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TR LG BT 5 2 LN TERWD, &Ll
THATD 2 DOBIEAT — VT EIERERICE 22 LS ETE T,
AT, AT A BRI Lo Tl 1) BUC ko TR NER
D REBA 2) KIS THE -2 ETN KB 3) EACL > THF
BT T HEDEA 4) MBS E2RIETAEEA 5) BHipIcHE T
PIEIZN D BHHAT D 5 DI bivd, BEA Tk, BiE & LR
. OB, 3R, AE. TVEMMLNATRY,. 2S5 0EWIC X B EUh
21, B SN DR WA (RAZRE) OB HE SN, B0
HPETONTEMEINDEEMEFHME., HESNDIHETFDOWNL 620
R S TR RIS HUMN S D B~k LAURE 80 O 2 S DRk &
Do

7 VN X AHEHA (myrmecochory) (%, 80 F} 3000 FELL DAY CTHERE
ENTEY ., < OMHMBEE OZERMEEOREZER L L CHEEREE ZH -
TU % (Beattie and Culver 1982, Gémez and Espadaler 1998a, Beattie and Hughes
2002, Fenner and Thompson 2005), i {-#fi% 7 U (K79 2 Rkl L /-4
Wy OFE CTIXE R A NS DI, HAE THLT U ~O®HENE LT,
Y OREIZTE L BEAFROBRVWZ T A F Y — LB HELTWVD
(Kjellsson 1985, Brew et al. 1989, Lanza et al. 1992), =5 A A Y — LT3 A
LAV EDT ) Aol T 0MENREENTEY ., 7 VITHE 7 2 BAIZE

MLk, =944 Y220 zEREL, B ARERZEETRANETS



(Culver and Beattie 1978, Davidson and McKey 1993), F£7=. RH O E &2 F
EROWRR L AET MO —HOMEDOHE 6, T VIZX o THEBROHAm %
b, —H., TIAFY =L EOT VIZHT HHME S 7272 WY OFE
T, 7uaF AT VIE (Messor) O X5 RBEREMEOIFET U LMD T Y
IZ ko TEf S, BNERLMEE AR ALND, 205G, 7 VIFHET
EME L CERT 70, ERINTLHEAITZIT VI TEREIND D,
BAREINTEHEA-PEBET ISR E SNEE AR ROICEm SN Z &I
25 EB 25TV S (Ashton 1979,Crist and MacMahon 1992, Beattie and
Hughes 2002, Retana et al. 2004) , £ ~<F% URFE -8 Tl &Eff S vzl
DRIBAYNT VIZE > THESNLLHDOT, EFOEENKE L, BHMEIT
JEARERBARICH TR EEZEZ DN TN S,

TUVICEDEFBMAOBERIIOWVWTIE, UTO X ) 23 F I EREHL 2
EETW5D, 1) R (Heithaus 1981, Gibson 1993a) : f& 11X 7 U
ICHEIEND ZEIC Lo T, BREAL COMANSEND Z LN TE D, 2)
IR A A EREREE (Higashi et al. 1989) : FE X7 VICEEIN D Z Lk -
THRAEMOBTFHOBFELETHZ N TE S, 3) BFFEHEE(E (Handel
1978) : ffE DY L WA HiEE A2 52 & T, MEHESZRRTX 5, 4)
B7 K [EBE R (Berg 1975, Yeaton and Bond 1991) : Bp kN BEZC R AT 5 &
MR TR, TV ORIGEREIND Z Lo THTOBEREZERTE 5,
5) 7 VU B A5 (Davidson and Morton 1981, Beattie and Culver 1983) :
TYVORO LEILT U BNRAER T SRR S Ko THERBSICE

TRV, BEEINTHETFORFRBEIOCREDEFENEE D, 6) 7V HATF



JEGAFRER (Gibson 1993b) = 7V OBEMBELND K 9 RGFIEF v v 7D
EORMEMNPRBNGHITHDLTeD, BFELEELEADAFEERRE N, 1) T
U B EE (Gibson and Good 1987, Levey and Byrne 1993) : 7 U o L
HARRRE FTICESND Z ENE N0, BARA SN 113 s R E
EDELFREDPE, 8) WM HRKFL (Gibson 1993b) : ZEXoTHD L
N DRSITILERIRE DR FEF I L 72RS TH D,

IO DORFIFEWICHH TR, HAEL T VL 2B D E
HEMPTX D AMNEV (Gémez and Espadaler 1998b), L2>L., Z# 5
DGR O I, BB CTRAOEREF 20 bH D . AARR
EORMAITIEH TEELREIIR OGN TS D2 b d, 7o, ZhbD
R DIFE AN ENZTAFY — LA RO O F B 78R ORI L -
TREINTEHDTHLN, B LA FBAOERIZIIND DRFIZ X
S TR STV A2 T, FEERITERMIZH b DT 720,

B LR Tk, P BmE s E T HERE Thbd o0, T
M O 7 EW, ik, R, MTrEEREOITHNEFOEM L
WETHERERERERD, B LUEFBAAOBEICNEREA L NICT
H70iE, 2O O BAEDOITENEFOEMICED X D ITHET D
MR T 2 L ERH D, L, FEERIC XM DOHKRE, BER
IR IR & Z TR T 1T 72 <L Bk U7 80 O Hem 2h R &
AHMEL. 7 VIS K D2 B U AR OB B A MY LI RIXIE L A L
VY,

a2 =% 7 Chamaesyce maculata (L.) Small (k7 %A 7HF) 1L, /&



a2 R< AARSEIC A L (B 2001), KHIo BEEFC M OB 72 & BT
LA S EWBICHADBND —HFERTHDH, A= F Y VO FIZITTT A
A=A, BB MEECAES - E T HEE B Lo T
B SN DM, B rEEHgECAES N B HTEBE S ST, 7

VICKDFEFBANA LI, FHEHICE > TEHAKEXNN 7225 (Suzuki and
Teranishi 2005), L7225 T, 2=F% Y U TIET U LOMEEEANALN
DI & B DRV S 0 . FEI] T T IO TR O R & Lk
THZET, TVICLHAEFHAMOMECERAMRAT 5 L NAETHD &
Exbhd,

ARFETIE, 2=V O T2 EET 57 U O 7-El, 1k,
FrRE MrEERloT#cEAL, 2= Yo7 VICL D #
MORMEEZRIAL, 2=F Y UL TOT VIZ L DG U8B
DEFRICOWVWTELR L, 2, 7TV FHEFKXICTEREL, 7UHRa=
VRV UOHE A ER T HEBICONWTHEBEE LT,

W2 ETIL., HEETEAAE T VICL A A0 L2 T~ F=EIC L
D722 2 DO FHUAIRRE b OAERBRENERICOVWTERE L, EI3E
TlE, 2=vF Y UDOMEFZEMRT D5 A 2 UT U Tetramorium
tsushimae Linnaeus & 44 X7 U Pheidole noda Smith. F.OFE 1 3E " 1
B EOITENFEEZMT L, 2= F Y UORMBAAIZEIT 5 20T U0
B R 2R Uiz, 554 T T, 7 VIS X BT & E O PR H
AR OB O BEEIC L > TRF SN 1 & 2728 7 1ot

T57 Y O EBATEN 2P~ BATATE RIS 57 U o&REICOW



TEZLEL, F5ETIE, 7V OHEFERITHNCBIT2a =% Y U+
KEVWEONFREHTS, 7V Ra=F VO 2@ KT 52HABICONT
BT, FOETIE., TRNHDORRICE ST, a=vF Y UIZBITLTY
LT BAADOERETVICE > TOM T OAMEIZ DWW TREMIZE L L
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FT2E FBEHICL-oTRLRZa= XY VOBFHAERX

B
)

