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BIE F @&

1-1. #EYosO0—riRE

THEMEAETH) Ld, IAERICE, RHEOBETOMMR S
59, L 3TFEIBHEEEWICR—Th 3 & 5 7 BN
DIHETHD, PRI IV A, MEEBTER S84E0HL D
ez &te, 8icid, RETBIEL BT EOBET
Y, RBROMEEHEPS PRI IR B0 % 0T,
FEATE & AR OR D R E RE L, eI B LT
ZRENRISBVEVIRTHS (B4R 2003),

TN &, SRICREYIC 38 W T BRI 8L
Wk DIRERETER T2 L2 w5 (85K 2008) . HEWTH,
ST — IR T b 2, SRR & IR
BWTHBH, ATHIC L B2EEEOBME VI EHicESAHEIN
Tw5GE, THREER LwIltsrbhz, £ LD
YR, 7t 234 FTOEREOSMY Y DT EICH B
Fo & iz, BUEED RO EMICEEA% 7D b2
ZboTWwad, TOKI A% S DS X - TE
ORI, ZOBMEIC) DEioTHBITLHT
7K, LU IEER AR o LTy, EHEc b BEEEFET
DWVRTWVE, LEedoT, DX RBE 45, &vw)HEE
BHGBIERLAEHLLLBWEEL, pbhic 72—V
Bt AEEZHWEL S L7 5 RAEHDH % (Silvertown 1998)
KFETIE, 0k RRMEEE LT, SEEEHTIEEL,
TU—VREDHBVIZREEFE L ) HERME LIz B,
2L, SRR T 2540, WEEEEER WS
PICEHL T WA ERBEL TV 5,

P AEEETTETVR 540, HHEOEVRE Y —
YERT, —AOfRIEZ, ZoficsivMImASZ EiC
Ko CEEHFEICHLE, £, 7u—rvRER2T MY,
Z O SPMEGRESETE LTRTMA S Z Lok - TKFE
FHICIED 2, Thbh, ZJu—rviEElR, 2RFNOEsy
R (RER) 222 a0Ebftdmb s Lickailo
KEFRADHMEHREETH 2, LEBTHIEMNTES
(Silvertown 1998), = @ Xk 9 AHi%ME D B+ ORI 1,
FEHEL, MR, REEH:, T E A & OIE0BiEr, RisEh &
BHISNTnDE, £/, o, HPOREBREICELTH
5L OBEBEWIZIREZ N TV 3 LD TRV (Jenik 1994),
NG OOBHAMNE, R KB %, ZE, TR, [HRZAe CiE
Y OREL n—R, ZIHED» S IET B, Thbb, NS
DB B L T oM ic R on s, I, Rl
T, TERIINN, BB, oL 2TBRE, oLy B, BRo
TEEHE D P TR 2 BIA T % (Peterson 1975). B4, HF
n, FIrh, M~ oBER &AL S OlilEE 2T 2%, Bl
FRWRYF, PEREECRELRIAT 5.

BED& S LU a2 oE1E g, BRSO 7=
IRHIZ 2 D &R DINLICEEIET & BIBIEREN % b oA S 3, B
W, Zo &) BB R BB L A ER OB R T A — P L
W 5 (Harper 1977; Eriksson 1993; Silvertown and Charlesworth
2001). flb)5, F—DFEBEDPSEY PRI NFTRTHT A— |

DESIF, —2D7u—rE2EDY LIFTw3, Thbh, 2ose
TOEFEALRADRBEFRHAHEL CWE, EiE, cokyn
BEHCA—-TH2EEOHMEIY 2Ry P EFIEh TV E
(Harper 1977; Eriksson 1993; Silvertown and Charlesworth 2001),
BARD 7 10— RRIEFICHEE, RIS, REEPHERKD
FnLick s, REBCBI2EEL 7 n— R, #HED
WIFETH 2 WAy FIVE, +278) (Jenik 1994),
T, BEEE I, ARARHEICE O TREROKRIESERDHRED &
Wit Ukt 2 7 u—vilBTH B, -, KL
DIRED 5 £ U2 RHCRIEZE L v» ) (B 2003), Hbeh
R, H20»IEa—1a v 0db7 X U 5 ORI TIE, #
BrcH s BARPLHERBNO 7 dIHIEE N ABRIcB VT, &
5 OFFRES LIFLIZREDO 53 (BlZE, 25/ X8,
= 7R, asIE, ¥F/%¥E) (enk1994), HATYH,
atr @, THE, VABER B THEFERSTED 5T
V> % (Ohkubo ef al. 1996; Miura and Yamamoto 2003), —77, #
oI, SRR TARENEHE D kv, 2o ORFLER
i, RELLEERPHEROFERIcL>T I/ -V lERTS
ZEPBEDOENTVE (Jenik 1994), TNoHD I a—YEET
1F, ERRAEEMEFL, HBWIEHETE I LI Lo THIE
ML, ZIOREREFKEIRBLILICL>TTIA—+
EEDHT, W RY 7 TR, FHRFOEAMEREKT 2
A2VICEOTRELIE /0 —VEENTADEN TV S
(Jenik 1994) HASTH, AX R Y 7 7B VT, REIc L B Y
0 — v EEMED 54TV % (Moriguchi et al. 2001; Hayakawa
et al. 2004) , Z 4B OHIERNI L B AT T 2720, BOE
AL o TR 32 LItk o T 7 u— VY RENTHINT
W3,

1-2. O0—ViEYEEOERNERICEY 25

7a—rEBHRT 5 HECET 2EREYEE, 74 —F
xRy PEWIRLRZES 2 — VLRV TIFEINTEL
(Harper 1977; de Kroon and van Groenendael 1997; Silvertown
and Charlesworth 2001) . 228 D K & X, HiiIM A, B 5E, B
BEN—TF 4 74 v X— TR & OBETFHEEORH O
BELR EOEMOEERETS 2 2y PRETHRE->TL %,
I oI, ERHAOEMNELIC BT 2IEEN R TREEZY =«
v FORETIRENERCEIEI NS, LK, P
2y F OBAIRZ DEOWE, ¥ =% v b DERESHOITE, 2
LT¥ =%y F DIRET 5 BENERDEERE{L (Montalvo ef al.
1997; Escaravage et al. 1998; Pornon ¢t al. 2000; Suyama ef al.
2000) 4, 7 v — ¥ 2TEAT 5 MW E N o B &S NED
DO & > TARAIRTH B,

Lo L, 7a— iy BT 256k h Bz,
IFAREIC B TS = 2 v b OB Al 7 B 2 il 1 [RE
X Twie, Thbb, YD o¥Hsdi, 7X—MH
DILTEOMKEE2AS ICHERTE 5 ¥R (Edward 1984
Reinartz and Popp 1987), Bi3ERAREIE 4 &I & 2RI 5 DR
DENBOREEEY 2y b OERINARTS B & I BARK
7 (Sakai and Burris 1985; Lovett Doust and Lovett Doust 1988;



48 BAL

Cipollini and Whigham 1994; Obeso et al. 1998) iZ -2\ > THF4R AT
hbNTE,

THmERICIE, BE, BERICEVWUBBREORER o858
BEEL, ZROOERRVEDE S EEET S I EBRINAT
V3 (BIZ1F, Burdon1980), L&oL, JEEEIZHOFEEIZL
FUIEBREEFIC L > THEERT 5, LidisT, 7u—v
TEWERICE T, WEPEEY 2y OBzt
BWEENH S (Widénof al. 1994) . BREISRMICHEEZZIT %
WEEICE > T e — VBl SN o nENEZSNEN, 7
AVHFA LR INETRO—RMCFIASINTELER—
H—TH3b, COFAVYAL LEFAEY =3y FOERIC
ko Ty u— v iEOERNICE RIBNERSFETS Z &
DD 5B K izl -7 (Ellstrand and Roose 1987; Hamrick
of al. 1992; Widén et al. 1994). L»L, 74 V¥4 LADEEN
LROBEIZEL, DR EEETECRI D220
Fy FOBMICEARTaREEYH S5 (B A, Tanief al.
1998; Sydes and Peakall 1998) ,

WEAE, A ORE LS LT/ / 4 DNA OFERT Dy
ERHT 3 BE—H - E N T35, RAPD (random
amplified polymorphic DNA) (Williams ef al. 1990), AFLP
(amplified fragment length polymorphism) (Vos et al. 1995), <
A 783774+ (Tautz 1989) & EARMIICN L TrpirioH
fae—h—TH23 :EZS5NT WS (Wolff and Morgan-Richard
1999), 2 5 D #EfE < — A —iF, PCR (polymerase chain
reaction) I & o C DNA{EIB#MIET 2720, Y BDDNA %
A3 Z L CORPTHTH S, X512, RAPD ¥ AFLP i,
WNRET2HEDOY ) LAEREHEE Lz, @ESED
BEFEZNATAI LA TH S, ZORHE, RAPD®
AFLP # /- 7 0 — v OB LEEHE T T\ % (Hsaio
and Rieseberg 1994; Escarvage ef al. 1998; Sydes and Peakall
1998; Tani ef al. 1998; Esselman et al. 1999; Kreher ef al. 2000;
Pornon et al. 2000; Moriguchi ef al. 2001; Persson and Gustavsson
2001), —F, ?A7uYFI4 be—h— RGO D IR
Ml &%, BRA%3ET 377 (Zane et al. 2002; Squirrell ef al.
2003), HALEE~OGAIZENL T, Lirl, 4709
T4 Fe—h—dEETH D, BETED KD ONILRE
FHPEE W, LIdio T, ITEDOHEIC Lo TeA 709
T4 =A==y n— v ol ENTHSE I LA
WE XT3 (Reusch ef al. 2000; Miwa et al. 2001; Van der
Velde et al. 2001; Nagamitsu et al. 2004)

1-3. MREROEXEF

EAETF (lex leucoclada) 1&EF /7 ¥ FEF / FEOMHER
BROFIRMERTH 2, B 105 2m Th 5. LIBEFEY
LMD BEIFU AL, MBS LD 7T ORI
EH"T 3,

EAEFOUFUCBD B HHE & L BRI TH 5 © & 23
Foi s, HEALRIZ 10 05 20 MOTEATREE L, BEAERI 2 %>
5 AEDIEDRAE L T 5o T EHENET I3 mm, WETECIZ
MAmmTHB (FH 11, 12), REIFEEN 1 cm ORIKD

i

AERCHICRCHL, 4HOBEFZE S5 (LK 1989) (FH 1-
3), EXTFOHLETORAERRICELTIE, Eo&Dh L
LAz, Ll, —RICET ) XEEIERSHRE, M@
FREEATHE EVHNT WS (50 1994), 7, AT
FRIDEIEMFICIZEIHE L bR I B 70—V
BEbFn (BE14), LIEFLIE, Ay F (R 29052
rhTBong (BEEL1S), Lal, EXEFDy FORK
KBWTZn—VRELEFIC L 2EMBED L Y ITHBEL T
VARPIELTRMSNTYRY, LAadoT, IDk)kE
MR (S y FBR) & BREE (MEMEERE, 7o —rvEER)
EHob AEFIE, 70—V EDEROEEREE R EZEIVE
RO (Fhbb, ANEL) OZEEL MR 2 L CREERE
WIFENRD—2TH B EEZSILD,

1-4. HEOBEMN

1980 £Ef%Iz % > T PCR k3 Lk &N 5 &, DNA Ok TR
A/ IC e 572, ZAUTfEV, RAPD, AFLP, <A 704
F3A4 P ERBHT 272912, PCR & H -4 & Talhr
EBTRENTE, ZORKR, 7 v —riYEREz &S %
BWTH, (1) 7 —vEEK > TKREFAIIARLT
iy FBETVEoRD, BMLAEDTE0IC, R
HIZBWTS 22y F OBADBEEETH - Iz B W T,
EEc 22y FRBITEL LI ICh o7 (B1Z21F, Tani
et al. 1998; Pornon et al. 2000; Suyama et al. 2000), (2) 7 @ —>
THYEA OB ESZE S A — P TiRES 2y F, 5K
THRETOHAEGLRELTRIBZ I EICLST, /R —ViH
YR OEABIELREIROELEZHS i L, £FO
TR & MR I BT 2GR R 92 - LasHRBic e o7 (2
{&, Pornon et al. 2000; Auge et al. 2001; Van der Velde et al. 2001;
Nagamitsu et al. 2004)

AWETIHE, RAPD oA 27095754 F2l#fEe—h—t
LTHWT 7R —V2BRTI3EAEFDO %2y F2EA
L, EXEFEMAD 70— Sl ORGNERZIH S 2
L, ZOfE2S L0 X EFOEMOTBEK & HEHSFERE Iz
THETaZLtzANET S,

BHXDOAFEDTOEY Th b, FE1ETE, hEol
RTERLI T, AREOEER, MENROEXEF, PR
B on T, 52T, 3o % 2 BREKRLO
THIDWHE 2 RN 5, FCEIFE NS E6HEE TORETIHE,
AR TR T 5 4 DO ROAR R ZhFhlRz, $E3E
DT, 7TTFEHHRAICREBELZ7ay FPHOE XS4
M&ffE%2RNEE LT, RAPD—A—2MnTI 2%y %
ML, Sy FHOIe—vHREREEL, Sy FHEASY F
MoBGEMNERAZHET S, i E4BEOMA TR, MBEOW
FELARBICEAEFOP 22y FERAPD e —Hh —ic X > Tik
L, Ny FLnuiRoNERMAO 7 u— g (SyF2%
BT =22y ML, P22y FHEEDOmE, £ 2Ry
F DEMSAE) EHOICTBEEDIL, Ny FHRHOIT—
SRERES TS, Z2LTC, v FHROIu—vEEEE 7
0 — USRI RFTAEBNER O WTEET S, H
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Location of Mt. Daisen where the study site is located

SEOFATIE, EXTFDeL 27Uy F o34 hv—h—%F
L, Bohlce—h—0SME2HSHICT 2, 6 ZOW
T, MEOPETHIEINZ2A /0 FFI4 be—h—
EHOT, B3 200 A=FEMICEWT, 7u—vEkk
M, EENER, N—F4 - 7L = i 5 DBETE
HEORDO ORE, BEWEZHAS L, EMAOEEN
X (genetic architecture) 7557 3R 2EET 3, BHBOH
TETHE, 4 2OMAEDTIEEER b LIt X EFEMDOIER
EHEHF BT AR O LT ORI R EELRT .

