0%)
wEmeNyl 0 (0%) 0 (0%) 0 (0%) wEmeNyl 10 (100%) 2 (100%) 12 (100%)
uninfected 10 (100%) 4 (100%) 14 (100%) uninfected 0 (0%) 0 (0%) 0 (0%)
Total n=10 n=4 n=14 Total n=10 n=2 n=12
Kinki-3 wEmeTnl 9 (65%) 6 (86%) 15 (71%) Korea-2 wEmeTnl 2 (50%) 0 (0%) 2 (50%)
wEmeTn2 2 (14%) 0 (0.0%) 2 (10%) wEmeTn2 0 (0%) 0 (0%) 0 (0%)
wEmeNyl 0 (0%) 0 (0%) 0 (0%) wEmeNyl 2 (50%) 0 (0%) 2 (50%)
uninfected 3 (21%) 1 (14%) 4 (19%) uninfected 0 (0%) 0 (0%) 0 (0%)
Total n=14 n=7/ n=21 Total n=4 n=0 n=4




Table 3-1-3. Wolbachia infection of female adults of Z. emelina collected in the Kinki-1population in 2004, 2005,
2007 and 2011 and egg hatchability, viability, and sex ratio of their offspring.

Mother Offspring

Individual Wolbachia Egg Larval Female ’
] o ] Female Male b

number infection hatchability Survival rate rate
in 2004
S1 uninfected ne ne 19 28 0.40 ns
S2 w EmeTnl ne ne 7 12 0.37 ns
S3 w EmeTn2 ne ne 16 0 1.00 E
54 uninfected ne ne 13 17 0.43 ns
S5 uninfected ne ne 24 19 0.56 ns
S6 w EmeTn2 ne ne 28 0 1.00 i
S7 w EmeTnl 0.84 (32) 0.96 (25) 19 5 0.79 o
S8 uninfected 0.89 (37) 0.91 (33) 16 14 0.53 ns
513 w EmeTn2 0.45 (22) 0.70 (10) 7 0 1.00 >
S14 w EmeTnl 0.95 (41) 0.97 (39) 21 17 0.55 ns
515 uninfected 0.86 (105) ne 34 26 0.57 ns
517 w EmeTnl 0.93 (44) 0.88 (41) 17 16 0.52 ns
S21 uninfected 1.00 (21) 0.80 (21) 8 9 0.47 ns
525 w EmeTnl 0.88 (34) ne 12 14 0.46 ns
S32 w EmeTnl ne ne 17 4 0.81 **
in 2005
5103 w EmeTnl 0.89 (108) ne 23 36 0.39 ns
5104 uninfected 0.91 (46) ne 16 18 0.47 ns
5105 w EmeTn2 0.48 (58) ne 13 0 1.00 o
5106 w EmeTn2 0.38 (88) ne 20 0 1.00 o
5108 uninfected 0.78 (45) ne 11 9 0.55 ns
5109 w EmeTnl 0.86 (59) ne 20 24 0.45 ns
5110 w EmeTnl 0.94 (53) ne 19 23 0.45 ns
S111 w EmeTn2 0.47 (115) ne 31 0 1.00 xEx
S112 w EmeTnl 0.90 (30) ne 15 4 0.79 >
S113 w EmeTn2 0.44 (39) ne 6 0 1.00 ns
S114 w EmeTn2 0.47 (101) ne 37 0 1.00 o
5115 w EmeTnl 0.38 (55) ne 5 6 0.45 ns
5116 w EmeTnl 0.58 (80) ne 13 11 0.54 ns
5117 uninfected 0.75 (44) ne 8 9 0.47 ns
5118 w EmeTn2 0.58 (12) ne 7 0 1.00 *
5119 w EmeTnl 0.86 (43) ne 10 15 0.40 ns
5120 w EmeTnl 0.85 (27) ne 9 8 0.53 ns
5121 w EmeTnl 0.93 (59) ne 20 14 0.59 ns
5122 uninfected 0.55 (20) ne 2 7 0.22 ns
5123 w EmeTn2 0.60 (124) ne 41 1 0.98 R
S124 uninfected 0.77 (48) ne 17 12 0.59 ns
in 2007
T8 w EmeTnl 0.90 (19) 0.88 (17) 10 5 0.67 ns
T12 w EmeTnl 0.90 (10) 1.00 (9) 4 5 0.44 ns
T13 w EmeTnl 0.95 (22) 0.86 (21) 12 7 0.63 ns
T14 w EmeTnl 1.00 (15) 0.80 (15) 4 8 0.33 ns
T15 w EmeTnl 1.00 (25) 0.92 (24) 11 11 0.50 ns
T23 uninfected 0.91 (23) 0.90 (21) 10 9 0.53 ns
T24 w EmeTnl 1.00 (38) 0.91 (35) 14 25 0.36 ns
T25 w EmeTn2 0.44 (23) ne 5 0 1.00 *
T27 w EmeTnl 0.92 (38) ne 12 13 0.48 ns
128 w EmeTnl 0.98 (41) ne 9 10 047 ns
T29 w EmeTn2 0.46 (22) 0.90 (10) 9 0 1.00 >
T32 w EmeTnl 0.90 (10) 1.00 (10) 7 3 0.70 ns
in 2011
T241 w EmeTn2 1.00 (48) 1.00 (33) 17 16 0.52 NS

ne, not examined. " by binominal test *: p<0.05, **:p<0.01, **: p<0.001, ns:p>0.05.