2 FEH O WA A& =X (Diplochory :Vander Wall and Longland 2004) % % -DHE%)
DI FFATICHOWVWTIE, ZHETIZEZ L OFENR RSN TE 7 (Beattie and
Lyons 1975, Roberts and Heithaus 1986, Kaspari 1993, Levey and Byrne 1993,
Ohkawara and Higashi 1994, Pizo and Oliveira 1999, Bohning-Gaese et al. 1999)
INOOMIETIR, bOFMHMICAEESINTBTRN—ERmIN®%, FLZE
I F 72 2 WA R OB S 4L (ki) . —IRBAAHFILT VETH
- 7= (Roberts and Heithaus 1986; Pizo and Oliveira 1998, Béhning-Gaese et al.
1999, Passos and Oliveila 2002), —J7. ¥&72 2 ZFHiIZAE S LTl 723 572
D HIETHAT SN DML, 2 E THENZR,

a=FVUE, EAKRTIZ 6 AND 10 AT THRAENHBLT S, &
T OFF @M (K 30CHH 35C) #%4 % Z & (Baskin and Baskin 1979)
LSk, =% Y U OREFORIREMIZA LIS Ty, 6 HICHE
Lo BRI AR L, WEMOREBRE 2T 5 & RIREICF M2 %
7 ARG 11 AR E TI772 9 (Suzuki and Teranishi 2005; Suzuki and
Ohnishi 2006) , EWICAFE SN FIIKRIRICA S TRET L0, —F0
D BICHEEMARNEE L THET D (HHATIERK 3 #R) (Suzuki and
Teranishi 2005), & Z T, Jt. /K. RED. 2 %20 <o TH T HR LA 4l

I THLWEBR N EZ D Z e TFREIND, LEh-> T, BEf#fMmid=a=



VXY U OBEFRINCHEFICEE CTH Y, RO EET 2 E A E S
NI OBAMIEETH D,

A= FR Y UOREFIIT T ALY —AiF 72 <. BHEVE 74 (autochory)
ET VI K BFE - #AA (myrmecochory) @ 2@V OFE AN H 5
D5 (SFPE 2001), 15 O AR OZRENC X 2 R4 & FE o) BB IR
HEINTWHW2RY, ZZ T AETIIZINOLDO 08 Y O FBAMk=NZ 4 L.,

TNHOHEISHERE B LT,

MEtEB KOG

B BhiE 7 #OfA < & B B B

2002 fFD 8 A HANIHEE R FHEN (33°14'N, 13°18°E) T, a=vF VU
DOZIEER 6 k28I LTz, KEWMELE=A7 7 AT LIEKE 11
TEAN, HEANTL x 1 mOBEMOPRICHE Lz, O LIZET LM
TOMEL 2 AR EIT 1 » HEHANTC, MEPIEROEH O % T+ £ ToOR
Bt 2 S E AR O BERE S Lo, SIAEZ LIS TR 2L 72, BRO A
Wb E LY 2— 2% 1 2 — b (primary shoot) & L. & OFH#E

BRCHRDHE 12— FORSZHE L., WWIEDIEN Y 2£THEE L L,

A=V YV UDOETFEERTHT VU OEHE
SFEIERBRECa=VXF VY UORMFORELERT ATV OFEEH L

T T A0, #MEH (34°41°N, 135°11’E) S EEHIC 50 » oA HE



IR, a=FVUORIZHNDGT VL, BAORELERTLIT Y &
BlEE L7 (1999 £ 5 2005 2D 10 H), ZOBETIX, 7 VIZ K- T
SNTHET & REOBITTANZR o0, BEIZT U OITE DN EFE 2 R M IS
FAEMT 30 ZHEATV. TRENOMEMTEARD HIZ 3 BT (5

AT EFF 90 /7 HBLES. 50 7 BTl T 150 1] 75 B[R BLER)

TIVCEHPBFBLOREOR~DEREE

1999 4=, 2001 4, 2004 43 X0 2005 0 9 H, 10 H (FKIICAPE S
ToFET) &L 2004 AR L N2005 4FD 7 AL 8 A (A S L-FET)
IZH P RFEEERFOMNT, e/ U TV EFTFXTID2EDT
UOBROT, 7VICLDEFRB I OREOHEMME ZHE L2, 1999 £
OV 2000 FOFAETIE, BICHAVT2L27 U OfEEER, MBI UORED
BErAHRH LI ET A REIC L > TR, £, 2004 £ LT 2005 4
DHFETIE, a=F VY UORFLRELSNOT U OB b~ Ho
MEIZEE 59 5 & o 2/ a0k O B SR FE ITF T2 o T,

ERT, EFE, FEA R T T U T40 K], A4 X7 U T 14 FEf#142
L7ze BKENZ, FEA B U T Y TTI2EM, A4 X7 YU T 26 R LT,
=XV UDO 1 OOREZIZIIEN 3 kiE £ D (Suzuki and Ohnishi
2006) 7=, 1 DORFEOEMIIFE 7 3R OEMRITHYL T2, 22T, TV
DEAPPA SNBSS N ORF LU TO X 5 IZFAE
L7z

(BRARASNIZHEFE 3 EL IR SN TFOEFE) = (BARA



SN AFRITENOGIHRESINTZE O + (B~ ASINT-RFEE

FHENOMH SN REOH) x3

B BhHE 7 HOf < & B B BE

EH o HEE BT IC IV RO I bl ST £ TOE
HE (HCEERE) CHEMEOE 1 v a— FOES (HMEDILN D) OEES
iz Fig. 211" L7z, 12— FOEEN10 cm U TOKER L - & 6%
<O T RTOKRT20em A FEo7e, —J7, B St id, RO A
5 35 cm UL EETIEWEPHIZA DI, HEVE-8M S 727 O/ 5
(48.7 %) X, HWEMMADIRA Y X0 HE <~ S Tnie, FEF O
An B EEIE 206.8 5.4 mm (mean + SE) (n=304) T. HAHAMNERHEIL 446 mm
Zole, LrL, HB1ya—FORSIE, ¥ 96.6 + 5.7 mm (mean + SE)

(n=42), KR 175mm 7Z->7, KT HEBE BRI~ LN -T2,

A=VFVUOEFEERT LTV OEE

WHATCa=F YV TORICKFFLETVOFEELE, 2=F VY VOE T
FORELZE W LTV OFfEFH% Table 2.1 IR L7z, 50 » FTOFHEM TE
I8 EOT IR =XV UK ETBESAE, TR0 b 3
o7 ) (heEARYUT U, A XT Y A4 NU T VU Pachycondyla

chinensis Emery) OV —7J1—73, a2 =% Y O - F 2T RFZ2ERR L 72,



T UK EERZZ I OHmICE T LICHE B XL ORELZER L TV,
FEA B TT VX33 7737 (660 %) OFEHTAHLIL, 17 » I THTFB
FORFEZE ML T (17/733,51.5 %), AAXT VIEL27 # 1 (54.0 %)
THLIL, 9 7T CHRTFBIORFEZE ML T2 (9/27,333 %), LirL,
FANVT U6 7 F1 (320 %) THOLNN, DTH 2 yFiCLFET
BLOREOEMIIA LT (2 /16, 12.5 %), &it 16 4 F7 T 24 KFfEBILR
Lz, DI 2R LIEFB L OREOEERN AN R N1, 71T
A7V Messor aciculatus Fr. Smith (32 =3 % Y 7 Ok ECER SN2,
FROREOEMIIA B>z, GFF 25 # 7T (50 %) OFEH#T, 7V

X Da=oF% Y UMM FOREOEHEBITEN A LI,

TIVCEPBFBLOCREOR~OEREE

BWIZIZbEA e UT U EFAXT VIR, a=3F VOO REL
IEE A B Lo (PEABYTT U @40 B OBETHE - 1| bk
RE3E ; AAXTY 14 BRI OB THET 7 k), Ko7 VDR OIZE
FH5 A BT UTIVBIOAIFATVICL A a=F Y UOFfERED
MEMRAEE & Table 2.2 SR L2, BICHAV T4 F T Y DU —H—D¥K
XThEA BRI T U LD LHERICED 572 (Mann-Whitney U test, P =
0.0001), 2 FEOT U D 1 Bl H 70 ORIZHAY T2 T —h—HOE %
EBELLC LT, 2 OT Y PHEFZERTOIREZHLNCT LD, 7
U O EMAEZRA~HAVT57 Y 100 BHdH 72 Off1 36 L ORFEDE

TR LEZ, 7V 100 EHH - OB L OREOR~OALIL, 2
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OT VITEWT R roTe, Lo, 7V 100 HH7- 0 OFEFB L OREOR
NH O, FeEA YU T IUNREFRXT IV IV ARSI
(Mann-Whitney U test, P = 0.0385), ZD7-, FEA v U7 U HREAH
AL FOMHERIT, A4 X7V X0 L BEFIZE > 7= (Mann-Whitney U
test, P =0.0131), 72, 2=F VY VIl >TO2HEDOT VIZ X 5 FE 1 E
R EFMT Dm0, 1 BEHZ0O7 VT ks ERk s 5Lz
(Table 2.2), 1 E§[#]d 7=V OFEFOWAL L MHEIT. 7 U ORI KD E
I£72 72> 7= (Mann-Whitney U test, P = 0.8419) ,