F2E REMOYE

AR O AL, BIURPEE B L, 5l (bfgss®
217 777, BIR%133° 337 237, HEE 1709 m) LRl (L
35° 22 167, THAL133° 327 46”7 , HEE 1729 m) &ML T
BRILOT7FHHTH B (K 2-1). RIZEKILERIRE AR K
LFRth e R R s & B, RILILBTE R /BT 5
RIFF (765 m) BT, FEEHREE 105 B, BEISE
BOEMTZRTHIELA (—1.68) L2H (—158) T
HH, FTHRRP20EZBASHAEZ7TH (2248) L8 A
(22.7) TH 5, EMBAE L 3400-3500 m ThH B, [EEH
#9160 B (11 A — 4 A), BE 2 200-350cm TH 5 (#h
FH1973). 7, RILEMAELT 2 EE e, HEB LG
EEEB L OCEBHHIEREETH 2, KL IZEE 650 m 2 5
1350 m I 7T HHEEE L TV 323, BIZE, 800 m ML T g ©
i, ITNETOLMAMICL ) 7Bt hickoTnzg, 7
T OEMRITEEE 800 m 225 1200 m TSI L, 7Dk

A U Bk AP 4375 L T Vs 3 (Yamamoto ef al. 1995), ¥
72, BE X ZEE 800 m B Lo 7, fldEIcBw»T, F
ey, JuEY, an) a4 F ko TEBTON
7nEY—7FHEL L THENTONTwS (Blfs
1973),

FIA o il O KA NIREAATE I 7' 7 (Fagus crenata) TH Y,
ZOTFBEETE T MDY, LOBEBEROBVICRGL T,
FAHER L R Ec it ona Rk CmenTwv 3,
KEREE D 7 # & A4 o 7 i B RN b
Biz->Tw3, BAREIZET 2 AARER L KEERO 7o
KEREVGE, ARBHETCEY Y LV ECEIERE (g
FETHO03m £C) HFEETAILETHL (A 1949) .55
BARBICZ L, 2BHTH 2 KFERELD 7 FHROMER, A
ARGy, TXFIEHOTITIRIF 0% WEEING Z &85
Ve —H, BIERESEEICHEET 2 ARENOS SO 7
FHRICEET 2 F =¥ ¥ L F =X ¥013, WHER 100%8#H
T3 LD, KERITY, Yootk zeficlEL
EoRVTIHTEEA E D EEARENEET L, 2FD,
FE_EARBOFMITIOb Dl WE) ko ThROsNT
W3 EWZ B (B 1986), X olz, BIEEOEARBECIAT,
2% Y ¥ (Camellia japonica), T2 Y s~ (Daphniphyllum
macropodium var. humile), AFFFEDONRIETH % & A EF (lex
leucoclada) 73 £ DEEMEDEAREAE EBABICE TS Z &
DSHANFHD 7 FHROR M cdH 5 (LK 1959). = HANEE
7FHEETH 2 ERHEAEOERER, $BICLLOESL
5 OMREE L ) SIS, FATER 7 FHTik g ORI
X AN EEHESRIT TV T it k> CHRBICE > T



50 B

W3 EEZoNS (M 1986), APIEROFEICIE, ok
) % AAHEE 7 F R BE 5 T B,

FIZE EXEFOEFANKEFTZ/yFOI/AO—V2E
b=t pan|d
3-1. FEU&Ic
70—y RERT 2 EWER, —RVIZ, BRTIICER L
FEEoS 2y PREFEN TV LN T
(Loveless and Hamrick 1984), L2 L, EIZ 74 VA L% F
WPz xy FOBRINICE T, 7e—rEYERIAICSHED
Priy FHEEL, Bwru—rERE BETELLVD
KR BEET LI EHRDHD NS & I 2% o7 (Ellstrand and
Roose 1987; Hamrick et al. 1992; Widén et al. 1994), T4 % T,
DU u—VIEWERNG 70— SREED ED & 9 i
X o THERF T4 2 I D TEE AT H 4T & /2. Eriksson
(1989, 1993) |, FEAMADBASS o —iEyER~O
V= HEREER R T2 3TREOE T AR RBL 72, (1) £
DI I EEMAIRC Y, ZOBIEERL /-
BREDAMHLZ % [initial seedling recruitment (ISR)]. (2) #£
HOFEBBCEAEMAPEDIBE LRI % [repeated seedling
recruitment (RSR)]. (3) #-H4E, FEFOMBTRIZ XS
RN ABEILICEL TEEMAIR I 5 [recruitment in
windows of opportunity (RWO)1. FERicid, FEMADRER X
RN TH D, Lizdd>T, ISR & RSRIFFELEMA Y — i
B9 2 AN T F A OGN IC H % (Eriksson 1993). —77,
L EHBEEORE—ES £ 7 0 — v SRt HEREED—-
ELTHELGNG, Z1UE, SREEKICE D ZNFNOBRE
ERS U 72 B 2 RETROEEOMAEL, LEHHMRED
Y= ERICEROY 2 2y FPHETZLEWIDDTH S
(Antonovics and Ellstrand 1984; Elistrand and Roose 1987) .
BEHEEE, 72 (FF) Mk 2RENEEDIE
FUTLNEL L TCERTE 3, BEFREO Y — v IGHE
WRES IR RIFTERO—>TH 5, M, MR T3
WETREZTES (CEFEE) ST (%) k> TEL 5.
BETFHEESED & ) IRENRRELICEET 20, Vol
BFREHHPEL 22 ORH & > TZoORRIC K TE 2,
(1) DD 6 BYWREICH - DEETFREDHE L, 220
BEFREOBED T — LM OHBENERIC&FET 554,
F—ALHOBEFHRE L 7T~ 2 HNOBEBENEHO T VR
£ o TRIZMALAEL 5 2 (JEREC & 3 1@HD . Z 0lga, H
BN LI ER AR A <> b (founding events) & BH3HIIZ 72
<, SEEHPTER S BN ER GRETHRE) & BinhE
o) I ng, (2) F—o0flBREMEERICRED, »
DEDRICT — LAMOBEBETHEPAE S &2 LEE, F— oM
BRI EREL I 2, 20, LR OTBRAYIBRRC
T LEDBBIANMEDET 2 8 ) DISREE NG, Thb
E,ﬁﬁ%ﬁﬂﬁ%@@ﬁ%4&VPk%ﬁﬁ%5o
FHEOWETH, X EFHEFMPNICE T, RAPD v —H—
THOTEXEFDOC 22y b2BANL, Sy FHROIT—Y
DRRIERHEE L, 8y F P L %y FRIDMURINE R A HE5E L 7.

3-2. MEHICHE
3-2-1. |EIOY LOHEE

1987-1988 4E, 7T EMMhoMEL BB EHL»ICTA I L
AL LT, KRUOFEME, HEHY 1100 m OAZE I 200 x
200m ® 4 ha 70 v kASERE X 117 (Yamamoto ef al. 1995) .4 ha
7uy FORTEGIEEEART, EEEFNIN 15 ETH 2,
Bz BT, HRRBAaFKLTHhE, WEEIZ20 25
30micET 2, MEER4 cm b EOMOBARTELY, 1988 4F,
1990 £E, 1992 4F, 1997 £E, 2002 fEiCHEMI N/, 7=, ME
¥y 7, J¥, LEETORA v > L FEIE, 1989 4, 1998 4E,
2003 4EIC X Az, 4ha 70y PG TR D 12 X BHERE
Y (EELTER) THLNTEY, REALELL>T0 2,
1988 fFEDIEE TIE, 70 v FNIZ 3749 KOETEFHD S
72 (Yamamoto et al. 1995), BHEEICE W TEE T 28EIE, 7
F (Fagus crenata) (20045 ha), /> 57 51 5 (Acer japonicum)

(168 A< ha'), a3 775 (Acanthopanax sciadophylloides) (88
Zha') TH 3 (Yamamoto et al. 1995), F7=, FDOFHEILOMK
iz ic@bnTEh, 20MHBIE 7oy PO 50%M LR
OB, FYFHDIEE A EBHEOFEL TV 3IGFTICHFE
LCVv>% (Yamamoto ef al. 1995). ¥4 DI H AR IZ 200
mBETH B, O FEHKOFRMREEE L, BRI

(Fr v 7O EMKORH—BREE (HBEREDERL
G D) OB ML ZITTv% (Yamamoto ef al. 1995),

3-2-2. BAREES L UEIEE

2000E6 H, 4ha7nmy t D EH4HD1, T4bblha
(50 x 200m) ZERXEF NNy FOREE 9y PELTHREL
Jo TD1lha7my FHRTEXEFOED Sy F% B THMH
L, 7vXN—F—7%MITERL7ce ZNFNDy Fi2D
W, FOLIE, BREEREHEL L. £k, Sy FO
FLEEDLIKIX1ImDa RS —F2HRELL, 9 F5—
F O OEEETREL, Sy FOBREERET L, S5,
BE 7T LGEY, ThooBhroBER2EIL -, 2O
By FOY TN A Dido%y F 2T 280808 KT
B3XIicli, BEIEEZ—ASICER L, KRIESEMET CER
Eicitts, WA T 2 ET—30C DBEBEATREL
e

3-2-3. SRERAE

DNA D#hiH4 & Murry and Tompson (1980) @ CTAB iz #T
WL HFETTo7%. %7, RAPD 75 4 < —% V37 PCR
iz & 5 DNA DOBSIRZ Williams ef al. (1990) D HEZ ETHE
LTiTo7, ERICHAOREROMRZF 31 IR L7,

(1) DNA Dl

A EFOELRTIBICAV, REEEEZAWTHRERLL
il (50-100 mg) # 0.9ml @ 2 x CTABEMICIAR L, Eil
TR DMHE L, 7un 7 4 VAER (F0u74VA4:
AYVTFIAPLI—N=24:1)%09mliNA T, M150H®-
¢ DIRMIL 7272, 2380 G, |iRT15 HEELOM® T o7, L
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Ff:“ JZEUL, 4V 7a3 —LORTHES T\ DNA O
SRVER 2 WERE L 7%, 2380 G, 4 °C T 10 DL 0E% 5
to LiERIET, TE BT (RNAase 1% % 4% % 0.9 ml N
AT > < b EIREIL, RNA Ol DNA OBEEEF-
7oo BB 7 = 7 —VIBTEH B2 \WVIE7 2/ — s pn 7 4
WVATETE (B 7 =/ — VB 2uu 72440 14 Y
FEATNA—A=25:24:1) 209mlMZ T 15 DREH
L, %, 2380 G T 15 AMBELDMER T\, @25 EIN
LTCOURIEPBRELR, 09ml DAY 7 ms8,, —LE 0.09
ml D 3MEEF U7 A (pH52) 0%, T DNA & ik
STz, ZLT, T0%LH /) —0 T DNA O LIRIEEE % P,
ER L 7=, DNA % 30 DGR S ¥, TE BET 1 ml 1A
fi#EL7-. DNA % 0.85% D 7 H 10— A4 L & TAE &l % fiv
THREY L7z, iKEIER, $5SMUES T © DNA OS2 L
TE FEE T 1-100 ng/ul ICFHEEL 7=,

(2) RAPD fi##7
RAPD 77 4 =—% T, DNA Wi 0#IE%47 -7, PCR
24, PTC-100TM 4 —=2 %4 2 5 — (M] RESEARCH) &
PTC-100 r—= ¥ 7 5 — (MJ RESEARCH) # flva7=,
RCR SSHE (20 wl) DFHAL %S 3-1 1R L 7=, PCR DRUTS
R RA OBEEMER 94°C T 3 2T - 7%, BBIE% 04°C T
1o0M, 7=—=Y 7% 36°C T1400H, MEMRGE 72°C T2

#3-1. DNA 0t & RAPD FRHTIZ A v 72 IATE D AELAR
Composition of solutions used for DNA extraction and RAPD
analysis

Solution Composition
2xCTAB buffer 2% (wiv) CTAB
100 mM Tris-HC, pH 8.0
20 mM EDTA
14M NaCl
0.4%(w/v)  P-mercaptoethanol
TE buffer 10 mM Tris-HCI, pH 7.5
0.1 mM EDTA
2.0%(0.8%)Agarose gel  2.0%(0.8%) Agarose

with TAE buffer 0.5pg/ml EtBr

TAE buffer 2mM Tris-acetate, pH 8.0
0.05M EDTA

PCR reaction mixture 0.05-5 pg/l.  Template DNA
0.2 mM dATP
0.2 mM dCTP
0.2mM dGTP
0.2mM dTTP
05U Tag polymerase
20 mM Tris-HCI, pH 8.4
50 mM KCl
2 mM MgCly
0.25 uM RAPD primer

CTAB, Cetyltrimethyammonium bromide; EDTA, Ethylenediaminetetracet
acid; and EtBr, Ethidium bromide.