Egg hatchabilities and viabilities are given with total numbers of eggs and larvae in parentheses.

Not all of laid eggs were used for the experiment and total numbers were inconsistent because of accidental
death.



Table 3-1-4. Hatchabilities and female rates of Z. emelina
by Wolbachia strains in the Kinki-1 population.

Wolbachia Median (rate)

strain Hatchability Female rate
w EmeTnl1 0.90 a 0.50 a
w EmeTn2 0.54 b 092D
uninfected 0.88 a 0.53 a

Mann-Whitney U -test for two-group comparisons.
Values with the same letter in the same column was not
significantly different by Bonferroni method after
Mann-Whitney U test (p >0.05).



Table 3-1-5. Wolbachia infection of female adults of Z. emelina collected in the Kanto-1, Kanto-2, Kanto-3,
Kinki-1, Kinki-2, Kinki-3 and Kinki-4 populations in 2007, and egg hatchability and sex ratio of their

Mother Offspring

Site Individua Wolbachia Egg ;

. . . Female Male  Female rate P

1 infection hatchability

Kanto-1 K1 uninfected 0.75 10 10 0.50 NS
K4 uninfected 0.88 15 15 0.50 NS
K11 uninfected 0.87 10 15 0.40 NS

K22 uninfected 0.96 18 32 0.34 *
K23 uninfected 0.91 25 26 0.49 NS
Kanto-2 K8 w EmeTn2 0.71 24 0 1.00 wxE
K9 w EmeTn2 0.68 13 0 1.00 R
Kanto-3 K24 w EmeTn2 0.40 11 0 1.00 wEE
Kinki-3 P6 w EmeTnl 1.00 14 21 0.40 NS
P7 uninfected 1.00 10 18 0.36 NS
P9 w EmeTnl 1.00 13 18 0.42 NS
P10 uninfected 0.97 10 14 0.42 NS
P11 w EmeTnl 0.98 23 20 0.53 NS
P12 w EmeTnl 1.00 4 3 0.57 NS
P13 w EmeTnl 1.00 18 21 0.46 NS
Kinki-2 h4 uninfected 0.89 7 4 0.64 NS
h5 uninfected 0.86 5 2 0.71 NS
h6 uninfected 0.94 8 6 0.57 NS
h7 uninfected 1.00 10 7 0.59 NS
Kinki-4 h1 uninfected 0.79 12 5 0.71 NS
h2 uninfected 0.95 11 11 0.50 NS

1) by binomial test *: p<0.05, **:p<0.01, **: p<0.001, NS:p>0.05



Table 3-1-6. Fate of successive eggs batches laid by a w EmeTn2 infected female of Z.

emelina with tetracycline treatment from day 2 to day 4

Day of Eggs Adults emerged
oviposition laid hatched unhatched females males
1 37 19 18 13 0
2 ; . i - -
3 34 17 7 11 0
4 14 7 7 4 0
5 36 31 5 6 8
6 22 22 0 4 13
7 9 9 0 4 5
8 15 14 0 7 2
9 9 9 0 6 2
10 5 5 0 2 1
11 - -

—
N

a1

a1
(e}

W

—




Table 3-1-7. Observation of sex chromatin obtained by a w EmeTn2 infected

female of Z. emelina with tetracycline treatment from day 2 to day 4

Day of Phenotypic female Phenotypic male

L sex chromatin sex chromatin  sex chromatin sex chromatin
oviposition

+ - + -

1 2
2
3 6
4 2
5 1 3
6 1 4
7 1 2
8 2
9 1
10 2
11

—_
N




Table 3-2-1. Sexual phenotype of genitalia obtained by adult
and pharate adult females of Z. emelina infected and
uninfected with the two strains of Wolbachia collected in the