HMBLOMHO b A as U7 U EdF T UDORSOPAY ORERLE
Fig. 22 &R L7z, hEA BT IUT VOEMOMAMIZIE, 2=F YV UD
Xzl AlHmoNT, a=v XYy UANOSEISERBEHORE N H -
EBENoT (150 %), WWTT U OSSN A D X 5 72 Ll
NOWNE o1 (K40 %), BHOMAMICE B2 E® 5 EE XK, - 72
(10 %)y —F. HIOMAY TIEa=vF Y VOB TR b %D
BEE LD (K40 %), 2 =X Y U USNOEDRED DEERME T LT
7= (5120 %),
FARXTVOEHOWAHTH, 2= FYUOREAITIFEA LR LN
Mmole, a=vx Y yUNOHHORETLEERRE oL 6% ZRAENN
#1040 %% HD Tz, KO A TIZRE R L a=F Y U LS OREY D
N EOLEEITN 20 ETHIL, 2=V vofE N EDLEE

135 20 % F THEAN L 7=,
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% %

RETE, a=vF YR 2 @O BmEER>ZLER L (H
BFE 7 & 7 VIS K DR EAN) . 2 RO kAR E b oS I,
INFETICHE L #HE &N TE 7= (Beattie and Lyons 1975; Roberts and
Heithaus 1986; Kaspari 1993; Levey and Byrne 1993; Ohkawara and Higashi 1994;
Pizo and Oliveira 1999; Bohning-Gaese er al. 1999), ZI & DAFFE T, & 5
FEINCAEESNIE TR R 25 ET 2 ERfiSLD 2 RBA T, 1 EHOD
AL 2 EHOBAOMAGDLEIZLY 320X A4 T HRHDN> TS : (1)
HEVFE 8 S8 7 VI K - THAi S4v 5 (Beattie and Lyons 1975;
Ohkawara and Higashi 1994) . (2) BHESLHFIED L 5 R REROFHEEMIC
Lo TRENRMEICHE L END, HHVITHARICE T L (EHEMA), BT
LIEREZOFTOREF BT VITE > THAT S5 (Roberts and Heithaus 1986;
Pizo and Oliveira 1998; Bohning -Gaese ef al. 1999; Passoss and Oliveira 2002)
(3) REBROFHDM L EL M L., PEt o2 7 Y BN § %
(Kaspari 1993; Levey and Byrne 1993; Pizo and Oliveira 1998; Passos and
Oliveira 2002) ,

=X VU2 BEOME AR, RO RS TR e -
TV, 2=y Y o2 EEOME AL, ThEnii 2 FEch
LA, FFEICE 1 BEOBE B LR ohiehole, ok )7
FEATRERIT, L OFEOHS TIZAm SN TV e, £ < OREORY) TIX,

M- O A FEREI M O A ENIIRE S TR v - B R V23
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a=3F Y UIdERKR 3y H UL EOWIRTEF- £ PE 2 i 1T % (Suzuki and Teranishi
2005), =X Y UDFERIZE o TRRDEFEAMKRAIT, Z oM 7R
HMOEIIZE > TR TE %,

=T F Y U TIERERED S EIERE~DOWHERU) Y B2 13A b,
SRERCR &I T A TG 11 A A E TRRIZHETIT T 5 (Suzuki and
Teranishi 2005; Suzuki and Ohnishi 2006), B HiiZ 4 & V72 FE 1 (TR AR B3
(CFEEFF L, MR ERICEEMRPEERET S (WHATRKR 3 #1)
(Suzuki and Teranishi 2005), L 72235 C, EHNCARE S L7 FE 13 BLE A
OFIZHETNL, B SN TICHHET DL, RERRERIT DB FHIEFL
TeEAEEORIT IR EZ D < DM U WELFBEF NS E & 2 AT REMED &,
EWNCAEE SN OR008 . BEFE 8IS K> TERERDIER Y LY
Hiw < FTHMAM SN (Fig. 2.1), L7ed-> 7T, EMo B BhFE 8o 128 1
A OB N D D L b b, 6 HICHIFLIZKD 10 HE T4
7313 60 %L, - CTdH 5 (Suzuki and Teranishi 2005), < Z T, E#o HEhFE
FHAMIREDORT L AEFITHRNTH D L Bbh 5,

—J7 . MICAE SN T, BB FBmIER bR o, 3=
VXY UIIAERETH L0, BERIE 11 A ETichih, BRI AE ST
HI3BED 6 ALUBRIZHIFET D, 207, FKNTITH 7B THRIT4AT
R, Lo T, a=v% Y yoEfE-icmiE, EH o8 1 HEszEl
WET D 7o OITHEL L T & I REE D &,

TIAF Y —LDO LI R E bR a = F Y ORI, KIS

M7 Z2EDLHERMEOT VI Ko T Sz, 7 VIS X D878 Tl
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— I 1 FOT VITEEREOMY O 2@ L. 1 FORY O I35k
FOT7T VI TERSND, ZOZ L1, 7T VICK D8 DB ERED
Ty & EEFEOT U oM OILHt (k2B L THELTELILELZEKRLT
W5 (Beattie 1985), L2 LAWIFETIE, 50 » FrOFHAH T 18 DT U 73
A=TFR YIRS LIZIC 0063, DT 3HOT U LT+ % E#E ik
L7Zp7no 7= (Table 2.1), 24 BfE]OBILT 2 (MO Lo Ed LR o 7oA
FANVTVZERS &, FREFBAZEILI N A 2 U7 U A FXT VT
Thole, AATHE DMK RINET ) THL7uF 7 Vida=vxy
VORI LTe, R E2ERT D 2 &3 ole, ThD O RIE,
=XV UOT VIZK AT, INHET UM T 2D D RO T
VIZK 2R 727 VICK DM FHMEITRRDZLERLTVD, a=Y
XV ETVDOEBENREDLIICLTAELTEDOLEZR LTS ETH, 7
HhEA U T A FXT VUSNOHEBEOT VR a=vx Y UOH 1%
R LRV O0, 5%, AT OLERD S,

TVICE o THElR SN TOEMIT, TVICK A2 EROERELS X
5 ETHFICHEECTHLN, TACEHLCULE 3 ETHERD, 7 U OFE -
WATEN 72 CIIBE R BR CT VI L 2B IO REE A SN TEZ D
LR VWR, TVICKOEAfERS 2= F Y DO HAMICHEBLL T

WD RREPEDS MV 2 & DRI S LT,
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B Seed dispersal
60- O Shoot length
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Fig. 2.1 Frequency distributioins of the distance of seed
dispersal by autochory (black bar) and of the primary
shoot length (white bar) in the reproductive plants of

C. maculata.
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Fig. 2.2 Composition of objects carried into the nest per hour
by T. tsushimae and P. noda in the summer and the autumn.
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Table 2.1 Ants species compositions that visited on the plants of C. maculata and that carried the seeds and
fruits of C. maculata in the field.