B3 v — SR LERINER 51

ST I YA 7 0% 50 0T, BRBICHERGE 72°C T54%
T o720 20%D7H T — R4 )L L TAE ’fﬁﬂm&%mw , &
5417z PCR Y % 50 V OEBEE T 90 DMBLK KB % L 7.
7D, HIMRES T IR L /- DNAEEY 2T L, BRI
# L 7. 8{H® DNAH ¥ 7 )L & Operon 10 mer Kit A-E (Operon
Technologies, Inc.) D 100 7°7 4 v —%FwT, HHREDH bH

E'-{%TT/\/ FaHEMLHAI Y —=v L, 20 F¥E
DT FTA =B THEEED D SHE2RT Y FESN
Jotedd, TNEDT T4 2—%ZDHBO RAPD fBHTICEHE L
7oo COMHTTI, lha7 By MAIKEENE 271Dy F0
BOBREWNRE L,

3-2-4. F—HEW
(ORZEE RN +: |

RAPD fE#Tic & b, FEEBETFHEICEGT Y FBEHRT 55
Gl NYFRHRELAVWEEZ 0 L LTEELE, 22T,
BETE L GERTHREOS AV FREL B T4 2—D

TR E V9o NV FOHET 2 BB, AR e
ﬁ\ H % Z DR ANEFESTT & DIMIET 254 (BEis
TEEAME) LRFEZTPMIRT 2854 (~NFuESE) 3H b,
NV FIHE L B WERBEIIZE & bBIR L B vige (SR
EHEAER) Thb, NV FOEMEHAGHEERY, T4
b L SEORETERRE 2 E L. B U %508 G REFRE
HLOBERA—Y Ry PELTHANL/7, RAPD—H—%
vy 2y +F OfMEZ, TESHEZRELEEIC,
H B HHORIGTFHERBID » B I N BHEE (P) & LTHE
T2 EHTES (Sydes and Peakall 1998), DT ic 2R %R
T

Pr: (Hf?i)"—l

ZIT, pRERIICBY AEETE Oy FOGROMEE
T % 5 /Iﬁ?;L SN LHORE PRI L T, Dunn- éidak
DHEEMOIZR Y 7 r o — = OWMEMIECER X L aTER
P2 L 728, &F0FEEIC2>WTEHIL 7 (Sokal and
Rohlf 1995)

(2) vO—r&BEOHRE

ER2EE Ny FHD 7 v — v SR E ZEEOIREE ML

TRHMIiL 720 7, CNETISHRINTEAERTHS

T3% 71 #0 &, (proportion distinguishable, G/N) (Ellstrand and
Roose 1987) %M L7z, Z oiE%iE, MRS 8% V)
RT3 2Ry M (G) G LTRkooNE, ZDHE
i, 0225 1 $TOMEZ LS, RSN BPTTERRD
PVxFy FOEHIZ1L R B,

b9 —2DHEH E L T Simpson ® D % A L 7z (Pielou
1969). C DIFFUIIEM X 17z NH DD & EFIC 2 2D
WLt E, ZRonBEE2S 22y MCBTAHEEZTRT,
UTFiczoX%25rT,

i — 1)
D=1= X NN—D N(N—D
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2T, w3y FHRTIHERAD S 2 2y FOBETH 5,
O, FERENEESTRTELCS =2y F OBEENT
WAEAIE0, TRTERZY 22y P THRENTVLIEE
X175,

(3) Ry FRENRY FRIOEENETENE

Ry FREAyFRDL 22y F DRIENERZHEET 5%
&, 70775 ARLEQUIN ver. 2.000 2L T, oT3H#
#7 (analysis of molecular variance, AMOVA) (Excoffier of al.
1992; Schneider ef al. 2000) % {T\>, RAPD #IATL DZEE % T
Lizo F9HaE, Yx2v b (RADPREE) Rick)
22—y FHEEHCH-5 ¢, RAPD /S FOIRIEIZ 0 704
1THB, LEdoT, =iy MEoz—2) v FIEEE,
RAPD BB B B2 Y FOR—FEERMUICE 5, Sy
FADS 2y MNEIICBIT AN FOR—FE - Bl b8y F
DY 3y FEICBIT 55 FOAR—EE % Mann-Whitney O
UNBETIIRT 2 2 LATTE %, SHOHT (analysis of variance,
ANOVA) 2B 2FAZ, XY FOfR—FgE LTRT L
WTEB, 2FED, FTFOHIITIE—RAR DRI EFEUL
Tw5, Ry FRDY =2y FEDBIRWEREZHEET 570
By FORTFOMEEL 2, Ay FRODTFOEZ, OF
TR OFHF M2 N1 TR S &ETHEETE S (Fischer
and Matthies 1998), X 52, FFTHIITIC LT, Sy FH
ERXy FHOSHESEZHETE S, Zho R DL5,
EREEEICB W TTF - sMoBENSLOREZ2 TR THER
Fo CERILAFHHBTH S 0 2B TE S, 0 DBEHED
WiE 12 MEPEAULIRTE TFfT - 7= (Excoffier et al. 1992), E 7z, 73y
FHEOBREBIENE (0s) Z2ATFoWDTH BB L, EEMED
BOE IR IEEALBE T W, ZOBRY 7 20— OMFHEHIE
#1F- % (Rice 1989), /v FHOBBEHTH:L 705
5 MEGA2 (Kumer ef al. 2001) % FivaTo8 v ST DIEBIUERI R
B ERL L 7= JEMIEEBELR XS Rk (Sneath and Sokal
1973) #FHWTER Lz, £, Sy FROBEHEHEE L BN

(m}

LT

PEEEDIHBARE R % Mantel BE5E I & > THE L 7z (Mantel 1967) .
O, Sy FRIOMEATERE, Sy FOELBORENEE L
7":0

33 B R
3-3-1. /XY FOEEN

lha 7ay FMCRLETISHED Sy FESHLTVLEIE
DD NI (R3-1). Sy F OV, BEEEZNTN
30.8 = 28.2 (S.D.) m* (4.3-128.0 m?, 18.0 = 12.0 ¥ m* (3.0 -
54.0 #m*) TH-o7 (]3-2), KEFHD Ay Fidlha 70y
FOFRRMEEDHE L TWAE I EBRD N, Thbb,
Ry FORHEIZEFNTH 2 Z LR oz (K 3-1),

3-3-2. o0O—>HRE

BEEME, lha 70y FARKEECEENS 27HD Sy
F, BEF 215 IC OV TIT 572, 20fEHEHD RAPD 754 v —#%
AWz Lok, MECTHBMOH 22T 31 D
Ny FPB o s, 31FEEOSITIE, NI 2 © RAPD
FHEE»B NG, INLORHMO IS, BT L 72 215 8l
iZ 166 9 RAPD REEI B E NIz, s, 38D
RAPD BRI OO 547z, ZOERMIZB WL TER
TR RE L7254, H% RAPD FHEAER » B XN 3
fe (P) 13, 1.69x10% — 241x10° TH -7, 3BMOLTH
RAPD #HEcBWT, PRy 7z u—=—MfEfEIc X 3
ki chH o7, Tihbb, RAPD HEMICE T WY 2y
FoBAEERStTERE TSI EBRED N (P<
0.001), D@ RAPD #HIBE A58y F TSN, —
DEFNYF U4 EIETHD, bI—2EF v F 14 L 16 TH-
oo xRy bEHZ—DODRy FIRELTHHAT 2 LRE
L7, 27Dy FTIEEE 168 DY = 2 v M SEET
B b0t 27 DAy FR 7Dy F T3, ISR
FETOWIZBRLLZS 22y P THo, ZOMBD 20D
Ay FTR, HROBEHEETLS 2 2y F320 5 16HED

50
40
30
20
17~

10

=3
0 T | azaas B

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

(m)

BI3-1 1ha 7oy FCHEENLEXEFDAy FOHM. MTFOEFE, K320y FHBLMET 2
Distribution of Jlex leucoclada patches observed in the 1-ha plot. The patch forms were approximated to ellipses. The

patche.s with numbers indicate 27 patches that were completely included in the 1-ha plot and were subjected to RAPD
analysis; the numbers correspond to the patch numbers in Table 3-2.
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32 EARTOU Ry FICBWTBESNEY = 2y M, WIEE (GN), Simpson ® D, HF4#

s M

The number of genets observed, G/N ratio, Simpson's D, and molecular variance in 27 patches* of llex leucoclada

Patch Patch area (m?) Stem densfty Number of Number of G/Nt Simpson's D Mol.ecuar
(stems/m®)  sampled stems genets variance
3 153 10 6 4 0.67 0.87 3.75
7 61.2 20 4 4 1.00 1.00 3.58
9 19.5 4 5 5 1.00 1.00 3.90
10 8.7 1 5 5 1.00 1.00 4.60
11 52.7 19 9 5 0.56 0.72 3.20
12 30.7 17 7 6 0.86 0.95 3.63
13 9.8 23 5 5 1.00 1.00 4.40
14 11.0 30 9 7 0.78 0.92 4.38
15 452 3 13 10 0.77 0.95 4.56
16 116.1 5 11 10 0.91 0.98 4.29
17 4.3 20 5 4 0.80 0.90 142
18 26.8 29 8 6 0.75 0.93 4.63
19 23.8 21 7 6 0.86 0.95 547
20 16.0 4 6 3 0.50 0.73 3.67
21 93.3 5 13 7 0.54 0.83 4.14
22 30.5 15 9 9 1.00 1.00 3.53
23 104 7 3 3 1.00 1.00 4.67
24 383 15 9 5 0.56 0.72 1.10
25 29.9 26 8 5 0.63 0.86 3.40
26 16.4 17 6 4 0.67 0.87 6.17
27 28.7 6 10 9 0.90 0.98 3.19
28 128.0 8 18 16 0.89 0.98 3.66
29 12.7 13 5 5 1.00 1.00 3.10
30 12.4 15 9 6 0.67 0.83 3.53
32 247 23 15 14 0.93 0.99 3.98
35 19.5 22 5 3 0.60 0.80 1.00
36 314 15 5 2 0.40 0.40 0.50
Mean + S.D. 34.0+31.7 15.0+ 8.0 8.0+£3.6 62+3.6 0.79+0.19 0.89+0.13 3.61+1.31
(30.8 £28.2)  (18.0+ 12.0)*

Over 27 patches 215 166 0.77 0.99 5.51

" The 27 patches were completely included in the plot.

T The number of genets (G) relative to that of sampled stems (V).