Kinki-1 population

No. of individuals Sex
(No. of mothers)  male sexual  female
mosaic

Adult
in 2005

w EmeTnl1 15 (5) 6 - 9

w EmeTn2 10 (5) - 1 9
uninfected 12 (3) 7 - 5
in 2011

w EmeTn2 25 (1) - 16 9
Pharate adult
in 2005

w EmeTnl1 1(1) 1

w EmeTn2 9 (5) - 5 2
uninfected 2(2) - - 2
in 2009

w EmeTn2 2 (1) 0 2 0

Total 74 (15) 14 24 36




Table 3-2-2. Developmental stage at death and presence and absence of each genital apparatus in eight sexual mosaic offsprings obtained from females

infected with w EmeTn2 Wolbachia in Z. emelina

. Male organ Female organ
Mother's
Individual ] Developmental IX IX IX+X
Number Wolbachia stage at death hysi ill
u apophysis apilla
strain 8 phallus vinculum  valva socius falx lamella Pop ,y ) pap )
posterioris analis
S113-1 wEmeTn2  pharate adult + +* ++ - - + +
S5123-1 w EmeTn2 adult - + + - - + +
5123-2 wEmeTn2  pharate adult + + ++ - - - + +
S113-2 wEmeTn2  pharate adult + + ++ - - - - +
S113-3 wEmeTn2  pharate adult + + - - - + +
5123-3 wEmeTn2  pharate adult + + - - + + +
T101-1 wEmeTn2  pharate adult + + ++ - - - + n
T101-2 wEmeTn2  pharate adult + + ++ - - - + +

+; observed, ++; more than two pairs of apparatuses observed, -; not observed.

*; the vinculum appeared inside the body and was possible to be duplicated (see text).



Table 3-3-1. Collected individuals of Z. emelina for crossing experiments from the Kinki-1 and Kinki-2 populations

Population Main larval food plant Landscape Month of sampling Female Male

Kinki-1 T. repens DL sp.3 glassland June Jul. and Aug. 2011 10 41
May 2012

Kinki-2 L. japonicus ridge of pond Aug. 2011 5 7
June 2012

Total 15 48

1) Minohara et al. (2007)

2) Takei (2005)

3) This species had both L. japonicus and L. corniculatus 's charactelistics



Table 3-3-2. Egg hatchability, larval survival rate and sex ratio of offspring produced by
crossing combinations of two strains of Wolbachia -infected and uninfected Z. emelina in the
Kinki-1 and Kinki-2 populations

Crossing combination . Larval Sex mosaic
Hatchability ) Female rate t
(Mother x Father) survival rate t
wEmeTn1-infected x wEmeTn1-infected
T238-2 x T256 0.96 (157)  0.79 (149) 0.46 (109) 0 (109)
T238-3 x T257 0.93 (148)  0.86 (107) 0.63* (92) 0(92)
T298 X T310 0.74 (95) 0.93(70)  0.41 (54) 0 (54)
wEmeTnl-infected x uninfected
T246-1 x Y223 0.48 (54) 0.86 (25)  0.57 (21) 0(21)
T246-2 x Y224 0.19 (27) 0.25 (4) 0.00 (1) 0(1)
T290-1 x Y230 0.91 (205)  0.92(187) 0.51 (168) 0 (168)
T290-2 x Y231 1.00 (135)  0.99 (130) 0.51 (130) 0(0.51)
wEmeTn2-infected x wEmeTnl1-infected
T220-1 x T229 0.63 (113)  0.79(72)  1.00%*(57) 0(57)
T220-2 x T231 0.68 (225)  0.67 (134) 1.007*(90) 0 (90)
T220-5% < T255 0.71(334)  0.76 (217) 0.98"* (165) 0.02 (165)
T220-6% x T278 0.81(133)  0.63 (105) 0.87**(69) 0.12 (69)
T220-7% x T279 0.66 (156)  0.81(96)  0.91%*(78)  0.08 (78)
T241-2 x T268 0.14 (35) 1.00 (4) 0.75 (4) 0.25 (4)
T241-3 x T269 0.82(293)  0.63 (207) 0.85**(130) 0.15 (130)
wEmeTn2-infected x uninfected
T241-1 x T253 0.51 (89) 0.65(41)  0.89***(28) 0.11(28)
T220-4 x T254 0.84 (186)  0.50 (86)  0.88"*(43)  0.09 (43)
T220-3 x Y222 0.67 (186)  0.48 (106) 1.00**(51) 0 (51)
uninfected x wEmeTn1-infected
T217-1 x T226 0.98 (208)  0.92 (163) 0.56 (150) 0 (150)
T217-2 x T227 0.96 (128)  0.95(121) 0.49 (117) 0(117)
T217-3 x T228 0.96 (250)  0.91 (223) 0.52 (203) 0(203)
T218-1 x T230 0.98 (151)  0.92(144) 0.44(132) 0(132)
T218-2 x T232 0.99 (118)  0.93(95)  0.50 (88) 0 (88)
T219-1 x T233 0.97 (154)  0.80(139) 0.53 (110) 0 (110)
Y215-2 x T262 1.00 (111)  0.83(102) 0.58 (85) 0 (85)
Y215-3 x T263 0.92 (76) 0.95(65)  0.52(62) 0 (62)
uninfected x uninfected
T217-4 x T234 0.95(225)  0.91(193) 0.48(176) 0(176)
T217-5 x T235 0.98 (269)  0.86 (240) 0.51 (216) 0 (216)
T294-1 x Y232 0.88 (118)  0.99 (118) 0.56 (117) 0(117)
Y215-1 x Y225 0.97 (88) 0.87 (78)  0.48 (68) 0 (68)