No. of sites ant No. of sites ants carried
Ant species . $

appeared (%) seeds (%) fruits (%) total (%)

Dolichoderinae
Ochetellus itoi Forel 4( 8.00) 0( 0.00) 0( 0.00) 0( 0.00)
Formicunae
Camponotus (Myrmamblys) vitiosus Fr. Smith 1( 2.00) 0( 0.00) 0( 0.00) 0( 0.00)
Formica (Seviformica) japonica Motschulsky 16(32.00) 0( 0.00) 0( 0.00) 0( 0.00)
Lasius japonicus Santschi 3( 6.00) 0( 0.00) 0( 0.00) 0( 0.00)
Paratrechina sakurae 1Ito 8(16.00) 0( 0.00) 0( 0.00) 0( 0.00)
Myrmicinae
Aphaenogaster sp. 2( 4.00) 0( 0.00) 0( 0.00) 0( 0.00)
Cardiocondyla kagutsuchi Terayama 18(36.00) 0( 0.00) 0( 0.00) 0( 0.00)
Leptothorax congruus Fr. Smith 2( 4.00) 0( 0.00) 0( 0.00) 0( 0.00)
Messor aciculatus Fr. Smith 1( 2.00) 0( 0.00) 0( 0.00) 0( 0.00)
Monomorium chinense Santschi 22(44.00) 0( 0.00) 0( 0.00) 0( 0.00)
Monomorium intrudens Fr. Smith 1( 2.00) 0( 0.00) 0( 0.00) 0( 0.00)
Monomorium pharaonis Linnaeus 2( 4.00) 0( 0.00) 0( 0.00) 0( 0.00)
Pheidole noda 27(54.00) 8(29.63) 1( 3.70) 9(33.33)
Pristomyrmex punctatus Fr. Smith 7(14.00) 0( 0.00) 0( 0.00) 0( 0.00)
Solenopsis japonica 'Wheeler 1( 2.00) 0( 0.00) 0( 0.00) 0( 0.00)
Tetramorium tsushimae Linnaeus 33(66.00) 15(45.46) 4(12.12) 17(51.52)
Vollenhovia sp. 6 1( 2.00) 0( 0.00) 0( 0.00) 0( 0.00)
Ponerinae
Pachyconcyla chinensis Emery 16(32.00) 1( 6.25) 1( 6.25) 2(12.50)
Total : 18 spp. 50 21(42.00) 6(12.00) 25(50.00)
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Table 2.2 Frequencies of carrying the seeds or fruits of C. maculata by two ants species 7. tsushimae and P. noda
at the entrance of their nests in the autumn. B / A means the ratio of the total number of seeds carried out of
the nest to that of seeds carried into the nest (mean = SE).

T. tushimae P. noda pP*

Observation time (hr) 72 26

Number of ants entered / hr 237.028 = 32.969 511.269 = 75243 <0.0001
Number of seeds carried into / 100 ants 8.982 = 3.078 1.167 = 0.206 0.1535
Number of fruits carried into / 100 ants 0.242 + 0.058 0.065 + 0.023 0.2365
Total number of seeds** carried into / 100 ants (A) 9.707 = 3.079 1.363 = 0.229 0.1237
Total number of seeds** carried into / hr 11.583 = 2.193 6.192 + 1.168 0.8419
Number of ants left / hr 241.347 = 32.678 517.000 = 71.661 0.0001
Number of seeds carried out of / 100 ants 1.534 = 0.338 0.184 = 0.050 0.0534
Number of fruits carried out of / 100 ants 0.171 = 0.058 0.036 = 0.017 0.7874
Total number of seeds** carried out of / 100 ants (B) 2.046 = 0.440 0.291 = 0.102 0.0385
Total number of seeds** carried out of / hr 5.792 =+ 1.273 1.577 = 0.538 0.1512
B/A 0.650 =* 0.117 0.182 = 0.048 0.0131

* Mann-whitney U- test
** (Number of seeds) + (Number of fruits) x 3
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LB LHEEZFT B T,

2 RS — FNOEAEOSAETEIL. m/m 55 (Lloyd 1967) % il <

24



AT U7 m (2B m R - BN E CERMERR) <. BT
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AT TIVOT—H— (K2mm) [TITEHRRICRE BT R, LiL,
PRI HF AT VIZI A BT VXD b a=vF Y v kRN
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Artificial nest Tube

Seeds of C. maculata

Plaster

Arena

Fig. 3.1 Illustration of the experimental apparatus. One hundred seeds of C. maculata were put on the center
of the arena. The entrance of the ant's nest was set on the side of the arena, giving a chance for ants to visit
the seeds freely.
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Fig. 3.2 Illustration of the experimental apparatus. After ants have stored the
food resources in the nest, one hundred seeds of C. maculata were put on the
arena. The entrance of the ant's nest was set on the bottom of the arena, giving
a chance for ants to visit the seeds freely.
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Fig. 3.3 Illustration of the experimental apparatus. After ants have nested in the
apparatus, and this was repeated 10 times at the interval of 3 days.
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Fig. 3.4 The number of seeds remained on the arena during 12 hours after the seed
setting on the arena in the experiment of artificial nest. Error bars show SE.
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Fig. 3.5 The proportion of seeds put in the food storage during 72 hours

after seed setting on the arena in the experiment of artificial nest.
Error bars show SE.
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Fig. 3.6 Cumulative number of seedlings appeared in the experimental apparatus.
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Fig. 3.8 The number of seedlings per 100 cm’ in each distances from
the entrance of ant's nest. Error bars show SE.
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Fig. 3.8 The number of seedlings per 100 cm’ in each distances from
the entrance of ant's nest. Error bars show SE.

39



Number of seedling per 100 cm’

0.3

T. tsushimae
0.2}
0.1t
0.0
0-10 40-50 90-100 140-150 190-200
0.3
P. noda
0.2}
0.1 ¢t
0.0
0-10 40-50 90-100 140-150

Distance from the refuse pile (cm)

Fig. 3.9 The number of seedlings per 100 c¢cm’ in each distances from
the refuse pile of ants. Error bars show SE.
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Fig. 3.10 Spatial distribution pattern of seedlings emerged in experimental apparatus. Open circles show the seedlings.
The size of circle reflects the total number of seedlings emerged in each point. Open triangles show the entrance of ant's




(44

Table 3.1 The percentage of seeds carried and consumed by ants of T. tsushimae and

P. noda in the experiment on the removal and consumption of seeds by ants

(mean = SE) .

Treatment of seeds by ants T. tsushimae P. noda P *
Carried into the nest 93.8 = 2.9 96.1 = 3.6 0.3057
Carried out of the nest 61.1 = 59 158 + 3.8 0.0005
Consumed by ants In the nest 424 = 9.6 97.1 = 09 0.0007

Out of the nest 16.2 + 34 48.6 = 10.5 0.4403
Total 255 £ 45 848 =+ 34 0.0005

*Mann Whitney U -test
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Table 3.2 The seed dropping rate of T. tsushimae and P. noda during carrying a seed in the field.

The distance from the point that seeds

were placed to the entrance of ant's nest <15 cm <30 cm <50 cm <100 cm <150 cm > 150 cm Total
T. tsushimae
Number of ants observed 19 35 11 11 4 2 82
Number of ants dropped a seed 2 1 2 2 2 2 11
Seed dropping rate 0.105 0.029 0.182 0.182 0.500 1.000 0.134
P. noda
Number of ants obseved 14 18 17 7 2 0 58
Number of ants dropped seed 0 5 5 3 0 13
Seed dropping rate 0.000 0.278 0.294 0.429 0.000 0.224




FTAE TVICX2EMATHET OB & RIRE T EHR
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FEW) DR RN 2 B 7 A IE, B oAb =R B ofhis . 7
VR AEH OREEZFE T 5 2 & CTHERIZET 2 EWRBE A % 5T
VW% (Bentley 1976, Buckley 1983, Barton 1986, Dicke ez al. 1990, Koptur 1992)
TEHNE MR % FE ORI, FEANETT Y 238l LTl B bR E # HER T 2
Z LT, HOOMESEDI T 25V TV (Buckley 1983, Koptur 1992)
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1996, Hulme and Benkman 2002, Bonal et al. 2007) ,
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(XA RTRE 7B O UL A £ TITE BTV,

PN T AT Y =L 260, 7T VIR D EARRORE T8 27 55 hE

44



MTIE, =I7AFY =AML o TCTVERRALIFENTLIENARETH D,
Zow, HmEAETHes (BUE, TolE, BERL) Ik TiHE
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MEtEB KOG

8 AFHNG 11 AWAE T, HHEOD A LAY PHEBEIZa=vF Y Uik
L. RE HET. ZOMOEBOFN 2RI+ 5, MAKODa=vF VY
TlX, & AT H B A LY Nysius plebeius Distant 3 H - & H @I H LD,
E AT T AL IEERR 5 mm TAIM, WEB LN oML, FIZA
I RHED OFEC X 7 BHE OBIZEEA T2 (KES 1993), EBRICHEM Lz