! Mean + S.D. among all 38 patches are in parentheses.

s, 3-3-3. Ny FRE/Ny FEOEGENER

27Dy FekicBits 7o — v SREZEH L7, #

ME& (G/N), Simpson D D 2N FIL0.77, 0.99 THo7s,
Kz, BERAvFIBITzsu—vHEEEER L. EHoH
& & FEH D Simpson @ D i3 2 #F410.79 = 019 (S.D.)
(0.40 — 1.00), 0.89 = 0.13 (0.40 — 1.00) TH->7= (K3-2).
Ny FHNTEEXINC 22y POy FORBEER
HIHBERERIC S B Z L H3ER i1t (Spearman DAL EFR
%, =042, P <0.05), L&L, #3EE L Simpson D D I3
Ry SO L AR AHEEGZSED SN o T,

Ny FHERy FREICBIT2Y 22y FEOANY FOR—B
BOVGMEE, 2Fh77+38 (SD) (1.0 —18.0) & 112
+2.9 (1.0 —23.0) THot. Ry FHOL =2y MBI
BNV FOR—5E, Brs Ay FEoY 3y FEICET
BNRYVFOR—HE IV DERICNAZVILBEROoNE
(Mann-Whitney @ U = 1.97 x 10°, P < 0.001). /% v F [ O
RAPDEBHBEOLER L F/-FETH Y (0sr=0316, P <
0.001), Sy FRUICHEBHSEBEET 2 LPBDLNL
(£ 3-3),

N FROS =3y FEIBIT 3 0FoioFEHEE3.61
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% 3-3.

EXAEFD2TNy FICEB T 3T TFOEDITORE

i

Summary of the analysis of molecular variance (AMOVA)
on 27 patches of llex leucoclada. The analysis was based

on RAPD phenotypes consisting of 31 band states, The
significance test of ®sr was hased on the procedure of

10000 permutations.

# 3-4.
EXEFD 27 Ry FITEITB
Ay FEREEEE (0s)
Pairwise genetic distance (@sy; low
left triangle of matrix) among 27
patches of Jlex leucoclada. Levels
of significance were given in the
upper right triangle of the matrix:
*, P < 0.05; ** P < 0.01. The
significant tests of @sr were based
on the procedure of 10000
permutations with the sequential
Bonferroni correction.

Sou.rc? of df Sum of squares Variance Percentage of . P
variation components variation
Among
26 379.69 1.75 31.56
patches
0.316 <0.001
Within -
141 336.23 3.80 68.44
Patches
3 7 9 10 1 12 13 14 15 16 17 18
3 0.000
7 0.162 0.000
9 0.374 0.238 0.000
10 0.061 0.153 0.195 0.000
it 0.253 0.300 0.338 0.174 0.000
12 0325 0.048 0.142 0.200 0.278 0.000
13 0.271 0.131 0.070 0.164 0.185 -0.013 0.000
14 0.038 0.092 0.255 0.080 0.065 0.141 0.132 0.000
15 0.035 0.085 0.232 0.066 0.094 0.149 0.084 0.057 0.000
16 0.124 0.059 0.165 0.046 0.091 0.065 0.036 0.046 0.002 0.000
17 0.650 0.636 0.576 0.580 0.675 0.580 0.570 0.531 0.509 0.516 0.000
18 0.191 0.263 0.246 0.103 0.092 0.291 0.244 0.176 0.128 0.126 0.597 0.000
19 0.163 0.163 0.280 0.153 0.111 0.205 0.125 0.112 0.129 0.118 0410 0.177
20 0.238 0.231 0.354 0.267 0.300 0.320 0.283 0.127 0.197 0.127 0.714 0.196
21 0.224 0.129 0.167 0.101 0.137 0.132 0.101 0.133 0.080 0.050 0.532 0.092
22 0.287 0.228 0411 0.320 0.277 0314 0.320 0.228 0.191 0.211 0.552 0303
23 0.262 0.181 0.235 0.169 0.296 0.225 0.195 0.174 0.180 0.161 0.595 0.151
24 0.549 0.577 0.589 0.464 0.516 0.513 0.434 0.417 0.290 0.331 0.838 0.504
25 0.298 0.352 0.440 0.338 0.360 0.353 0.334 0.257 0.286 0.320 0.605 0.291
26 0.237 0.204 0.202 0.187 0.168 0.174 0.083 0.111 0.191 0.124 0.399 0.167
27 0.408 0.410 0.450 0.316 0.249 0.398 0.330 0.271 0.232 0.281 0.629 0.292
28 0.366 0.337 0.333 0.251 0.206 0.329 0.261 0.252 0.209 0.203 0.537 0.303
29 0.356 0.521 0.435 0.308 0.482 0.496 0.393 0.392 0.380 0.382 0.718 0.291
30 0.404 0.453 0.455 0.392 0.437 0.432 0.368 0.392 0.366 0.391 0.635 0.430
32 0.095 0.201 0.359 0.165 0.299 0316 0.259 0.181 0.113 0.140 0.514 0.304
35 0.559 0.598 0.607 0.536 0.663 0.561 0.533 0.461 0.470 0.470 0.791 0.561
36 0.337 0.524 0477 0.385 0.539 0.453 0.356 0.320 0.306 0.324 0.805 0.400
19 20 21 22 23 24 25 26 27 28 29 30 32 35 36
3
7
9 ok *
10
11
[2 ek ok *
13
14
15 sk ok *h
]6 * ok
17 Aok *k
18 dok * ok o
19 0.000 b
20 0.268  0.000 i Hok
21 0.156  0.191  0.000 ** *x
22 0.152  0.388 0312 0.000 * Hok ok ok
23 0.082 0219 0.097 0333  0.000 ok rk *
24 0362 0.647 0440 0466 0617 0.000 *k * Hok
25 0.180 0461 0321 0302 0369 0.646 0.000 * Ak
26 0.081 0.121 0.082 0.185 0.174 0392 0233 0.000
27 0.176 0448 0272 0376 0302 0513 0465 0296 0.000 Hk ** ¥ wok
28 0217 0400 0266 0278 0414 0457 0338 0224 0225 0.000 w* ok ok w
29 0.368 0.529 0402 0560 0453 0719 0479 0376 0.602 0.520 0.000
30 0382 0444 0370 0525 0516  0.651 0373 0326 0571 0462 0517 0.000 Hk
32 0209 0.263 0218 0290 0310 0425 0333 0225 0389 0272 0395 0406 0.000 o
35 0385 0.664 0.533 0481 0.638 0778 0514 0298 0.632 0517 0697 0.627 0429 0.000
36 0369  0.519 0361 0513 0552 0792 0496 0.178  0.652  0.555 0.528 0374 0379 0.805  0.000
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#35 bEXEFOU Ry FILBTBEEL Sy FERER

The number of significant pairwise genetic diatances (@s) in
27 patches of Ilex leucoclada. The significant test of @sr were

based on the procedure of 10000 permutations with the
sequential Bonferroni correction.

Patch Number of significant @y Percentage
3 0 0.0
7 0 0.0
9 2 7.7
10 0 0.0
11 0 0.0
12 3 11.5
13 0 0.0
14 0 0.0
15 3 11.5
16 2 7.7
17 2 7.7
18 4 15.4
19 1 3.8
20 2 7.7
21 2 7.7
22 7 26.9
23 3 11.5
24 4 15.4
25 2 7.7
26 0 0.0
27 4 154
28 12 46.2
29 3 11.5
30 7 26.9
32 12 46.2
35 6 23.1
36 5 19.2

+1.31 (SD.) (050 —6.17) TH o7 (#£32), Sy FHD
Yx iy FMHEBI BT oW, Ay FOEE (= 0.19),
FEAE S (= 0.29), Simpson DD (r = 0.38) L FE L
BAfRAYERD b e o iz,

27 @8y FRD 351 Mlic B 1) 2 BEEEE (0s) 03T,
43 M OBIEIERHE AR 2R L2 (P < 0.05) ($£3-4). 7
DRy FFED Y F L HBEBEEREETEL, 9@y
FiE 4 EU Loty F LEGEMPSERETH L EPRO LN
7= (& 3-5), HWEWEEMEIEGHEM2SECE R P ok, TR
bbb, 27 HD,8y FRD 351 $IC B 1T 2 BEIERETFIE, Sy
FHRIOMBEWIERE T & R LMHBEEGEIHED s kot
(re = 0.11), 2%y T ORIEHEHES F CEE RN X 2
75 AY —BERITo 7. BRUEBGRICE LTy F7, 9,
12, 131&7 FAY =R L7205, ZNETH8y FDZeiif
BEEREL Twi (3-2),

Patch
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(253
®3-2. EXEFD27 8y FITKIT B8y FHIBEHERE
(@er) (2H-T ¢ UPGMA $HEEBI R
UPGMA phenogram based on pairwise genetic distances (@sr)
among 27 patches of Ilex leucoclada

-4 E B

3-4-1. RAPD &7

AL TI3HIEE X 1172 RAPD RBVHAHARIC 2 DDA EDiIC
ELBHERIFE N S ESHEE ko, LidioT, Ay F
PUICEWTRA—DRAPDFERMZ R LA =2y M
KDbDTHBEEZLNS, —FH, Ny TFRHICEFERD
RAPD 3B psErH X ddz, Lids->T, AWFFED RAPD AT
oty FROEREZ Y 2y F OBIICER R ETFETH S
tEZOHNS,

RAPD = —h — i34 @M H 2 2 E¥EH T
2, Bifi LoMEo—o L LT, BREOBENEITSNS
(William ef al. 1993). 7=, A LORMEE LT, WETHH
EEDERBIUIN—F 4« T4 VA= TR E L e\ L
SETEhLI EAEFLNG, ZbiE, RAPD v—4—45
Mew—h—CThHs EICEET S (Lynch and Milligan 1994) .
Ll, oiibORES 2 Icb b 59, RAPD MEHTIXE
A Ch D ok, SHe—h—RBICHRETETSHS
L, AEEDREEONFCHEEICHAINTEL,
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KEOWETIE, 200D 754 <—% T 31 S 2 MH
TE, 21O/ n—viiPorn— B2 T L0
Sk B E, VYUY TNEERERSTIOLH L e—A—%
FEFTICIMA A T30 v — SR OB E A b2 2 &b
W& T2 (Ellstrand and Roose 1987). 7z, $WE R
30 8L L DB {ET-HE% v T RAPD JFHf % 1T - 7o 54, SERE
BECHEAINAHEBOMEEMEOWITEE LN L awn
EMTRIN T3 (Aagaard ef al. 1998), X 51Z, 9 —A—IC
DWTT—=VAMFy 7Lkt EOMEREOSE, 7
ZDOWTT =Y RSy 7L E0HMEROOHLY BHS5
ERENWI EMRENTV S (Aagaard et al. 1998), 2D Z &
&, vy FVEICRERET 2HEFROSHIE, v—A—#
FWMPT I L > THibNBE I 2R T 5 (Aagaard et
al1998), L7cd-T, KRBT 3y FHizhndin
F v INEICRET 2HEHB OO, 31 0SS ~e—h—%
Fwa ZEickoTHibnd7Es5, WA, KSR T, £
MR OFE- B2 HE T 2 O LR » F i
oleds, ERINOBRGBNEREZBRET2DICEEL I 5720
D RAPD [T Th o/ L &L 55,

3-4-2. U O—2ZREEDOHR
T 7))y JE (BIAE, NRETBEMAr—) 237

v — v HRIEDHEE IS B R B TR S R X T B 7
DB A R T & A0 Y (Widén ef al. 1994), T L 72k X €
FEADOI/ v — v HREEDOE (G/N = 0.77, Simpson D D =
0.99) &, HFED/u—viEYDI O -V ERREEZTD E LD

SERBUC B W TEHB XN/ Simpson DD R EOFHME LD b E
v (G/N = 0.17, Simpson ® D = 0.62; Ellstrand and Roose 1987) ,
L7doT, AELAe X EFEREE V7 0 — v SRk H#
FFLTwaZtBELONS,

3y FNTHE—O RAPD RHH AR L 22 hiz, <

DI EE, EXEFORyFRICI 0 —VBENEETSHIL
ERT, ZOEIKRyFRICEHES 70—V REDED
SIIZA, FRHZ T RTON Ny FREHEDOC = F v PSR
ENTWAE I EBRABD o, FriC, 26%D3y FITEWT,
BRI NZZTRTOBIERLE S22y b Thotz, RHFEL
kI, Pleridium aquilinum (7 5 ) (Park and Werth 1993),
Pinus pumila (/>4 =) (Tani ¢t al. 1998), Cryptomeria japonica

(A %) (Moriguchi et al. 2001) 7 & DHEYTEIC T HEHD
PRy MLk TRy FRBEE N TV S L wIRENE X
NTnsz,