The first letters “T” and “Y” indicate the collection sites, the Kinki-1 and Kinki-2 population,
Female rates were analyzed by binomial test *: p <0.05, ***: p <0.001

Egg hatchabilities and viabilities are given with total numbers of eggs and larvae in

Not all of laid eggs were used for the experiment and total numbers were inconsistent because
of accidental death.

t It is including individuals which died during pharate adult stage

1 Hybrids between the Kinki-1 and Kinki



Table 4-1. Collected individuals of Z. emelina for genetic analyses from 14 populations in Japan and two populations in Korea

Location Main larval food plant Landscape Month of sampling Females Males
Kanto-1 L. japonicus, T. repens ! glassland Sep. & Nov. 2007 10 0
Kanto-2 L. japonicus , T. repens ! meadow, glassland Sep. 2007 5 0
Kanto-3 L. japonicus, T. repens ! seashore Nov. 2007 1 0
Kanto-4 L. japonicus riverbank Sep. 2011 5 2
Chubu L. japonicus riverbank Oct. 2011 1 1
Kinki-1 T. repens >, L. sp.* glassland Aug. Sep. Oct. & Nov. 2004 41 33
Apr. Oct. & Nov. 2007
Jun. Jul. & Aug. 2009
Kinki-2 L. japonicus 3 ridge of pond Jul. 2007 10 4
Aug. 2010
Kinki-3 L. corniculatus * glassland Jul. & Aug. 2006 14 7
Apr. 2007
Kinki-4 L. japonicus ° ridge of pond Oct. 2006 17 16
Jul. 2007
Aug. 2010
Kinki-5 L. japonicus > ridge of paddy field Aug. & Oct. 2006 2 3
Shikoku L. japonicus riverbank Jul. 2012 10 0
Kyushu-1 L. japonicus riverbank Nov. 2011 1 0
Kyushu-2 L. japonicus glassland Sep. 2010 6 1
Kyushu-3 L. japonicus Jun. 2001 0 2
Korea-1 L. japonicus, T.repens, glassland Aug. 2012 10 2
Kummerowia stipulacea, K.
striata
Korea-2 glassland Aug. 2012 4 0
123 69
1) Suzuki (2007)
2) Minohara et al. (2007)
3) Takei (2005)

4) This species had both L. japonicus and L. corniculatus's charactelistics



Table 4-2. Eight haplotypes and nine variable sites obtained from analyses of ND5 (832bp) and COI (658bp) regions in
mitochondrial DNA in Z. emelina

variable site : ND5 region COI region

Haplotype 121 188 654 688 789 235 469 470 535
I A T C G G T G G G

I A T T G G T G G G

I A T C A G T G G G

1Y G T C G A T G G A

Vv A T C G G T A G G

VI A T C G G C G G G
VII G C C G A T G G A
VIII G C C G A T G A A

1) The number indecates the location of 3'-end of sequences in each region.

(not including primers)



Table 4-3. Genetic diversity of mitochondrial haplotype within populations
in Z. emelina

Population No. of Nucleotide Haplotype Haplotype

individuals _diversity diversity
Kanto-1 10 0.000000 III 0.000
Kanto-2 3 0.000000 III 0.000
Kanto-3 1 0.000000 III 0.000
Kanto-4 7 0.000000 I 0.000
Chubu 2 0.001342 V, VI 1.000
Kinki-1 40 0.000726 LIL IV 0.344
Kinki-2 14 0.000096 L1I 0.143
Kinki-3 21 0.000767 I IV 0.381
Kinki-4 25 0.000000 I 0.000
Kinki-5 4 0.000000 II 0.000
Shikoku 10 0.000000 I 0.000
Kyushu-1 1 0.000000 IV 0.000
Kyushu-2 7 0.000000 IV 0.000
Kyushu-3 2 0.000000 IV 0.000

Total 137 - 6 -




Table 4-4. Six haplotypes and eight variable sites obtained from analyses of Tpi (355-360bp)

region in nuclear DNA in Z. emelina

variable site : Tpi region
Haplotype 52 196 213 246 247 248 249 354

A A

m o N
>0 > 00
> > > >

C A T A

o000 » 0
Q>0 » > »

F G -

[68)

1) The number indecates the location of 3'-end of sequences in each region. (not including

primers)