B A LE, FEETHHRRARE T 2006 4 & 2007 FEICERE LT,

AALVIZEDBTFORELT VICK2BAARIET OB

AT H TR, AR, B2 UV — 27 &6 (33°31°N, 130°37E)
T, 2005 £ D 2007 4ED 9 Hovd 11 HiZAT7e > 7z, BATRIFE 125 %
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A= XY UIESRIC Ko THERKEZITOTD, v a— PR RE L
BoTWb, LIeRoT, EROFETHFIZNWD T U OFE 7-EHEC, 7 2
AUVICE DT REREDITHBRELITRI ZLIIRAETH -2, £ T,
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U7V NEM Lo (n = 175), 3) bEA BT T U RHES
ML T (n = 100), 4) 72 FFRIZIC R EA BT T U DOREAIZEK > TV
efio (n=350), 5) TV bW ALVEEAGLTWRWEY (a2 br—/b
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AALVCEDBTFRELT VX 2EARITET O

BREDOT Y & AT HH AL DOITENL, GFFT 226 KDY 22— FT 113
AT, ENHDHH 58 KO Y 2 — MTIET U BRKEHET . 46 RiZix
FEABYUT Y 26 RICIEAFXTINKHLEZ, heEArIUT UL
FAZXTVNERFICRGG LTy 22— MO T UKLy 2 — b b
ST TR OITMENT 2 HERS L T2,
EATHADALTORRB IO BRI, 7V KR L T RRIC & I
KFh L7z (Table4.1), E7o, Bk E~SKEIL7c e AF T I A LT RH DK 30 %
INFRF- DRI IZHE) LTz (Table 4.1), B AT T A LT HBRORFHE L
Wt B RIL, T U R LR ERFTI L 2o TR TiEWTI 2o 12
(Table 4.1), L2>L., BE AT H A A LT O R ESHRO 1 B0 H B,
TUNKH Lo L0 &7 UK L7akTHELD > 72 (Table 4.2),
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WDERIZIET VIIRICHFEE LW E RS- 7= (Fig. 42), L7=n- T,
TUERALTDBRERFIIHR FICFEET 22 LRI EAE RS T,

Fo, BANSEIR LR EZD TFTOLEOY TN ERFRIZFER, BRTO
EATFTHH AL O LB OMEELT, 7V £72137 U ORPFET D
PR T 720572 (one-way ANOVA, B P =0.0004, KH: P =0.0185, Fig.
4.3),

FENERICB T2 AFTHAALVHROY 2 — b EO@EEET., 7 U R
FHELZWEE LD LT U RHFEET LHEICD 70572 (one-way ANOVA
P =0.0146, Fig. 44), F7T-ENERTIE, T7IDB AT T I AL OHR%E
WEL, YR ERICFELRLIZENIEA RV TUT Y T2E, £A4AXT YT

3EBlE s,

TYVORBTERCBITIIIALVICEIETFREORE

BrOWEIL, B AT HH A LTHROWHFIE TR > Tz (B
0.120 + 0.008 mg, Wi #: 0.073 + 0.003 mg, mean + SE, n = 20, r-test, P <
0.0001) ,

BREE L EERE AT V52 5A. P EA v U T VTR
FEET LD bR ZHBEICHEAMRA L (Table 4.3), L2rL., F
A7 U TRl & BHFEF OMARITE VLR o 72 (Table 4.3),
Fl.hEA YUY VIR RHE T L BERFOW G 2 FRRICS 2256
FEA BT U7 VIRl 2 L0 FREWR L (EBRBRMG 10 5%

© 90 431 : Log-rank test, x > = 16.605, df = 1, P < 0.0001; 24 F#fli]#%: Wilcoxon’s
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rank test, P = 0.0431) (Fig. 4.5),

EBRBRLE D 72 FEZ ORER - L BEOMHALE FORERIL, A4
A7 VT, ENEi 9.8 + 2.5 (mean + SE) & 11.5 + 3.4 {H TE VL7
Mol (BREMT: 70.3 £ 13.1%, f@#E27ef 7 85.1 £ 9.0 %, mean + SE, Mann
and Whitney U-test, P>0.05), — 5, hEA 0 U7 U TH, ZNTH43+1.6
fH & 5723 T, MAOREERIGEWVTIR o7 (BFEFEF:43.1£16.1 %,
472 Ff 72 29.9 + 9.9 %, Mann and Whitney U-test, P > 0.05),

1R &0 O7 V OFEF#EMABEE (12 seeds / hr, 5 3 &), R T
EREM oMM (8:5), 1K &HZY ORFR (0.365/72=0.005) D
TR HESE, TVICEINEE FOEMEHTE L AT (Fig. 4.7a),
ETNOORERE, 7TV BN ERRTET E BERS AN TE WSO T O
ey (Fig. 4.7b) L HEE L THI, ZOR, 7V OERNITE T 244 1
Wik, TVREBEEZHBANCTERVEELY 7 U M@ 7 & @i

HE LGB b EnTFRIEnT (7.35-5.97=1.38/hr),

EF DORFR
FEREIT o7 34 A ORFOREIRIEFRIT, AT THA LD H
[CREFE SN TIL0.012 (37250), 7 UDNHEAMA LR T Tl
0.180 (9 /50), 7 VU MBS ~HHL L7=FE1-TiX 0.480 (48 / 100), 7V DH
NIZFE > TV =R CTi 0.600 (1057 175) , S5 D472 Tl 0.460 (92
/200) 72572,

FRZAT o7 34 AROMA DRI F K% Fig. 4.6 (IR Lc, B ATH
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B ALY DY BICRE SN OREIFRIT, REREFICHANTHEICK
Mo 7 (Log-rank test, x> = 137.624,df =1, P <0.0001), hEA B TUT Y
DEP Lo LT ORERE S @M I TEN) o 72 (Log-rank
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1.650, df = 1, P =0.1989), F7-, 72 RFITRICEMNIZIE > TR O FE 3R
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0.0004) ,

% %
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=2 Ls (Fig. 4.6), EAFTHHALUITa=sF Y T L o THRZR W,
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B Da=vxY TOKET, TVEEAFTHIALRERT D Z &I
FEAERD ST (Fig. 4.2), 7o, TV 72037 U ORNSAFIET HRETIL,
AT HH ALY OEEREN V720> 7= (Fig. 4.3), &b, ENERICE
WTh, TUYNRHFETDIHAICY2— N EDO v AT T H A LT OfERER D
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BIEAT D 720D R E~KEI LT AT T A LT T DT Y OLEL 7
biviciod, T U NEAMETE O EE 2 EEERT DRt L E A SN D
(BAT TR 1l B HEBR ARG

KUt 27 VIC K 2P Ri%, A E BB (Way 1963, Buckley 1987,
Katayama and Suzuki 2003), X F 2 7 (Pierce 1987, Fiedler 1991), fE4+
E R & FF oMY (Koptur 1985, Horvitz and Schemske 1990, Katayama and Suzuki
2004) . K~7 ¢ 7 % FFOMf% (Janzen 1966, 1zzo and Vasxoncelos 2002, Gaume
et al. 2005, Monk et al. 2007) 72 EZ < DG TR OS> T %, ARRD
FEFHAAZITROEMTIE, TV AR FVWETFOFLEVICEL > THE T
HEFCLIZEFORELZBEL CVWD Z ENRESR TS (FE 1Rl
WEMFL, O’Dowed and Hay 1980, Heithaus 1981, Passos and Oliveira 2004), L
MLAE T, 7 VIC X DA AT 125 2 B RIEi A S Tunien,
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B LB WA 21772 ) INHET U N ED D ORICET 5 %< 0
FATHFRIL, B E L TOME - OBIRIENERT U OFEIZ L > Th D fRER
% Z &% LT&7- (Fewell and Harrison 1991, Crist and MacMahon 1992,
Reyes- Lépez and Ferndndez -Haeger 2002a, b), 7= & 21X, F 7O EE
(Baroni-Urbarni and Nielsen 1990, Baroni-Urbarni 1992, Milton and Dean 1993,
Detrain and Pasteels 2000) ; K& & (Rissing 1981, Campbell 1982, Crist and
MacMahon 1992, Willott et al. 2000) ; 7% (Pulliam and Brand 1975) ; % 7= Xl
E EOMIEWM DA (Schébing er al. 2004) 72 EOFEREMF ML S £ & F
RIEFROT U B OBPELEL L THHNTWDS