AR THESI N EE 7 n—vSEoBb s LT, 7

HMBEREREEZ 55, B 5, Yushania nii-
takayamensis (¥ %7 0i%}) (Hisao and Riesenberg 1994), P pumila
(N4 =) (Taniet al. 1998), Butomus umbellatus (#>F 4 %)
(Fernando and Cass 1996) 12 #\>C, {hMIIAZEMAZERA 7 10—
YEREICH S LT 3 TSNS N TV 305 TH 5,
TIT, EXvFRERT 2V 22y F O&FF 579 FOMAae
DRICOVTHE L 7R, 7.8% DHLAEHE 125 11T RAPD
REMOEFUT DEETFEICRET 5 & & 2905 i ko f,

i

NS DT —h — DEREREIES TR ARV, FEFEC
BLTHEWY 0— vEHREEO— DD & U TR RE
ENEZ NS,

RS, X OFEL S LW E LG EEICLSZP =2y ol
ABEZ N EEMADEEDRS 2 2D — V PHEES
NB. EFFTHE—IC, APETIE, REQOEEITBD NI LD
5, BECEMICEVTOEMBAEENEL TWE I ENELS
NB, L7dsoT, b AT FOEMOIES LICEWTEEMA
BRI > TELD, BEOERD 7 n— v EiRfEPRn 2 &
B Z 5B HERFIZIC & o T, B L LA B THE
EMARIECBA TS AFE 7 0 — VSRS s
& DT & 71T s % (Soane and Watkinson 1979; Watkinson and
Powell 1993) , = D FDERELH & LT Trifolium repens (20
AZY) OWERH B, B82S <, Burdon (1980) DHFFEIC & -
THS BT % o 7 T repens SN O E 7 00— LREIER,
Barrett and Silander (1992) I & o THEZE X 17z & OO MG
agEdEmAlc L > TIN5 9, £, L, WE
L7- e A e F ERSRE NI B4 3 BERORIGEIC & > TER
Eh, ZNoDRREDE BEEBR> TV EDOTHIUE, %
NICE > THEDRV 7 0 — v ERESBHAINETH A

(Eriksson 1993). 5 2., Populus tremuloides (v =+ 7 > |B)
OWETHE, BEOEEMARBEILELTWBIZbrh5 T,
FHAICHEZ 2 — L HEENBE S 7 (Jelinski and
Cheliak 1992). Z2B&, P tremuloides D> { DA DERIZKA D
BRBOMEIMICESR L, ZO0BOBKIFORREIT I DEDE
ATHEICREBRLTETWAEI ENEEINTY:5 (Jelinski
and Cheliak 1992) . Eriksson (1993) D& Z 13, RN
BEEMADBE LR, BHOARE?S LEMRLEERS
Z T ENE, BIERNO 7 a— v st snsg 72
25, BKEOWETIE, W 2p,DY xRy MIEHOARE
Thh, ZRUINZZFNSEDTFHTHBEDHE Lk,

3-4-3. Ry FHEOELHSE

KT, 28y FHICHELREND D sl (ds =
0.32), Nybom and Bartish (2000) Df&3iTiE, MYMEIZEIT 3
LHMD Gsr OFHMIZBTERE T 0.28, EFOFPAERBET
BT 029 THotz, L7doT, EXAEFONAy FHICE
T 2RI SORE I, ML B X7 L% b OEYRE
DEMSEOBEIDDREVIEBHAS IR 2K, L
L, 7%y FEOMEIRE & HBE AT RERE 8 B A BB fR AT
SNEIPoTe, 72, Sy F O L ELEBERROMIC I3
TERBEE IR Shkdrot, LizdiaT, 8y FRICHE
M7 BRI RS s n» 2 EASRE N,
WRINZBIOZNEL % AR T 2 B R T HRENASH LAY FEHE o BE
THH%E, 77— LB OMBEEAIEEEE & B IERE o M B s
Zo oz (FEHEC & 5 Rk (Fisher et al. 2000). Z DE4, IE
By FILBENIGERTHH, ZORKRE, Ny FHEICHEE
HBESSE AT s b & LT EN G, KL,
2%y FOHL IR EREE &R EEENE O R ICHBIRERIZE D s iz
ot, £, ELEBEGERIESy FONHEERBRL Twi
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pote, DEDREDS, APETRHG 5Ny FEIORE
5B BEREIC & 2 FREERISR B¢ 2 WAEME B v L 2 0
Nnad, 2o 0z, Ny FHEIEBRHMMEEZ L 7= 6 TEEO
—2& L THAA R | (founding events) 25 2 5415, Sy
F OAHRE T TICEBINERNRD S 1384, flRA4 <
FETF— LM OBGBNSLES SR TERIC A 52, L
D30T, BEINCEA 2 AIREIC L 2R14 03y F oG4 <
Y Ry FHOBEBEIALEEL S0 E Litkn,
F— LAADMFERBEL D £ 77 — LB ORERS{LIcS 5T
%o HEIGUIZETIE, MRS T — A BB RSS2 ok
XD I EMTFIWEN T3 (Whitlock and McCauley 1990)
ZOFHE, RNy F RS ZELRETH 2 Silene divica (=
FTLE) KBITA27A VYA L2HCERECET SN, S.
divica D23y FAOMERICIE, FH L TR0 o fmE
R3% 3 T & AR S 41 (Ingvarsson and Giles 1999), 25 d S.
dioica D23y FRIE, BENCEHEBILSLLTWSE Z L2330
& 417z (Ingvarsson and Giles 1999), k& X EFTiE, /Sv FOR
—EHE Ry FEE DLy FHDOC 252y FEcBLWTEHE
KANEL, Ny FHDOP =2y FRERERICH B 2 L HBHE
SNB, I, Ny FORGBINHR &%y FE0REBEID
DOEEER & D EBEIVICHR3 4%, e XEFD Ay F2EE
e Ta=—2 Ry F; & By F) eHELA, =2
T, Ta=—0%y 5 i, 4B oSy 5 L FEREE
o RBD Sty F &L, THEAY ) 2D
Ry Fb Lt T2=2—=0%y 5| OPFHEDOTEM Ry
FH =9, Y =279, S.D. = 151) & THFAy 7, 0T
il %y F4=18, FH =402, SD.=101) XhHLHEI
INE BT EDFRS SN (T RSE, t =252, P<0.05),
L7c3>T, Ry FOIBEERIC X > T8y FREOBEESH
BERLTERIENELLNS,

FAE AEFONRNYFARREFTZIO0-2HEEEY
A

4-1. FU&IC

HTER, AR, TR & kL e TR R,
TEERORE L T 2 BENEE L Z20ZMamIcizEs Rk
1 L (Heywood 1991), £#£FI N OREIEEIGIFRIVIZZEW T %
(Gillespie 1998), &7z, BENMZIZFEEMTEI D, &
PRAEFECIRIE Z & 7w, L7edSo T, EMARSN (F: vs. k)
HERAOBENER & 2 0EMoFAICEE 2 LT HEELRE
K o—->T#H % (Harada and Iwasa 1996; Winkler and Stécklin
2002), HUEETE® T EENTE, BEMRAICE > T
B LR ET ARG I ERP e S s oo, BIETR
LROLVDERM s 2 Edise, —7F, T, A8,
e, AR, WMEHEA S L AgCEEM - Ju—VHERT
S mERCRE, ERNIKRATEGETEZ2L 27 A -0y
F (B 2WRT 2. LarL, Sy Tk, BEEEZTI
TERIIZ BT S, B OHIR, LEMEBEOTE—E,
oy FIKELEMALZ EICE > THBREIND 5 (B,
Berg and Hamrick 1994), @ & &T =y P OZEMEER

RICATEEAS Y — B ETUFT 2 L 235 % (Handel 1985),
Bl 212, TEEEAEAR SN T3 ERFNEEORIC B T
B UEETFHE b OEEIERDE L SE, KRR IR
X1 5 (Eckert and Barrett 1993), L7235 T, 7 o— ik
Mics\wTid, EHRORITAY —VICBIT 3 7 a—viEic
B 2 AR MELOZRBE MRS 2 L TFAARTH B 9,
% { DHEETYIE, TR Z L) B AT & SRR H
Wik o—YlE%ETS5 (Richards 1986). L2»L, Z:8ErYy,
SRR X o T, AT & SEE - Ju—VlER R
CCMAL T 2EOEHARIE/NMICEATYS (Eckert
2002), Ziuid, EEIRO 70— oS GRETHL L%
B CEBEEEERIET I L TEENG, SR - Y u—
VIREBIC X o THEEINE FRIZEUEE L AU BET 2R
To LEDoT, MERIEERER - 70— YR X > TBRK
XNty FTIE, 7u—rEHRHERRD ORI E3TE
XNz, —H, Ny FAQEEMARZ I - EREEEED 5
SHRDBH 5,
HEIEDWEILE 2T, LAEFORy FBEEDI =2y
FRORRENT VR LEITTRL, Z7ue—vERIckbhig
(ZA—1F) ML, ZHUCE ) s a—UBEREREINT
WA EWRBENE, LaL, FEBICEAEFDAAyFRE
N SVROEOT = 2y b OBREINTWED,, £, ©
DREI/OU—VREZLTVR202 (Pxiy 2T 2%
PREMWRIESY) REETHDEETH B, 22T, AE
DWFFETIE, 3 EOWIE L I RAPD v — 4 — %2l Tk
AEFDOYC Ry MEBINTEZEICED, NyF LIRS
NEEHAD 7 o — s (Ry FERRTES 22y M,
PxFy FHhORE, KPRy FOLMSHE) R
HoiT2EEbIE, Ny FRDIu—VEERERZHS »IC
L, Ny FHAOIO—VEEL 70— SR8 RIET
AERREERIC D\ TRE L 7,

42, HEHLTHE
4-2-1. BHAREES L OEDHE

FEORNRE L XAEFDAy FiF, H3EOHECHA
LzlhafitE 7oy FRICBWT, BISEKE T T, ¥ ouE
Wi, BRAGEECEE Ty FOoPh s MTIBRS &
IBEEER b Oy FORh S ZNEN S v AIEELL
(K3-1), 20014E6 H, HiEZ2 b OBDELET 5.5y F (U,
sy ) 220 (v F 18, 35), LR oML MIEE b
DOWWBIEEL TwB 8y F (MUT, MHERE Sy F) 22—
(Sv F15) #E L7, FRC, 200245 A, MfE%E b D8
DEET By F (OTF, My ) 220 Ry F 12, 36),
WEHERAE S v F2—D (v F26) EELK, 2L T, &%
FIEBWT, Ay F2HEELebIIcalFs—F2REL,
a K7 — FAOBOME, R, EoEE EeiRl 7.
G, ORI, FEMHEL T2 b0RTTH-
Fo EoIT, TRTOEHSERFRL 72, BHIE=—VER
WL, (SRS T CEMRE e, — 30 °C OWIREA
TOWICHEAT 2 & CREELE. 2002410 H, TNH6DRy
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4l EAEFO6/y FUBTHEHAENS VSRR PR ONLL

18 FESH D RAPD 774 ¥ —
Eighteen RAPD primers that yielded reproducible and unambiguous polymorphic
fragments in the six patches of flex leucoclada

Primer Sequence (5'-3") No. c{f X Patches where polymorphism was detected

polymorpic loci

OPA-4 AATCGGGCTG 2 Male 1, Male 2, Mixed 1

OPA-7 GAAACGGGTG 2 Female 1

OPA-15  TTCCGAACCC 1 Female 1

OPA-16  AGCCAGCGAA 1 Male 2

OPA-18 AGGTGACCGT 1 Male 1

OPA-19 CAAACGTCGG 2 Male 2, Mixed 2

OPB-1 GTTTCGCTCC 1 Male 2, Female 2, Mixed 1

OPB-5 TGCGCCCTTC 1 Male 2

OPB-6 TGCTCTGCCC 1 Male 1

OPB-7 GGTGACGCAG 1 Female 2, Mixed 1

OPB-10 CTGCTGGGAC 2 Male 2, Female 1

OPB-12 CCTTGACGCA 1 Male 2, Female 2, Mixed 1, Mixed 2

OPB-18 CCACAGCAGT 1 Female 1

orC-4 CCGCATCTAC 1 Male 1

OPC-6 GAACGGACTC 2 Male 1, Male 2, Female 2, Mixed 1, Mixed 2

OPD-3 GTCGCCGTCA 1 Female 2, Mixed 1, Mixed 2

OPE-9 CTTCACCCGA 1 Male 1

OPE-17 CTACTGCCGT 2 Male 2, Mixed 1, Mixed 2

FIZOWTHITENE 2T 57, 2 F5—1F 21X 1mDETI
Rgh, BHET 2 TEMOEEER L,

4-2-2. RERAE

DNA D filiit} & RAPD 4T 1355 3 BTl R 7= BT IR ICHE -
7zo Operon 10 mer Kit A-E (Operon Technologies, Inc.) @ 100
T4 2= 0T, ZRENDAy FIcBWT, BRESSH
DEBZRT ANV FBBEONE 7 I4 2 —DAI )~ T%
HoPUOTo7, BEEO TS A v —icB 0 THEENS
D&TERTAY FRBeNLLD (3241), ZNo6DT 74
v —% Z D% D RAPD BT L 7=,

4-2-3. F—HRiT
N Jzxyvhosal
RAPD v —#—% M7 = 2y F OFAIRE 2 T OHE
TR L 720 X T oo RAPD #E B ISR R AR 2
ERITTHREZINTHA L EID, Sy FHONFEDHD S B
2 < &b nfEOEMEM I F— 0 RAPD FHEI 2 B1ER (P..)
% Park and Werth (1993) ORZHEL Tk 7z, LT ZzD
RERT,
ul N

Po.= ;m( AIA,,,) (1 P,/m) -

- e
- C,

L
Pdgun = I IP: )
=1

pi FERIC BT 2EETE DY FOFROHETH 5,
ERICE T 2HER, F3FEOY A RAGTEBLA, £
7z, L&y FCMH LB ETREOTH 3,

(2) VO0—VEREOHTE BRTE

Ny FHO 70— HREE2 ZEEOIERE LT uTﬂYL
7eo £, CNETLLBASISNTELETH 5 THANEES

(proportion distinguishable, G/N) (Elstrand and Roose 1987)
ZEM L. CoEEE, Ny FRTERE B (V) i
WTEvFHOP =2y b (G) DEIEGLLTERDSNS,
COfEE, 025 1 ETOfFEE b, Ny FNTHILS i
WETELZE 23y FPOBEIR1 LR35,

ZoE O E LT Simpson @ D % L7 (Pielou 1696).
OB NEOB» MR ING Ny T o LEI 28 %I
DL EE, ZNoBBR2Y oy PCBETBIEEZR
T, BTiz2oX%E2TT.