Table 4-5. Genetic diversity of nuclear haplotype within populations in Z.

emelina
No. of .
individuals lecleo’flde Haplotype He.lplot}'lpe
diversity diversity
(No. of alleles)
Kanto-1 10 (10) 0.001315 A, D (+F) 0.467
Kanto-2 5(5) 0.001690 A, D (+F) 0.600
Kanto-3 1(1) 0.000000 D 0.000
Kanto-4 4 (4) 0.000000 D 0.000
Chubu 1(1) 0.000000 D 0.000
Kinki-1 28 (28) 0.001461 A, B 0.519
Kinki-2 10 (10) 0.000563 A, C 0.200
Kinki-3 14 (14) 0.001486 A, B 0.528
Kinki-4 17 (17) 0.002858 A, B, C (+E) 0.618
Shikoku 10 (10) 0.002629 B, C 0.467
Total 94 (94) - 4 -

1) The number of individuals with each of the haplotypes



Table 4-D-1. Analysis of molecular variance (AMOVA) of mitochondrial and nuclear haplotypes in Z. emelina

df Sumof  Variance of % Fo p*
squares __components
Frequency and the number of different bases
Mitochondrial DNA (ND5 +COI)
Among populations 5 75.24 0.78 72.68 0.73 <0.001
Among individuals within populations 114 33.46 0.29 27.32
Total 119 108.63 1.07
Nuclear DNA (Tpi)
Among populations 5 18.28 0.23 43.04 0.43 <0.001
Among individuals within populations 83 25.75 0.31 56.96
Total 88 44.02

*After 10,000 random permutations.



Table 4-D-2. Population pairwise F gr-values based on the frequency and the number of

different bases in Z. emelina

Kanto-1 Kinki-1 Kinki-2 Kinki-3 Kinki-4 Shikoku
Kanto-1 - 0.765 ***  0.956 ***  0.773**  1.000 *** 1.000 ***
Kinki-1 0.583 *** - 0.758 *** -0.031 0.739 *** 0.680 ***
Kinki-2 0.792 ***  (0.701 *** - 0.774 % (0.945 *** 0.910 ***
Kinki-3 0.606 *** -0.046 0.737 *** - 0.768 *** 0.681***
Kinki-4 0.504 *** 0.116 * 0.420 ** 0.086* - 0.000
Shikoku 0.588 ***  (.439 *** 0.115 0.421 ** 0.088 -

*1 P<0.05, **: P <0.01, ***: P <0.001, after 100,000 random permutations

Upper: mitochondrial DNA

Lower: nuclear DNA



Table D-1. Relationship between oviposition preferences

and mitochondrial and nuclear haplotypes in Z. emelina

No. of individuals

DNA Haplotype Preference Preference
of L. spp. of T. repens
All populations
mitochondria I 15 1 2
II 7 0 0
11 8 2 2
v 6 4 7
\Y 0 0 0
VI 1 0 0
nuclear A 5 4 2
B 6 1 4
C 16 1 0
D 3 1 1
E 1 0 0
F 3 1 0
Kinki-1*
nuclear A 2 4 2
B 1 1 4

* A significant difference was not observed in the

oviposition preference between nuclear haplotypes (p <0.05

by Fisher’s exact test).



Table D-2. The HKA test for mitochondrial and Z-chromosomal polymorphism within Z. emelina and divergence between Z. emelina and Z. otis .

Kinki-1
o Kanto-1, 2 and 3 . .
Total individuals . . (infected with w EmeTn1
(infected with w EmeTn2)
and w EmeTn2)

Kinki-4 (uninfected)

mtDNA Nuclear DNA mtDNA Nuclear DNA mtDNA Nuclear DNA mtDNA Nuclear DNA
ND5 + COI Tpi ND5 + COI Tpi ND5 + COI Tpi ND5 + COI Tpi
Intraspecific polymorphism
No. of alleles 141 103 13 16 40 28 25 17
Segregating sites (obs*) 7 3 0 1 4 1 0 2
Segregating sites (expt) 6.55 3.45 0.64 0.36 3.43 1.57 1.22 0.78
Total number of sites} 1490 352 1490 352 1490 352 1490 352
Interspecific divergence
No. of differences (obs*) 28.68 6.30 30.00 4.63 27.45 5.50 29.00 5.47
No. of differences (expt) 29.13 5.85 29.36 5.26 28.02 4.93 27.78 6.69
Sum of deviation q 0.11 1.74 0.32 3.10
P value 0.74 0.18 0.57 0.08
*Observed value.
tExpected value.

tNucleotide sites containing alignment gaps were excluded.
{The effective population sizes of the mitochondrial gene (ND5 +COI ), the Z-choromosomal gene (Tpi )were corrected.
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Fig. I. The map of distribution closed circles of Z. emelina in Japan drawn from Editorial staff of Cho-ken Salon
(2005) and Mano and Fujii (2009) etc. The blue, red and black points indicate extant, extinct and data deficient.
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Fig. 1-1-2. Seasonal change in numbers of adults of Z. emelina in the Kinki-1 population in 2009.
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Fig. 1-1-3. Cumulative rate of larval and pupal molts in Z. emelina collected from the Kinki-1
population in 2009 under 16L-8D and 12L-12D conditions at 25 "C.