L, B LAFEFHfICBNT, 7R 1 EEOMY O - 0OE 0
EWEEET D E W I WF5EIEA 72 (Baroni-Urbarni 1992, Knoch et al. 1993),
AWETIE, PEARYIT IR =XV UOREER 2 IFfATESZ
ExR LT, BEMEFIINA BERRTEF 21T E A EXBINR DRV, B
BIZE o7z, TORD, PEA BT T VIE, B A LR Sz
fEFOEM A RET TODLARENREZ OND, BFLZERTOANICIEEAL
OT7 VX, BEFEZEREERTRIAALTLED, RETS DIV T LD, 20
BRI TORIZHMEL TWDH E B b,

BARLAE FHAAICBWT, PO 28 E L CHESNHET U M
MO T U (Retana et al. 2004, Levey and Byrne 1993) &, HLIZH A L7-HE
TOIFEAEZRET D, 2NHOT Y OH T, Pogonomyrmex JE°A 4 X
7V RO—ETIL, R FERMEN#E T % (Baroni-Urbarni 1992,

Knoch et al.1993), Ziulx. ¥ & L TR OMEDFEF I & W FE~ MO
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WHET V2 & Tld, EFEREDEE LT W L Ebh s, —J7, MR
PO REA BT T T Y TiX, BICA L FORERITHEEITELS, M
LA AR R BREPFET 2700, BEBREFEREL S5 FIF Lo
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ﬁ
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STl EMB, PEA YUY VITERREN L RIS, BT BEaEHE T
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Artificial ant nest

Entrance of ant's nest

Release point
of stinkbugs

000000
lhﬂ'.\ WO

Shoot of C. maculata

Barrier

Plastic container

Safety site

Fig. 4.1 Illustration of the experimental apparatus. A shoot of C. maculata was transplanted into the Petri dish filled
with water, and set on the experimental apparatus. The entrance of the ant's nest was set on the side of the petri dish,
giving a chance for ants to visit the plants freely. Stinkbugs were released at the tip of the shoot of C. maculata.
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Ants visited Stinkbugs visited
45.7 % 41.7 %

(165) (146)

Both ants and stinkbugs visited at the same time
2.5 %

®)

Fig. 4.2 Temporal and spatial pattern of visitation by ants and N. pleveious on the
C. maculata plants. Figures in the parentheses show number of observations.



Number of N. plebeius

T. tsushimae P. noda no ants

Fig. 4.3 The number of N. plebeius nymphs (a) and adults (b) under
the C. maculata plants where ants or ant's nests of 7. tsushimae
and P. noda were present and absent. Different letters indicate
significant difference (Fisher's PLSD, P < 0.05). Error bars show
SE.
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Number of nymphs

3.0

2.0

1.5

05

0.0

no ant T. tsushimae P. noda

Fig. 4.4 The number of N. plebeius nymphs on the shoots of C. maculata .
Different letters indicate significant difference (Fisher's PLSD, P < 0.05).
Error bars show SE.
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Time elapsed after the commencement of the experiment (min)

Fig. 4.5 The number of seeds that remained on the arena, when both
injured (closed circle) and non-injured (open circle) seeds were provided
to 7. tsushimae ants at the same time. Error bars show SE.
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Cumulative germination rate

0.7

0.6 |
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Fig. 4.6 Germination curves of seeds that were not injured by N. plebeius
(control), that were injured by N. plebeius , that ants did not carry into
the nest, that ants carried out of the nest, and that ants left in the nest

after 72hr.
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(@ (b)

Seeds around plants Seeds around plants

<«— ) Injurybystinkbugs | ___

Removal by énts per hr Removal by ants per hr
12 12

Non-injured seeds -Injured-seeds Non-injured seeds - Injured seeds- .

Preferential removal by ants Indiscriminate removal by ants

7.38 4,61 6 X3
Consumption rate by ants per hr Consumption rate by ants per hr
0.005 0.005
Survival per hr Survival per hr
7.35 5.97

Fig. 4.7 Estimation of the seed fate of C. maculata when ants preferentially carry non-injured seeds (a) and
when ants cannot discriminate non-injured seeds from injured seeds (b).
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Table 4.1 The frequencies of visits of N. plebeius adults and nymphs per 30 min and the proportions of N.

plebeius adults and nymphs that injured seeds on C. maculata plants that T. tsushimae and P. noda ants visited

and that ants did not visit (mean + SE).

Plants that

T. tsushimae visited P. noda visited

Plants that

Plants that

ants did not visit

*

Frequency of visits of adults

Proportion of adults that injured seeds

Frequency of visits of nymphs

Proportion of nymphs that injured seeds

Frequency of visits of ants

1.776

0.344

1.776

0.546

9.310

+

+

+

+

+

0.371

0.079

0.305

0.073

1.640

0.714

0.253

2.250

0.412

5.640

+

+

+

+

+

0.229

0.130

0.410

0.083

0.780

1.020

0.285

1.840

0.285

+

+

+

+

0.314

0.093

0.413

0.093

0.0879

0.8392

0.7026

0.1066

* one-way ANOVA



Table 4.2 The durations (second) of time it took for N. plebeius nymphs and
adults to stay and injure on C. maculata plants that T. tsushimae and P. noda
ants visited and that ants did not visit. The durations are indicated by second
(mean = SE).

<9

Plants that Plants that
ants visited ants did not visit
P*
n mean = SE n mean *+= SE
Adults stayed 28 18.11 = 4.71 74 13.84 + 4.72 0.1954
Adults injuried 10 570 + 1.81 21 23.52 + 9.67 0.0431
Nymphs stayed 56 17.29 = 3.18 33 3394 = 7.73 0.0750
Nymphs injuried 16 19.19 = 6.62 28 7446 + 31.47 0.0166

*Mann Whiteny U -test
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Table 4.3 Numbers and proportions of seeds that were carried into the nest for 24 hours by two ant species, 7.
tsushimae and P. noda , when injured and non-injured seeds of C. maculata were provided (mean + SE).

Injured seeds Non-injured seeds P *

Number of seeds carried into the nest by 7. tsushimae 8.429 = 3.030 15.125 + 2.524
Proportion of seeds carried into the nest by 7. tsushimae 0.421 = 0.152 0.756 = 0.126 0.0306
Number of seeds carried into the nest by P. noda 14.000 = 6.000 12.571 = 2.409
Proportion of seeds carried into the nest by P. noda 0.700 + 0.144 0.629 + 0.120 0.8451

* Mann Whiteny U- test
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EA B UT VDY —=5—=300 HOADan=— FAXTYD~AF—U
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PIZHRA L 72 I8 O FITEWT A B AL72 D> 7o (one-way repeated-measures
ANOVA, ZLPE P >0.05, IFF[#] P < 0.05, 4LEE x IF[H] P < 0.05; Wilcoxon’s rank test,

90 /7% P>0.05) (Fig.5.3),
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heEA B T IVBEIRE AT VDY —H—(F, A7 — R ZHakx D
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TWOHETOEEN D - & B 72 FEMBZICENICE > TW T T,
M REVDEDOHPER L TWDLIRETR S > L bE o7z (Table 5.1),
F. AAXT VT, BEREVMEOHPIERL TV FIXIEEAEARD
T, KFEOEFBIELRL TV (Table 5.1), Lo T, HAA~HIHE
N ERNIE ST X, FEAERLN RN T, T, A4 XT

Vi, ~AF—U—h—DIhDan=— LA F—U—h—L ATy —TU—
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A ERL REOREFITZERICTHE I N T\, £, RELREMER
RRZITI D EEBEZ DN TVNAHATY Y — U — I —Naua=—lFET H2%H
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TIE7Z2 < R 4 DR STz,

UboZ b, a=v% Y O FREWMBEILT D18AEN 2 DT
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OREIE, It & IRFL 2 Ho ke, BEREREE . N R BREESAF GEF LUWMEIR, M)
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L7 VYT, 7V LY ORICHERERAZBEEAE TN TEY . FE
DOT7 V) 2 ESE LD RN ENDIME LR EET DL ENMbN
TW% (Inui et al. 2001, Jirgens 2006), L7208 -> T, 2 =%V 7 OfE &
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e, TRAF—HE L THERPERLZERICR D RErH L, heA
YUT VIR, EANICHENETH L, 77 7 L0 HGR-CHEM DL E R
TH <AL, HFEENBNE S ICEDND, 2O, 2 =F VU0
fEFREDE I L CRFER AN ATRBERN B b D, —FH, A4 X
T U bERITHEREETH L0, AFFROPFETH . EH OB 6 FFKI
b RO A B~ A LT\ /272 (Ohnishi ef al. 2008, %5 2 #) |

RIREMEA TR < | FEEIC X9 2 A9 W AT REME DN & 5,
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Fig. 5.1 The seeds of C. maculata. (a)The seeds
are covered with white seed coat. (b)The coat is
transformed into gel when it absorbs water. (c)
T. tsushimae cosumed the seed coat without
consumption of the body of seed.
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AR DW or extract
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I 4.5 cm !