_1_2

7O —
NW — l)
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$42. EAEFOESYFIBBHE M, HAHEBOK

The number of male, female, and sexually undetermined stems of the six patches of flex

lewcoclada
Patch Palch’area Stem density  Total no. No. of stems

(m)* (stemsm?)  of stems
Male Female up®

Male 1 26.8 12,7 341 205 (0.60) 1 (<0.01) 135 (0.40)
Male 2 19.5 9.1 178 41 (0.23) 1 (<0.01) 136 (0.76)
Female 1 30.7 8.1 248 0 (0.00) 79 (0.32) 169 (0.68)
Female 2 314 21.4 671 0 (0.00) 208 (0.31) 463 (0.69)
Mixed 1 452 8.7 391 54 (0.14) 32 (0.08) 305 (0.78)
Mixed 2 16.4 11.2 184 17 (0.09) 63 (0.34) 104 (0.57)
Overall patches 2013 317 (0.16) 384 (0.19) 1312 (0.65)

“Estimated on the basis that each patch shape approximated to an ellipse.

bSexes of stems undetermined since no flowers were recorded.

The proportions of stems in each patch and overall patches are shown in parentheses.

F#4-3. EAERFO65yFIIBTBHE, M, ERES Ry O
The number of male, female, and sexually undetermined gentes of the six
patches of llex leucoclada

No. of No. of No. of genets

Total no.
Patch stems used
. of genets N

analyzed loci Male Female UD!
Male 1 328 8 15 7 ©47 1 (007 7 (047
Male 2 170 10 18 6 (0.33) 1 (0.06) 11 (0.61)
Female 1 248 6 16 0 (0.00) 7 (044) 9 (0.56)
Female 2 617 6 31 0 (0.00) 17 (0.55) 14 (0.45)
Mixed 1 381 8 30 7 (0.23) 6 (0.20) 17 (0.57)
Mixed 2 184 9 46 7 (0.15) 21 (0.46) 18 (0.39)
Overall patches 1928 156 27 (0.17) 53 (0.34) 76 (0.49)

"Sexes of genets undetermined since no flowers were recorded.

The proportions of genets in each patch and overall patches are shown in parentheses.

nlE%y FRTIFHOY 22y FORETH S, ZDfEIE,
Ny FPBETRALY 23y PTHEEINTWAEAIZ 0, TX
TERBZY 2Ry FTHERENTHIEEE1 45,

Simpson @ D &9 > 7 VEe RAPD ZHM OB & E 217
5, LichioT, BEadAyFHoru—rSigks L D iEE
IR T B 7= D1, HEEIEE(E) 25 L 72 (Fager 1972),

. D(I[IS - Dmin
E= Dma.r - Dmin ’
ZZT,
Diiy = G-DeN—-& s
NN -D

Doe=NG D
GIN—1

Fager D E 3£ TOMAFE L RAPD RERZ DL EIC0 L%
D, 4£T? RAPD BHEEZRENE - icAZIc R L1256
i1tk 3,

INSD YU — v EEEEOEEIE, N—F 4 TAYN—T
R & R D BB R NG, Ledio T, BES
Ni= 70—y SHEEOBEL TERRE T oI BEL L
T3 Ll koT, BN 7u—VERN - vk

Mc RIS TSRS - LA TE S (Hoffmann 1986) £

EERRE LB ehs s n— v SRRIERHEET 57D
o, EvFhAluyIial—vaveiIok (Hoffmann 1986;
Mﬁmmwwmwmwmno%ﬂv%@ﬁyfwﬁkﬁu
ﬁ@&@D%ﬁ@%%@ﬁgwéﬂyP@ﬁ%@@ﬁﬁﬁ#%
7V¢Am¢mL,:@ﬂ&%wmﬂﬁbﬁLfﬁu—y%
%ﬁ@%ﬁ%ﬁ&ttn:@ys;v—yaymxofwmé
mtﬁn—v%ﬁ%@ﬁﬁﬁﬁaﬂw%@ﬁﬁﬁ%mmbto
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A5 LAEFOEy FICEITBE 0 —VEHEROIIERE
Clonal diversity measures for the six Jlex leucoclada patches
Patch G/ Simpson’s D Fager’s £
Observed  Expected” Observed Expected” Observed Expected”
Male 1 0.035 0.313 0.193 0.980 0.149 0.971
(0.292-0.334) (0.977-0.982) (0.964-0.978)
Male 2 0.096 0.703 0.628 0.994 0.584 0.963
(0.660-0.747) (0.993-0.996) (0.948-0.979)
Female 1 0.065 0.144 0.785 0.934 0.810 0.941
(0.131-0.158) (0.928-0.939) (0.930-0.952)
Female 2 0.005 0.082 0.633 0.936 0.629 0.944
(0.075-0.089) (0.931-0.940) (0.938-0.951)
Mixed 1 0.074 0.287 0.825 0.980 0.826 0.973
(0.270-0.305) (0.977-0.982) (0.967-0.979)
Mixed 2 0.245 0.561 0.937 0.989 0.915 0.966

(0.523-0.599)

(0.987-0.992) (0.952-0.973)

*The ratio of number of genets (G) to analyzed stems (N).

"Expected average values and their 95% confidence intervals (in parentheses) were determined by Monte Carlo simulations,

assuming free recombination of each RAPD locus (see text).

Ry FDHE[ML I 2L —vavicksTELNLE 5%(E
JEXME DS WIgE, BEINZso— VSRR 5L
BEEIHIRZICE B3O TRAEVWI E2RT,

(3) Yzxv NDBDEEN

By FILBNT, Yy b E2HET 28 0EMO%H
Rz, BEOBEL DOV 25y MicowT, Py 2R
TEROMOFHENEA B L2, 250, BLIEHEICHE
BHLY =22y MIBET ATEE (Pn) 2EH LA, OB,
BV y POEMNAZEIDEA®ET, Pad/hE W
Ths8e, B 23y FREMMCBEEIAE-TWS
ZERTFT,

43, # B
4-3-1. RAPD RBHEC kBT Ty hOHF

6 DSy FiTiE, 2ERT 2013 HD@AFD & ik (R 4-2).
Ry FHTh OEEOFEHMIZ 3355 + 188.0 (S.D.) (178 —
671) THot. Ny FHih 656 10 HMOLTNARBTEE
ERWTS 22y PRI/, Z2ORE, ATL <1928
D 5 A5 156 5 D RAPD B A T s (3R 4-3).
23y F &7z D T & /- RAPD 2 o I EIL 26.0 + 12.0
(15 — 46) TH o7z, Ay F ol LIBETERE, B
T/ RAPD REIM O $ & FEAMHBBERIE R (n = 0147,
P>005), XAy FTHALA-EBETFERICEI> T2y D
WAIRE 32 T w2 LB S Itk o T,

B & 4172 156 > RAPD 2B D 5 b, 84 iR
BBz, —77, 720 RAPD EHRIUZ—> DD R D
S (F4-4), EHOBCHE X 07 RAPD 5 (84 {8)
KOWTY xRy FRMOERYE: (P &HE L. 538
(63.1%) @ RAPD IR T, P, {Hlx 0.05 K TH o770 —

75, 3118 (36.9%) @ RAPD ZeHi#l% 0.05 £k W KE% P.{HZE
ML7, Fi, HICEHENLEBTERRS 6ol

4-3-2. NNy TFRDYO—r Rk

6D Sy Fi&, ZNFNRRLEOY =2y ML ko THE
BENTW (384-3), 70— rEREoBZEMEE, Sy F14
KERPREO N, Sy FOru—rEEEEERTRINE
(G/N), Simpson @ D, Fager ® E Dk, # . Z410.005 —
0.245, 0.193 — 0.937, 0.149 — 0.915 TH o 7= (¥ 4-5), Vv
FOMmEENTY Ry FPERHAIE A, Moty 7,
2y F, MRSy FOMICEANIRS s ik ot, v
TNENRy FOEEZE LRV (FATFTY -3 27>
KAy F) o, MEMMEET) ZLRTELR Y, LAL,
Simpson M D & Fager D E 22T, KM%y F & MEHERAE S v
FUFHE Sy F X D HREO{EE R TEEIFED 517 (8 4-5).

4-3-3. Ny FROIO— VB

kv EERT 28HOTFEEIE 126 = 33 (SD.) &
Kl = 353) ThHot (Fdd), EDRyvFdhbKREVWIS 22y
BB ENI VT 2Ry FOSEEFEL TV (K41, 3£
4-4), WSy FIeBT BT 22y PO (i) 2, 7:1
E6:1THo7(F43), v FTROLSNEMS 22y F
%, ZTNZIWC Ry N THodz, WSy F IS 22y
MEFED s o, MHERE Ay FItBI S 22y bD
VEEGIE, 117:1 £ 033:1Thov- (F43), M=%y b
W=z b, HEARS =2y 2T 2880 = SD.
&, ZNFN24+114, 22.7+73, 1.9+02TH-7, M
AHS 22y M, Ry FEBRTES 22y FD39%DP5
61% % & TWiz,

Px ity FEBETIEE, SR TOHT 2 2 &5
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OB L Pull

The number of stems and Pe.. for each RAPD phenotype in the six patches of Ilex leucoclada. Pi.: is the probability of
observing at least # stems of each RAPD phenotype by chance in a sample of N stems within patches, if all stems
resulted from independent recombination. The proportions of stems in each patch are shown in parentheses.

44 L AEF D63y FICEIT 5% RAPD %5

Paich Phenotype no. No. of stems Prex

Male 1 1 203 (0.89) <13
2 20 ©.06)  1.581x10™"
3 3 001} 7.240x107
4 2 (001} 5453107
5 1 (<0.01) 0.217
6 1 (<0.01) 0.330
7 1 (<0.01) 0.144
8 1 (<0.01) 0.265
9 1 (<0.01) 0.113
10 1 (<0.01) 0.076
11 1 (<0.01) 0.369
12 1 (<0.01) 0.023
13 1 (<0.01) 0.581
14 1 (<0.01) 0.265
15 1 (<0.01) 0.113

Male 2 t 91 (0.28)  2.537x10°%
2 44 0.13)  6372x10™
3 4 000 7472200
4 4 (001 2.630x10"
5 4 .01 2,070x107
6 3 (001 1.950x107
7 3 (0.01)  2.660<10°
8 3 (001 1.068x107
9 3 001y 1.376x10°
10 3 001  2.677x107
1 1 (<0.01) 0.011
12 1 (<0.01) 0.012
13 1 (<0.01) | 0332
14 1 (<0.01) 0.049
15 1 (<0.01) 0.050
16 1 (<0.01) 0.017
17 1 (<0.01) 0.019
18 1 (<0.01) 0.001

Female 1 1 89 0.36)  7.337x1077
2 59 (0.24)  2.780x10%
3 37 0.15)  3.234x10™
4 2] (0.08)  9.356x107%
5 8 (0.03) 0.003
6 7 0.03)  2.754x10°
7 6 (0.02) 0.378
8 5 (0.02) 0.985
9 5 (0.02) >0.999
10 3 (0.01) 0.334
1] 2 (0.01) 0.058
2 2 (0.01) 0.677
13 1 (<0.01) 0.994
14 1 (<0.01) >(.999
15 1 (<0.01) 0.878
16 1 (<0.01) 0,989