E: egg, I-VI: larval instars, P: pupa. A: adult
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Fig. 1-1-4. Incidence of larval diapause of Z. emelina collected from the Kinki-1 population in 2008
and 2009, reared under different photoperiods at 20 and 25 °C.
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Fig. 1-1-5. Cumulative rate of larval and pupal molts in Z. emelina collected from the Kinki-1

population in 2009 under different photoperiodic conditions at 20 "C.
E: egg, I-VI: larval instars, P: pupa. A: adult
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Fig. 1-1-6. Cumulative rate of larval and pupal molts after trasfer to 25 *C-16L-8D in Z. emelina
a: Larvae were reared in 20°C-12L-12D for 2 months.
b: Larvae were reared in 20°C-12L-12D for 2 months and chilled at 10°C for 2 months.

M1 first Iraval molt after transfer, M2: second larval molt after transfer, P: pupa, A: adult



Fig. 1-2-1. A facility and equipments for mating in Z. emelina. a: Cylindrical nets, b: A rearing
tent, c: A glasshouse in the Kashihara City Insectalium, d: A large-size cage
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Fig. 1-3-1. Larval periods of Z. emelina on the two host plants fed groups in offspring obtained from four
populations, Kinki-1, Kinki-2, Shikoku and Kyushu-1. The numbers in parentheses are the number of females.
Box: 25th-75th percentile, line in the box: median, whiskers: minimum and maximum. Box plots with same letter
are not significantly different at 5% levels by Steel-Dwass test.

1) Three females obtained from cross experiments are included.

2) A female obtained from cross experiments are included.
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Fig. 1-3-2. Pupal weights of Z. emelina on the two host plants fed groups in offspring obtained from four
populations, Kinki-1, Kinki-2, Shikoku and Kyushu-1. The numbers in parentheses are the number of females.
Box: 25th-75th percentile, line in the box: median, whiskers: minimum and maximum. Box plots with same letter
are not significantly different at 5% levels by Steel-Dwass test.

1) Three females obtained from cross experiments are included.

2) A female obtained from cross experiments are included.
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Fig. 1-3-8. Larval periods for the four cross combinations on the two host plants fed groups. The numbers in
parentheses are the number of broods tested for each combination. Box: 25th—75th percentile, Line in the
box: median, Whiskers: minimum and maximum. Box plots with same letter are not significantly different at
5% levels by Steel-Dwass test.

1) Ten broods obtained from field-collected females are included.

2) Three broods obtained from field-collected females are included.
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Fig. 1-4-1. A petri dish and host-plants for investigating
adult oviposition preference of Z. emelina.

Left: T. repens Right: L. corniculatus Center: sucrose-
saturated paper
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Fig. 1-4-2. Oviposition rate of Z. emelina for T. repens in field-collected females from Kinki-1 and Kinki-2
populations.
*: significantly different by Mann-Whitney U test
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Fig. 1-D-1. Photothermograph for Z. emelina at Kinki-1 City in 2009. Roman figure indicates month. CP:
critical photoperiod for inducing 4" instar larval diapause, A: adult. E: egg, L: larva, P: pupa.
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Kinki-1 population in 2009. CP: critical photoperiod for inducing 4th instar larval diapause.
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Fig. 2-1-1. Number of field-collected males of Z. emelina in the Kinki-2 population classified by their mating
behavior for Kinki-1’s females.

Alphabets A-C indicate the levels of freshness in alphabetical order.

++ : Males trying to copulate more than once, + : Males trying to copulate once, - : Males not trying to copulate.
*: significantly different by Fisher’s exact test
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Fig. 2-1-2. Number of field-collected males in the Kinki-1 population classified by their mating behavior for Kinki-
2’s and hybrid females.

Alphabets A-C indicate the levels of freshness in alphabetical order.

++ : Males trying to copulate more than once, + : Males trying to copulate once, - : Males not trying to copulate.

*: not significantly different by Fisher’s exact test
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Fig. 2-1-3. Number of field-collected males of Z. emelina in the Kinki-1 population classified by their mating
behavior for hybrid females.
Alphabets A-C indicate the levels of freshness in alphabetical order.