Fig. 5.2 Illustration of the experimental apparatus. Distilled water
(DW) or the extract of seed coat of C. maculata was dropped on the
glass dish at two positions of 2 cm from the center of glass dish. One
ant was released on the center of glass dish and foraged freely. The
drinking time by the ant was examined for 3 minutes.
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Fig. 5.3 The number of pieces of filter paper with distilled water (open
circle) or the extract of seed coat of C. maculata (solid circle) remained
on the arena during 90 minutes after the pieces of filter paper setting
on the arena. Error bars show SE.
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Duration (second)
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30 |
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P. noda
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05 |

0.0
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Fig. 5.4 Drinking duration of a droplet of distilled water (DW) and
that of 5 % sucrose solution. Error bars show SE.
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Fig. 5.5 Drinking duration of a droplet of distilled water (DW) and
the extract of seed coat of C. maculata by a ant. Error bars show SE.
* show the statifical significanse (Wilcoxon's rank test, P < 0.05).
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Fig. 5.6 Drinking duration of a droplet of treated distilled
water (DW) and the treated extract of seed coat of A3:F46
between DW and the treated extract (Wilcoxon's rank test,
P > 0.05).
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Table 5.1 Proportion of consumption of the seed coat and the body of seed by ants (mean + SE). Seed consumption pattern was
divided into five categories: Only seed coat was cosumed, only the body of seed was consumed, both seed coat and the body

I8

Categori_es of seed T. tsushimae .P - noda (mirll)(.): :ﬁﬁkers P *
consumption by ants (minor workers) +major workers)
Seed carried out of the nest ~ Seed coat 0.101 = 0.064 0.012 = 0.012 0.010 = 0.010
body of seed 0.019 = 0.019 0.023 + 0.014 0.063 = 0.022
Seed coat + body of seed 0.078 + 0.035 0.000 + 0.000 0.000 + 0.000
non-injured seed 0.155 + 0.111 0.314 + 0.089 0.342 + 0.078
Seeds renaibed in the nest Seed coat 0.119 = 0.046 0.000 = 0.000 0.000 = 0.000
body of the seed 0.013 = 0.012 0.000 + 0.000 0.000 + 0.000
Seed coat + body of seed 0.071 = 0.029 0.000 = 0.000 0.000 = 0.000
non-injured seed 0.019 = 0.013 0.045 = 0.031 0.000 £ 0.000
completely destroied seed 0.426 + 0.072 0.606 + 0.079 0.585 = 0.076
Total Seed coat 0.220 + 0.047 a 0012 £ 0.012 b 0.010 £ 0.010 b <0.0001
body of seed 0.031 = 0.023 0.023 = 0.014 0.063 = 0.022 0.3140
Seed coat + body of seed 0.149 + 0.044 a 0.000 = 0.000 b 0.000 = 0.000 b 0.0002
non-injured seed 0.174 = 0.111 0.359 + 0.083 0.342 + 0.078 0.2231
completely destroied seed 0.464 + 0.072 0.606 + 0.079 0.585 = 0.076 0.1600

* one-way ANOVA
Different letters indicate significant difference (Fisher's PLSD, P < 0.05).

Proportions of seeds that were carried into the nest were transformed as the arcsine of the square root for statistical test.
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a=UF Y UOETFBAMAKRK

IV X VU OB LR B LRI R AR bl (Suzuki and
Teranishi 2005) . fH{-Z&HHIAT (W) (ZARE ST, IRIREFIC
TSIZRFT D, TORD, BN 2T DT UE, BFRTE K.
KED Do THEANAEL D, £2C, HEEFBM 2T/ 2 &
THFHBEFEZREE L TREDAEFRDOETEZBHNTNDLLEEZLND
(Ohnishi et al. 2008, # 2 %), H£7-. FEFZMHM®RY (BB IZAEESH
R, BB U 21T/ Z e G, B B R
ZEDET S0l TE B2 6D (5 2 &), KIIICAESIT
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LT, PEARVITYVEFFXTIVD2HOHLNT=F Y UOHA%
it L 72 (Ohnishi er al. 2008, #; 2 &), Giladi (2006) (X, 7 VIZ X HFE T
BAT IR W TR IR T A # 2 RS AR OV TE R L TWDH, ol
2 FBUNDOT U Ra=F Y O EZE R LZ2VONASHTHY . 5%
AL TWRERD D,

FAAXT U DHEAA ST EOBE O S D fERITIR <,
BERNEN-7Z (B 3 8), LEN->T, 4TV OBRN~FETN—E
MASNTLE D &, HPHAT~ERT 2 AlEEEIIENEEX NS, 20D
L9t A AT VO EATIINHET U CHLND K ) REMBIR R~ L
HEFHATHY, BAMASINTEHE DO bREXENR Do D3R
MBI SN2 Z L2 b,

SHRE W X 2 |~ % UIRE 710/ 217 9 BEAR T, BATE - EOE

MOFELEE ZRE L, KO FICHEMEZRRSED 2 & TR HRERZH

N

DIELTENRMBENTWDS (g E) (Janzen 1971, Nilsson 1985), ==
VXYV TIFHETHDLHTD, FBTOAERIZEITAL NV, A
PE B T2\ (6t shoot & 2% 1 m DK THJ 1000 I OFE 7 A A2 PES 2 ; Suzuki and
Ohnishi 2005), L7223> T, BTHiEESLAA X7 U BAEEREICZR > T
HAREMED B D

ARV VO EERT AL 1EOT Y THL A BT T YT
(T, HURIEG e gk UARE 7 & AR T8 R Aoz, TUICK RN
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TWie, LovL, beEAS ey U7 U CRETORERNELS, BEORS
DRI ~NPRE SN DB ERE -T2 (5 3 ), LER->T, hEA B
VUTVOREATEEPAIND L MBI DFEORWVE M ~DE
RIS D, o, BRSO R 727385720 HAH T (seed bank)
Y FREFTHARRMESL B D,

SHIZ, PEARYUTUDOHERRNIIMASNIETORFRIT, TIH
ALVIREGLTOWRWET LY SRIFRNENoT2 (B 4 &), BRERLE
(U S ALDRE TR, RN BER EOBMEIESIT bR D Z L THEK
PEREE Y, BEMEES NI ERH D BHR 1995), o, FACHEE
DHIZH LTSRN, TIAFY —Lx b O II, ZNb08T VITEDY R
N5ZETRFMEESND Z L HHD (Horvitz 1981, Horvitz and Schemske
1986, Leal and Oliveira 1998, LeCorff and Horvitz 1995, Oliveira er al. 1995,
Passos and Oliveira 2002, Pizo and Oliveira 2001), ~EA 2 U7 U TiX, fE
FTREMEOHEZEETLHEENEMN T, TNNFETORFELEE L
TR RetE DN 8 %

AR TIE, R T7 ) ORNIHASNTHLrL 72 KHEZETORETO
EMEP LN LR, 4%, TUVICXFETOMA - it - BF % 72 I
MU EBIRT 52T, ZORBNICEST-HE RSO LS REMETZED

DNZ AT MR D D,

TIZEDa=vFY yoaMmiike ourk

A BT U EAAFXT I Fa=x Y O -2 El P ICHmk - ik
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FETLZENDHoT (B 3 %), heA v U7 U T, FBraEW8
MOBEETORTHFZHA L BRI THICHEFE2HET 52 i3k,
W L7 Bn)EnicgEp Lz s (6 3 &), £07kH, e
AaTUT7 YTk, BOBICHM L2353 L, FAENREOELICE
HLiceBE2bND, AR TT Y OFERICE D2 a2 =% Y U OSARIk
RERICHEA L AR U7 ) Oao=— | XEFEMHOEWEOA2 2 5L
MEES TWRp oo, DO P EA v U7 VORERan =— T L
FRERBAERRT 5720, 1 DOan =—RAREICER OB O 2>, *+
D=, FHTIEREA BT T VIiEo8y FARICHE T2 8/ 9 2 Al REME DS &
WweBbh s,