Female 2 1 353 (0.57) <1073
2 119 (0.19)  6.860x10™
3 23 0.04) 270410
4 2 (0.03)  1.979x107
5 20 (0.03) 0.221
6 14 (0.02) 0.939
7 8 (0.01) >0.999
8 6 (0.01) 0.837
9 6 (0.01) >(.999
10 5 (0.01) >0,999
1 4 (0.01) 0.064
12 4 (0.01) >0.999
13 4 (0.01) >0.999
14 3 (<0.01) 0.985
15 1 (<0.01) 0.878
16 1 (<0.01) 0.989

Femule 2 I 353 (0.57) <jo
2 119 (0.19)  6.860x10%
3 23 (0.04)  2.704x107"
4 2 0.03)  1.979x167
5 20 (0.03) 0.221
6 14 (0.02) 0.939
7 8 (0.01) >0.999
8 6 (0.01) 0.437
9 6 (0.01) >0.999
10 3 0.01) >0.999
1 4 (0.01) 0.064
12 4 (0.01) >0.999
13 4 (0.01) >0.999
14 3 (<0.01) 0.985
15 3 (<0.01) 0.996
16 3 (<0.01) 0.998
17 2 (<0.01) 0.541
18 2 (<0.01) 0.812
19 2 (<0.01) 0.995
30 2 (<0.01) 0.998
3l 2 (<0.01) >0.999

Patch Phenatype no. No. of stems Proe
23 2 (<0.01) >0.999
23 1 (<0.01) >0.999
24 1 (<0.01) 0.999
25 1 (<0.01) >0.999
26 1 (<0.01) >0.999
27 1 (<0.01) >0,999
28 1 (<0.01) 0.940
29 1 (<0.01) 0.999
30 1 (<0.01) >0.999
31 1 (<001 0.92
Mixed 1 1 118 (030 L10x10™"™
2 92 (024 3.810x10™
3 ki (0101 2.459x10™"
4 35 0.09  9.772x107*
3 27 0.07 3.638x107
6 14 0.0 8.751x10”
7 14 0.0 3.294x10"
8 13 0.03)  6.636x10°
9 4 .01 0.773
10 3 (0.01) 0.033
11 3 (0.01) 0.352
12 2 0.01 0.244
13 2 (0.01) 0.476
14 1 (<0.01) 0.172
15 1 (<0.01) 0.833
16 1 (<0.01) 0.959
17 1 (<001} 0.464
18 | (<0.01 0312
19 1 (<0.01) 0.662
20 ! (<0.00 0.480
2 1 (<0.00 0.307
22 1 (<0.0 0.991
23 I (<0.01) 0.789
24 1 (<0.01) 0.437
25 1 (<0.01) 0.884
26 1 (<0.01) 0.299
27 1 (<0.01) 0.532
28 1 (<0.01) 0331
29 1 (<0.01) 0.648
30 1 (<0.01) 0.814
Mixed 2 1 38 021y 4115x107
2 12 (006} 3.038x107"7
3 1 (0.06)  4.503x10"
4 11 (0.06¢  4.615xi0
5 10 (0.05)  1.253x10"
6 8 (0.0 5.866x10"
7 8 000 5.866x10"
8 7 (0.04)  6.400x10™"
9 7 0.00  6.899x107"
10 7 (0.04) 0.011
" 6 0.0 1044107
12 6 0.03)  5.64dx10°
13 4 (0.02)  1.340x10°
14 4 (0.02) 0.040
i5 4 (0.02) 0.057
16 4 (0.02) 0.577
R 17 3 10.02) 0,001
18 2 ©on  7.291x10°
19 2 (0.0 9.043x10°
20 2 00D 9.043x10”
21 2 oD 8879x107
22 2 (©.01 0.074
23 2 (0.01) 0.270
24 1 (©.01) 0.011
23 1 (0.01 0.083
26 1 (0.01 0.118
27 1 (0.01) 0.136
28 1 (0.01) 0.004
29 1 (0.010 0.296
30 1 (.00 0.001
31 1 0.0n 0.013
32 1 (0.0n 0.697
33 1 (0.00 0,468
34 1 (0.01) 0.974
35 i (0.01) 0.025
36 1 (.01 0.026
37 1 (0.01) 0.069
38 1 .00 0.040
39 1 (0.0 0.028
40 1 (0.0} 0.103
41 1 (0.01) 0.505
2 1 (0.01 0.505
43 1 .01 0.233
44 1 10.00 0.884
45 1 0.0 0.884
46 1 (0.01) 0.67%
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#46. EAEFOEAAvFICBITAEESE LY 2Ry

D, F—2 =3y FNOFEEBRELES X O Pu il

The number of multi-stemmed genets, average distances
between stems of the same genet, and Py for the six patches
of llex leucoclada

No. of

Average distance between

Patch multi-stemmed N
genets stems of the same genet

Male 1 4 174.0 (40.7) 0.909
Male 2 10 107.5 (66.4) 0.735
Female 1 12 146.3 (66.9) 0.621
Female 2 22 201.0 (97.4) 0.385
Mixed 1 13 165.2 (86.4) 0.641
Mixed 2 23 123.3 (43.9) 0.179

“The probability of the nearest neighbor being of the same genet.

Standard errors are shown in parentheses.

(cm}

60O

% (cm)
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£

No. of genets

X 4-1.

Femate 1

80

— - —r 1
0-20 20-40 40-60 60-80  80-100 100-

No. of stems per genet

Px vy B ORBOEEN

Frequency distribution of the number of stems per genet.
Black bars, male genets; white bars, female genets; and
hatched bars, sexually undetermined genets

Z}‘ (em) Mixed | N

1300 -}

1200+

1100+

T T
200 300

¥ T T T T
100 0 Wwe 20 308 40 SO0 660
(em)

M 4-2. b XeFolf, i, HHEEE Sy FIIBF3 2%y b LROEMIN
Spatial distribution of genets and stems in male, female, and mixed patches (male 2, female 1, and mixed 1, respectively) of Zlex lexcoclada.
Different large genets are represented by different symbols (circles, triangles, squares, and diamonds). Filled and open symbols represent
male and female genets, respectively. Plus signs represent small genets and crosses represent stems for which RAPD phenotypes could not
be determined due to the low quality of the templete DNA.
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0ot (M42), WSy FERmC P EZRL, M3y T
B, RAD QWAL Y = %y b BT BIERATE C L9

SEhiciol (846), 2D LR, OHEcBWTY 23y

FEMRT 2HPEPLTOMTE I o bTFs i (F
4-2), WIS, WSy 7 EMEHERTE Sy T, Pn ldPRERY
HEVFNSRMEERL, BRs 2y FOignd 3 HRER
FDES>THAMLT B EDBPS IR -7 (F4-2, F4-
6)o

Tty FEBETABRORKENE, Yoy FOBRET
LI L R HBEBGRIE S 547 (. = 0.837, P < 0.001).
IolC, Ny FTROKELRS 22y F2HERT 2BOBKIE
Held, Sy FOEEG, = 0829, P <0.05),/%y FDHEEK =

0943, P < 0.01) & BHELARBBHARD 5, LiL, Sy

FOWEEDHBEI NS 22y oL, Sy FOHBED
FHBIBA{R YR S 4L Do T

4-4, EF &
4-4-1. TRy hOBEEIEY OV EREOHE

2= — 7 7% RAPD BB Z L OB —Difid, HohicP
Py PELTEZONG, EEOBTHH &7 RAPD FHM
IZDW»TIE, Po fHCHHIIL 720 2 Ok, TXTOEED RAPD
RHTDMNLIOE B Z 2 I THREEIN TV S L E i,
RNy FHADNEOEHD I A5 kb {HOEHE—D RAPD
R 22 BTERTH %, P flA30.05 K TH 3 RAPD 5]
WrbolbFi, Hehkl—oY22y bELTEZION
b, Lo L, P fEA30.05 %2 2 RAPD 2B L 5 i,
C DX 7% RAPD KB, BEoOY 22y MopdElaha T
BB H B, Lo, 6D,y i, FEEICIE 156 L1
DY iy PTHRINTYT, 70— rSBEiEiand itz
SNATTREEDE Z 5415, P {03 0.05 2k 2 % RAPD 8
B, Bl Sy F2l2B0TH 0w, TOTZEIE, DRy F
DO —HREERELBPICHEEI N2 L2 FBL T
5, L, TDK I 7% RAPD REEIZ MR T 2 B0 MHEE 12
KR T/ANE s (< 0.05), Simpson D D i3, HEDOE#{HEET 3
RAPD #HRBUHE 22T 2{HAYH 5 (Peet 1974) . Fager ®
EbRAFOEMZTRT, LdisT, PEOBIC UL INh
BWRAPDEBEMAEBEOS 22y Pt SE I N T D,
Simpson @D & Fager DE Dz HENEMLEnEEZI SN
3, LhioT, ZOWRICEWTEB S a— v Sk
DT, B2y FRHLET 2D TH2 EELS
s,

4-4-2. NRyFHROYO—V SR

Ny FRPLEYDED 7 u— v ERENRD Sk, 20
ML Eo 70—V WO 7 o — v SRR 2 ) £ Lo
Bz BV TE I 47 Simpson D D 7 E DO E (Ellstrand
and Roose 1987; G/N = 0.17, Simpson @ D = 0.62, Fager ® E
= 0.68, Hangelbroke ef al. 2002; G/N = 0.44, Simpson ® D =
0.74) LR L7=. Z DRGSR, 79— SRk, MEERE Sy
FTIEE, My FTEEVSD B PN, sy Fold

RIS 2 i Ee L HBEPEO 517, L LkdSs,
KL TY » TSy FRED R (FAFY—i32
fE42) %o, ZoffEEzHET 570103, oy 75K
PR THENEL ONB, FIEDOEELFEKZ, EATF
DRy FOFET v — v HERER, EROBIRE, FEEMA,
AR ERIC L > TaBEINZ LEL NS, AR,
Anemone nemorosa (v 74 9 ) (Holderegger ef al. 1998; Stehlik
and Holderegger 2000), Unularia perfoliata (V) &) (Kudoh ef al.
1999), Viola riviniana (A 3 VB (Auge ef al. 2001) 7 E Dk
RICHET T 3 AR THYRINICE Y 0 — SRk
BmOS5NTNEG,

LAPLEads, EvFAaAsrsialb—avitkosT, &
AEFDNRy FOIO—vERIER, TV 5RIEHIL
EREL-EZICHHEINZ 70—V EREL D VERICE:
CEDED SN, YIal—YavDfEirsofbii, —
I, %3 EOHIETHS pIck o7 8y FHOEERSI i
HT 2RSS 5, L L, 70—V SRIEDHD DREES
i, Ry FAOI/n—rERICERTZLEZ NS,

7u—rSEEE, Moty F XD by 7 MR E S
FTEOHADTED S, 3 FETI, HFEmEick 39EE
MAD S 00— SRR R RIFT I L 2 #E L,
BT 2 b OMWE T, HETh 3 BEOTE Y —
VTR ELDEFICHEE L RIFTHRIESRE SN TVw 3
(Herrera et al. 1994; Jordano and Herrera 1995) . BT %
b OMEMESRRRTIE, MR Y — v 2R T E )
W& A TN T B (Herrera et al. 1994; Verdi and Garcia-Fayos
2003), MEHESEBRIE T, MEDRIEIERERET 5720, B
HOWRATINIMARICHER T2, Lo, MERE D MR
DTICBEIBERZIL LD T v, KEOWR T, M3y F Ll
HERAE Sy Fle B TREDEEIREI NI L6, %
Uy FTEEMAOEEIE I EBTHEINE, My
F LMEHERAE Sy F My F L H b 7 n— v S RRESE N 2
&, COFEEFEHLRVWEEZONS,

4-4-3. Y FRQYO— VS

KEOWHETIE, EAEFOS =2y P 2HRT 21E, #
TSI TAM LTV 5 & & T 5, BB &> T
L, BEREEDY ¥ —JBICREREZREL LTI/ R—VR
BT3, 20X IBRELZI70—VHRRICE-T, Y=
Fv P RBRT 2320k ) RFBNRERS R T T L E
AoNB, FARBICREIC X 2 70—V lERT ) R pumila (N
A=) Th, B LEROREICE > TRIFIITANBRL T
W T EAHRE X TV B (Kajimoto 1992). 7 DFEMR, RHIIC
o 7RSO TEITS 5T 3 (Kajimoto 1992).

s u— Ui ORERE LT, BHERE (phalanx growth)
L% 55 (guerrilla growth) »STEMENIC#H % (Lovett Doust
1%Dnﬁﬁﬁﬁéﬁﬁm%uawmu,ﬁ@%ﬁu&:%v
FeBET 29 A—bicBEND BIAE, Berg and Hamrick
1994; Pornon et al. 1997) — 73, 7 U 7 RE#T M, £
h3Yx iy FERENICRRL DA (BRI, Park and Werth
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1993; Chung ef al. 2000), AEDPFIETI, Wﬁy%EBwTﬁ
FVY xRy P OBEEPIMTE I EPRD N (AL
ety F 1) —7, Moty F EMHRE Ay FTRERZY =
Z2y FPELESTHHRELTCVRE I EBTD ok (HIZE, M
Ny%z,mmﬂﬁﬂw%macwbame,tX%%u%@