++: Males trying to copulate more than once, +: Males trying to copulate once, - : Males not trying copulate.
*: significantly different by Fisher’s exact test
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Fig. 2-1-4. Number of field-collected males of Z. emelina in the Kinki-2 population classified by success of failure
of copulations for Kinki-1’s females.

Alphabets A-C indicate the levels of freshness in alphabetical order.

*: significantly different by Fisher’s exact test
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Fig. 2-1-5. Number of Z. emelina field-collected males in the Kinki-1 population classified by success or failure of
copulations for Kinki-2’s and hybrid females.

Alphabets A-C indicate the levels of freshness in alphabetical order.

*: not significantly different by Fisher’s exact test
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Fig. 2-1-6. Number of field-collected males of Z. emelina in the Kinki-1 population classified by success or failure
of copulations for hybrid females..

Alphabets A-C indicate the levels of freshness in alphabetical order.

*: not significantly different by Fisher’s exact test



Fig. 2-2-1. Examples of closed wing models for mating behavior experiment. a: a female of Z. emelina, b: a male of Z.
emelina, c: a sealed female of Z. emelina, d: a sealed male of Z. emelina, d: a female of P. maha, f: a male of P. maha.
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Fig. 2-2-2. Number of responses for each model in flying males of P. maha in crop field of the OPU on 26th
September, 2010.
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Fig. 2-2-3. Number of responses for each model in flying males of Z. emelina in the Kinki-1 population on 6th October,
2010
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2010.
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Fig. 2-2-6. Duration of copulation attempt for male and female models in flying males of Z. emelina in the Kinki-1
population in 2010.
*: significantly different by Mann-Whitney U test
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Fig. 2-3-1. Cumulative rate of larval and pupal molts in hybrids between Z.emelina and Z. otis in
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Fig. 2-3-2. Larval periods of individuals reared on L. japonicus, T. repens, M. lupulina and Lespedeza striata fed
groups in Z. emelina, Z. otis and their hybrid offspring. Means followed by the same letter are not significantly
different at 5% levels by Tukey-Kramer test (p>0.05).

1) All individuals died in larval stage.
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1) All individuals died in larval stage.



Z. emelina F1 hybrid Z. otis

Fig. 2-3-4. The undersurface of male wings in Z. emelina, Z. otis and their F1 hybrids.
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Fig. 2-3-5. The uppersurface of male wings in Z. emelina, Z. otis and their F1 hybrids.



Fig. 2-D-1. A photograph of the undersurface of wings in visible (upper)
and ultraviolet (under).
a, b: Z. emelina, ¢, d: P. maha, a, c: male, b, d: female
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Fig. 3-1-1. Phylogenetic tree of B-group of Wolbachia based on the wsp gene with
outgroup of A-group Wolbachia form Drosophila melanogaster (AF020064). The tree
was constructed by NJ methods. Bootstrap values of less than 50% are not shown.
Wolbachia strains are given as their host species names.

Fem: Feminization MK: Male-killing CI: Cytoplasmic incompatibility
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Fig. 3-1-2. Phylogenetic tree of the B-group of Wolbachia based on the ftsZ gene
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was constructed by NJ methods. Bootstrap values of less than 50% are not shown.
Wolbachia strains are given as their host species names.

Fem: Feminization MK: Male-killing CI: Cytoplasmic incompatibility



1.00

0.80

0.60

Rate

0.40

0.20

0.00

—@— Hatchability
—=— Female rate

Days after start of oviposition

Fig. 3-1-3. Female rate and hatchability of successive eggs batches laid by a wEmeTn2-infected female of Z. emelina
with tetracycline treatment from day 2 to day 4.



Fig. 3-1-4. Sex chromatin of malpighian tubule cells, stained with lactic acetic orcein in Z. emelina.
a: a male obtained from the uninfected female, b: a female obtained from the infected female
Arrows: W chromatin bodies.



Fig. 3-2-1. Internal and external genitalia of Z. emelina. Red and
blue arrows indicate ovaries and valvae, female and male
characteristics, respectively.



Fig. 3-2-2. External genitalia of Z. emelina (a): S113-1, (b): $123-2, (c): $123-1,
(d)(e): a normal female, (f): a normal male, (a)(b)(e): in ventral view, (c)(d)(f): in
right lateral view, VL: valva, SC: socuis, FL: falx, PH: phallus, VN: vinculum,
PA: papilla analis, LM: lamella, AP: apophysis posterioris
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Fig. 3-3-1. Hatch, larval survival and sex mosaic rates of successive egg batches laid by T220-offspring females
of Z. emelina infected with wEmeTn2.