— i, AFAAXTVEFHFELS bRE, LT LT SRICKELT, M
THEFERLZHBFORME > A2 LD EBHY ., BTE2 BV
ODRETLEKSITRTHLHEFOMENHELIN, TFZXTIVDOEFN AR
YUT VXY bRETMARNEN ST (3 8), £, ALXT IV OET
EWIC LD a =0 F Y UDOSMILRERTIE, EEN L THOML TV
(5 3 #), AAXTVEFHETHAEECLHLT-DRFRIFE VS, 2=
FYUORESEIRVEHAICOML CEMT L2 LT, a=vF Y VO T
MIZHBL TV D EBbhd,
ZOXDITHEOT VIZX DA HARNITIE R > TWeh, Eb5607
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BRAT TR RIS kT35 7 U O E
RIS EZ 1T DO TIE, T U RMEEE ORI (HRESCHEFAES
) EFHBILTHREEZHRELTHH 5 2 N BTV S (Buckley 1983,
Koptur 1992, Turlings and Fritzsche 1999) TR D AEMWIBIE AT O AEY)
XZIG DT D20 FRECTH LI, HEANVER., F~T 47, 77— FNRT 172 L
SEIERBRINCE>TT YV ZFHFEIIL TS (Janzen 1966, Janzen 1969,
Koptur 1985, Fiala et al. 1989, Horvitz and Schemske 1990, Gaume 1997, Heil e al.
2001, Izzo and Vasconcelos 2002, Heil and McKey 2003, Katayama and Suzuki
2004, 1zzo and Vasconcelos 2005, Monk et al. 2007), AL TiX, 7 VB a=
R Y UOREAEZEMT DI DITHRAKIT D & T, WA A O
HEBR-CHCAM Al FE 7 DO B 72 &, HCM AT FHi & ICF LC7 U A EBRL TV D
ZEMNHEBILE (4 ®), BAERELDL, BTICb =T A4 Y — A0
WTW D Turnera ulmifolia TiE, fEAVERRIZFHE G SN THEE 2R+ 257
Uz g E LT EL WD Z L AEE STV % (Cuautle and
Rico-Gray 2003, Cuautle et al. 2005), L2>L., FE{ & @il & L-fE - iias
(KT D AR AT O EMIE 2 E THE S TR LT, AEMEIC
BTV EHPOFH LWEEZRTH D,
TEANVE R BT X DB < B X THE -2 3 & L72BiElix, BIpkhic
BRET L0, a A MBREWE I ICEDbNS, UL, KiiLanwa=
R Y UTIES ALV OEEER L WIS IR R 2 KD GF
4 F) 1=, —HOETFZHRME L TTVIZEATH, 7 VICXAHE B

DHREFRENERDOND,
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FEA BT T VICR o CTIER SN FRBERIFE LSS, beArYy
U7 UNBEROEZEZ2TE, beEA v U7 VICEB S HIET
UNEEECTHET DRABLTREIFL, 7 VI K> THRAAATFE 237 A L
VENLHIf SN A ARENE L E X O D, TV O FERICE = =vF Y
UOSARIERER (FE33E) TiE, e U7 VIFBELRUREOZME
AL TWe, —JF, AAXT VITER S 11k, B b 72359 T%
FEFTDAEENE OO, B0 RIE LIRS A A X T U T a1 23
Pifii S o metElEnWEZE X 6nd, L, T4 X7 VIZHAn S -
TR T 270, BEECHETLIHRI) bETFPEFHETICARESN

DWERDRNTTREMED B 5,
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R FEHAADN AL, =74 F Y —LARRWETT U OFEFiERIC T 5
W & 72> T D (Kjellsson 1985, Brew et al. 1989, Lanza et al. 1992), il
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el 7)Y FBREEN, TOMOKEER S ELTINVNEI VR, TT7=
V. BAVUREDT I BTN F—A, JIa—RA AT a—RAp Y
OFELRE I TS (Beattie et al. 1979), JRERBEIMTT U 2555 L
TWH DT TIEHRLS, KEMRS LIRS D Z L THEIDENTNDL EEZ D
NTWb, ZI7A4F Y —2ZFFITMT W TIX, 7T VICE > TEMHER
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Summary

Although efficient dispersal of seeds bearing an elaiosome has been reported in
many plant species, ants also carry seeds without an elaiosome in other many
species (leftover seed dispersal). In the leftover seed dispersal, most of seeds that
have been carried by harvester ants or omnivorous ants are consumed as foods, but
seeds lost by ants during the seed carry to their nest or leftover seeds in the nest
have been consequently dispersed. In this case, ants’ behaviors such as seed
transport, seed loss, seed predation, and seed abandon are important for determining
the seed fate. In this mode of seed dispersal by ants, the efficiency of dispersal has
been considered to be extremely low. However, the quantitative investigation for
the efficiency of seed dispersal has been hardly carried out, and the significance of
this mode of dispersal is less well elucidated.

Chamaesyce maculata (L.) Small is a prostrate annual weed. Plants that
emerged in June commenced sexual reproduction from late July, and thereafter both
vegetative growth and sexual reproduction continued together until early November.
Seeds produced in the summer germinated without dormancy, resulting in
overlapping multiple generations within a year. Consequently, the competition
between parents and offspring would occur. Seeds produced in the autumn
germinated from early summer of the next year, and the competition among
offspring seedlings would occur. Therefore, in C. maculata, the seed dispersal is

important for escaping from the sib-competitions.
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In this study, in order to elucidate modes of seed dispersal in C. maculata, we
carried out (1) the examinations of seasonally different modes of seed dispersal, (2)
the investigations on the characteristics of seed dispersal by two ant species and
their efficiencies, (3) the investigations on the defense of pre-dispersal seeds, the
exclusion of pre-dispersal seed predators, and the preferential removal of non-
injured seeds by ants, (4) the examinations of ant’s preferences to the seed coat and
the effects of the seed coat on the seed dispersal by ants.

In the summer when the competition between parents and offspring would
occur, the competition between parents and offspring was weakened by the
autochory. On the other hand, in the autumn the autochory did not occur because
no competition between parents and offspring occurs, but the seed dispersal by ants
of Tetramorium tsushimae Linnaeus and Pheidole noda Smith. F. was observed.
The seed dispersal by ants is likely to contribute to escape from the competition
among offspring in the next year.

In P. noda, although the proportion of seeds lost during the seed carry to their
nest was high, the seeds carried into the nest were hardly carried out of the nest, and
almost of them were consumed in the nest. Thus, although the dispersal range of
the seeds by P. noda expanded, seedlings did not emerged around the nest of P. noda.
Therefore, it is expected that P. noda contributes to the seed dispersal of C.
maculata by the seed loss during the seed carry to their nest. In 7. tsushimae,
although the proportion of seed loss by ants during the seed carry to their nest was

low, about half of the seeds carried into the nest were carried out of the nest without
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consumption by ants. Thus, the proportion of seeds consumed was conspicuously
low, and many seedlings emerged around the nest of T.tsushimae. Therefore, it is
expected that T. tsushimae greatly contributes to the seed dispersal of C. maculata
by the low seed consumption rate.

When two ant species existed on the plants of C. maculata, the density of
stinkbugs was low on the plants. Therefore, the pre-dispersal seeds seem to be
defended by ants. Moreover, when both injured and non-injured seeds were
provided to ants at the same time, 7. tsushimae carried non-injured seeds more
quickly into the nest than injured seeds. Therefore, 7. tsushimae seems to be the
efficient seed disperser.

Ants of T. tsushimae showed the preference to the seed coat of C. maculata,
and they consumed only the seed coat in the nest without the consumption of the
body of seeds. On the other hand, ants of P. noda showed no preference to the
seed coat, and only the consumption of the seed coat was not found. The
difference in seed consumption modes between two ant species seemed to be
influenced by their food habits.

Consequently, C. maculata would acquire new habitats resulting from the seed
dispersal by ants, and would be able to expand their distribution range. The value
of seeds differed between T. tsushimae and P. noda, resulting in different patterns of
the seed dispersal between two ant species. It is considered that 7. tsushimae and
P. noda contribute to the seed dispersal of C. maculata by the low proportion of

seed consumption and the high proportion and dispersion of seed loss during the
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seed carry to their nest, respectively.

111