T220-3, 4, 5, 6 and 7 were hybrids between Kinki-1 and Kinki-3.
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Fig. 3-3-2. Hatch, larval survival and sex mosaic rates of successive eggs batches laid by T241-offspring females
infected with wEmeTn2.
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Fig. 4-1. Maximume-likelihood phylogeny on the basis of the mitochondrial
ND5+COI gene sequences (1490 aligned nucleotide sites) of Z. emelina. The roman
tigures (I-VIII) indicate each different haplotype. Z. otis was used as outgroup.
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Fig. 4-2. Haplotype network on the basis of the ND5 + COI gene sequences (1490 bp) of Z. emelina. A network with
95% connection limit is shown, where the size of each of the circles reflects the number of individuals with each of
the haplotypes, respectively. Each haplotype is shaded according to the proportion of individuals classified by
collection site.
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Fig. 4-4. Haplotype network on the basis of the Tpi gene sequences (355-360 bp) of Z. emelina. A network with 95%
connection limit is shown, where the size of each of the circles reflects the number of individuals with each of the
haplotypes, respectively. Each haplotype is shaded according to the proportion of individuals classified by
collection site.
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Fig. D-1. Haplotype network on the basis of the ND5 + COI gene sequences (1490 bp) of Z. emelina. A network with
95% connection limit is shown, where the size of each of the circles reflects the number of individuals with each of
the haplotypes, respectively. Each haplotype is shaded according to the proportion of individuals classified by
Wolbachia infection status.
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Fig. D-2. Haplotype network on the basis of the Tpi gene sequences (355-360 bp) of Z. emelina. A network with 95%
connection limit is shown, where the size of each of the circles reflects the number of individuals with each of the
haplotypes, respectively. Each haplotype is shaded according to the proportion of individuals classified by
Wolbachia infection status.
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Fig. D-3. Relationship between genetic differentiation Fst and geographical distance among
populations in Honshu, Japan. Geographic distance was measured as a straight line distance
between sites. Each point represents a pair of populations. Solid lines indicate logarithmic
regression lines between Fst and distance. Separated and not separated by sea are shown as
open and closed plots.

a: mitochondrial genetic differentiation, b: nuclear genetic differentiation
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Fig. D-4. The map of evergreen broad-leaved forest zones (shaded) and distribution of Z. emelina (closed circles ) in
Japan drawn by Editorial staff of Cho-ken Salon (2005) and Mano and Fujii (2009). The blue, red and black closed
circles indicate extant, extinct and data deficient.



Modified from Yasuda (1980)
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Fig. D-5. The paleogeographic map and transition of the evergreen broad-leaved forest zone (shaded) after the last
ice age.
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Fig. D-6. An evolutionary hypothesis on the spread of Z. emelina by estimation from the results of DNA
haplotypes in the formation process of the Japanese Archipelago with postglacial warming.



Fig. D-7. Conservation units for Z. emelina in Japan. Each color indicates the different unit.
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Appendix 1. A maternal tree of T220 collected from the Kinki-1 population.

Square and circle indicate female and male, respectively.

The first letters “T” and “Y’ in male indicate the collection sites, the Kinki-1 and Kinki-2 populations, respectively.
Blue, red and black indicate wEmeTnl-infected, wEmeTn2-infected and uninfected individuals, respectively.
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Appendix 2. A maternal tree of T217 collected from the Kinki-1 population.

Square and circle indicate female and male, respectively.

The first letters “T” indicates the collection site, the Kinki-1 population.

Blue and black indicate wEmeTn1-infected and uninfected individuals, respectively.
Dashed line indicates “not examined” about Wolbachia infection.
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Appendix 3. Maternal trees of T241 and T238 collected from the Kinki-1 population.

Square and circle indicate female and male, respectively.

The first letters “T” indicates the collection site, the Kinki-1 population.

Blue, red and black indicate wEmeTn1-infected, wEmeTn2-infected and uninfected individuals, respectively.
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Appendix 4. A maternal tree of Y215 collected from the Kinki-2 population.

Square and circle indicate female and male, respectively.

The first letters “T" and Y’ in male indicate the collection sites, the Kinki-1 and Kinki-2 populations, respectively.
Blue and black indicate wEmeTnl-infected and uninfected individuals, respectively.

Dashed line indicates “not examined” about Wolbachia infection.
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Appendix 5. Maternal trees of T246 collected from the Kinki-1 population.

Square and circle indicate female and male, respectively.

The first letters “T” and “Y” in male indicate the collection sites, the Kinki-1 and Kinki-2 populations, respectively.
Blue and black indicate wEmeTn1-infected and uninfected individuals, respectively.

Dashed line indicates “not examined” about Wolbachia infection.
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Appendix 6. Maternal trees of T218, T219 and T294 collected from the Kinki-1 population.

Square and circle indicate female and male, respectively.

The first letters “T” and “Y’ in male indicate the collection sites, the Kinki-1 and Kinki-2 populations, respectively.
Blue and black indicate wEmeTnl-infected and uninfected individuals, respectively.

Dashed line indicates “not examined” about Wolbachia infection.