REERRERTOIFECTHB EEZ NS, —H, FlEETA b
WER LG E, BERERZ OB l%lfﬂﬁﬂﬁ A RAREL
FHTH 2 (Herben and Hara 1997), $EI3FEicE VT, EAE
FDRy FiE1ha 7’0y P OHRRABEICER L TOMT 5L

DREDHNTz. 1ha 70y b OFPRANTIE, LHEHEIAL 2y
FOEFLTORWIEFITH S (Yamamoto ef al. 1995). L 7=
BoTC, ZOLIBEREEATFOEFTICMLTWE I LD
Eiohd, WA, BERERE, tAEFrsFEaRECERE
MR T 2 -0 0BELEEFNTH LE I oN
%0

EXEFOL Ry MIZEBIICERLTWa Z LBRD L
Nie, 7u—r&BELEWREYTcE, RPr2— b 2MHRE
BB LI Lo TERILZEMZ A L, EEFLHT &R S
BL T2 Ak, 70—Vl cbSBRERN. 70—V EE
IEZRTEIc B Z A B T2 L W) BERBEZ SN TN
% (Slade and Hutchings 1987a, b; de Kroon and Hutchings 1995)
EXEFICRD 6B RIS RO HF2ET 3 EERIE
b5,

EDRyFHP xRy FFARX (PzFy b ’&Fﬂﬂﬁ‘%"‘i’[‘o)
) OEESWIZELNLTwE I EBRD ok, Sy Fic
KEWS 22y bPPFENES Ry b 73”2&???’“1,
Ry FILBFE 22y P YA XOHEERHIZEATHSE I &
PHEHS IS o7, 6, Ay FOmMBREIREVY «
Fv R T 20 MORKIENE & B Sk, L
BL, Ny FEHBEE Yy FEBET 2 2%y b ofuc 2B
IS SN ol, TOZ LR, 7u—rEENEEDM
J\J: DO Ry FOIRICKRESHFLGLTLR I ERZTBL T

%, [ERIC, Polygonum viviparum (¥ 78 (Diggle et al. 1998),
Quercus havardii (7 3Bl (Mayes et al. 1998), Uvularia perfoliata

(V& (Kudoh et al. 1999) ICBWTH, EFAICKIT 5P«
Fv YA ZOBEAMIEEA TR S Z EBREZI N T 3B,

EXEFORy FIEEBITES 22y b4 ADOBAFHEES
Yz 2y POTEERIIC Lo THHE SN 2008 LItk
BHNCEZE LY 2Ry M, BPOMALTERS 22y b
LIRT I —VERET A0 DhER2EETEL I
2H D %Z5% 2L TH23 (Ross and Harper 1972; Firbank and
Watkinson 1987), /S v FHDY = % v ¥4 XDOEALEDF
9285 —Do0RHEABIIEY 2 2y FEOESTH B,
C DIREE TR 298 & L C Rhododendron fervuginewm (Y
UH) O (Pornon ef al. 2000) 23H %, ZOPLETIE, P =
Fy FOEBMEE & 2 — FREROMICHE A EOHBIBIR

BROLI, DI EIFT2— l‘FXEi%ZODLQbN/“l/’?V ~D3E
HOFERRERFIC RS E%KRELTws (Pornon et al.
2mm°:®ﬁﬁ%#mﬁétmmu %%tﬂ%%ﬁow?
T 5208ERH 3,

i

BSE EXEFOVNA/OYFSA hY—H—OREL
SR

5-1. EUsIc

AT T I MRS APICEET 2 255 6 O

HOBDIRLEITH 2, [EEMTZOBRDIRLENRE S
0, —DODBETFESDI2%  ORIBBETHHRT 2. L
Lo T, BOTEREDH EGE——THswAf 70
FTIAFe—A—d, BAEKICN L TR BENERICH
BaRIETECNRER2RAET 22 00RbEE>—h—
ThH b, FE, KEEcBVWTh2A 203 F54 Fv—A—
MHEFEIN TS, ZORE, KKEIck v, ERSEOR
RIZE RIS § % WF%% (Kikuchi and Isagi 2002; Heuertz ef al.
2004), HERIANOEREIREEICBI T % HF% (Ueno ef al. 2000;
Asuka et al. 2004), BETHARE (16k - BF 0, KRkt
&) B ¥ 2198 (Dow and Ashley 1996; Dick et al. 2003) 7z &
P TE:,

REDWIETIE, EXEFICB VT, EEANOBEIHNER
W TEE R EOERL RLVDBIRT T 7=0ic, w4278
774 be—A—DFKET:, Bonlv—h—D%MH
DN Z T > 7z,

5-2. MERIVHE
5-2-1.  {EMIR

RAIRYTIA MRS ) LG TV —DIERE<A Y
v 774 MEROMIBICET 2 ME T, $I3IEOWETH
FALZEXEFDDNAY ¥ 7V S EEBIGEALDNAY VT
VEfnT, £, 24 70%5F 74 be—h—0%REICH
T BRI TIE, b A EFOOMERE,SBEI L 12 F£H
25 EERSB - D 38, &5 36 FFED DNA ¥ > 7L % v
72o TS @ DNA > i, TR (2001) T X 7172 DNA
YT GBESNEODTH S,

5-2-2. RERAEL
() T o0 TS50 MBS/ ASA TS5 U —DIER & 125
BiROY—O TR

RS/ b9 A4 77 ) ~DOERIZ Hamilton ef al. (1999) OF
A ETRE LI AETIT 7% 4/ 4 DNA % il [RIEESE Ndell
THELL TE SN DNAWTF %2 2% 7 4/ a — 2 4 LGRS
L7:#%, 300 %>5 1000 bp D4 4 X% &> DNA Wi 2 ¥ uh 6
THHL 7. ER L 7z DNA Wi K% 500 ng % Sau3Al # % v

(M) K74 —>Yavik, 945 avih v
EBEL, CODNAMIFZ 2000l DAL v F g v o3y

77— (10 mM Tris-HCl pH 7.5, 1 mM EDTA, 100 mM NaCl)

AR, —REICE X875, 5 kKEe2EtF v Tﬂi—.ﬁk
EN/AVITRI VL F K7 a—7 [5.biotin (CT) 3]

ATIVIA - avId¥i, ZOCLFy Lﬂ%ﬁk?htf
O—7IEA LA DNAW R Z 2 ML 7Y —EF Y (M280) &
fEE L Tw B3ERT (Dynabeads®, Dynal Biotech) iCiisé X
THIEIRKoTHERL 72, MR T2 MDY 7 7 —

[2 x saline sodium citrate (SSC), 0.1% sodium dodecyl sulfate



70— BTGET B MM BRREA & X & F 1081 B 2 B — v Skl L RRINZ R

#51. w4 rndF 54 EFICH 7 PCR R DHLR

Composition of PCR reaction mixture used for microsatellite

analysis

0.25 pg/l Template DNA
0.2mM dATP

0.2 mM dCTP

0.2mM dGTP

0.2mM dTTP

025U Tag polymerase
20 mM Tris-HCl, pH8.4
50 mM KCl

1.5 mM MgCla

0.25 yM Microsatellite primer

52 EXEFTHEINL BEOCA 20T IA b v—h—DORH
Characteristics of thirteen microsatellite loci in Jlex leucoclada. Thirty-six individuals were genotyped. EMBL accession numbers
are listed under the respective loci. T,, annealing temperature; A, number of alleles detected; Ho, observed heterozygosity; and
H;, expected heterozygosity :

Locus Repeat motif ~ Fluorescent label PCR Primer sequence (5'-3") T.(°C) Sizerange(bp) 4 Ho H:
ILEQI-47 (CT)e HEX F: GCGTCGGATTCTCTTACTCCA 56 186-279 24 0.833 0.871
(AJ704397) R: GCGGGTATCTTTTGAACCAAT

ILE03-01 (CThs FAM F: GGGGACACATCAAACTCATCA 56 197-223 11 0.833 0.828
(AJ704398) R: ACCTGTTGTTATTTATGCCTG

ILE03-38 (AG)22 FAM F: TGGCATAATGTGTCAATGTCA 56 268-328 27 0917 0971
(AJ704399) R: GTTTCTTCGGCTGGTCTCATCATCTATT

ILE03-53 (GA)12 HEX F: TTTGGTGTACCGTGTTAGGCT 56 150-182 10 0.806 0.793
(AJ704400) R: ACACACATAAATACGCACATA

ILE03-65 (TChis HEX F: AAGAGTTTCATTTAGCATTCC 56 188-215 15 0.694™ 0.896
(AJ704401) R: GTTTCTTTTCTGAGATTTGTCGCCATTC

ILEQ4-02  (TC)A(CA) o FAM F: TTGCTGCTAGAGAAAGTGTTC 56 72-142 17 0.833 0.858
(AJ704402) R: ACGGTTAAGAAATGTGCGTGC

ILE04-04 (GA)i2 FAM F: ATGAGAGCCAAAGATGTAGTG 56 171-202 13 0.778 0.858
(AT704403) R: CCACGACAGTTGTGTATATGT

ILE04-06 (CT)aa HEX F: CCCACCCCATCTGTCTAAGAA 56 175-224 20 0.833 0.939
(AJ704404) R: GCCAAAGCAAGAACTGTAAAG

ILEO4-10 (GA)x HEX F: CCCATAAACTTCAGTTCCGTT 56 222-275 16 0528 0.917
(AJ704405) R: CTTGATACCTGCCGAGATAAA

ILE04-17 (CAMWr FAM F: AACCCAATAACAACTACTCAG 56 199-241 15 0.778 0.901
(AJ704406) R: GTTTCTTTCAGAGACCCACAAAGTTCGT

ILE04-18  (GA)GG(GA)N HEX F: CGCCTACACCATAACATTGCC 56 233-288 18 0.750" 0.841
(AJ704407) R: GGGGAAACATTTGTCTACAGA

ILEO4-28 (TC) HEX F: TAGGTAAAACCGACAAACCGA 56 230-236 3 0139 0133
(AT704408) R: GTTTCTTTCCCACTACACAGAGACCAAA

ILE05-83 (AGis FAM F: TCTCGCTCTAAAACTTACAGA 56 107-142 13 1.000 0.881
(AJ704409) R: GTTTCTTGAAGACCAATAAATATCCGTA '

Asterisks denote significant departures from Hardy-Weinberg equilibrium. ' P<0.05",P<0.01
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(SDS) & 1 x SSC, 0.1% SDS] T¥eW» 7 L 7=, i DNA
ZEBF T ARBEICEN IS, Ay P TIA4 v — CL(ETE
&) 2V PCRICK 5T, —Z8 DNA % —4 4 DNA ICF¥
MR X7z, 2 LT, MRS Ndell iI2 & > TDNA L& LT
WaAky FEAALE U EOMEIT ko TE s B
DNAWi % 75 A3 FR2 & —pUCL18 (flfRl#5E BamHI T
LA (EEE) A S, KIBE (Escherichia coli DH5
a) oavETy MlscBAL, BEses, 0%, KB
2577 A3 FDNAZH L 72 (Wizard® SV96 system,
Promega). BigDye Terminator ¥ v + (Applied Biosystems) T
=7 Xy ARE#FTY, ABI 3100 Genetic Analyzer {Applied
Biosystems) = & o THEMF] % REL 7=,

(2) 754v—DFREEPCRICEBZ Y/ OY TS5+ MERAL

DIBIE

2A 70 FI74 P S UEERES S5 PCRT T A
v — 2 WE L f, BRENICIEY 7 Y 2 7 OLIGO (Molecular
Biosciences) # i\ 7=, & X EF 4 {H{&d DNA ¥~ 7%
WT, WELET 94—k BoA 70dF 54 F OMEIER
EEAFER, 774 =05 EIMCIZ8EERE o 7. PCR
i3 9700 H—= L A ¥ 7 — (Applied Biosystems) % FAV 7z,
PCR U (10 ul) DfAR%EF 5-1 IR ¥, PCR ODRIGIEDLT
DEMTIT o T, REIDEEM:% 94 °C T 3 DT - 78, 2
L% 94°C T4 B, 7=—1 > 7% 56°C T45FMH, fb
ERIG% 72 °C T 45 BT 5 4 7 4% 30 [T, R
ERG% 72 °C T 5 2T - %,

() Y1 F I NEGEFEORE

ABI 3100 Genetic Analyzer (Applied Biosystems) % fi\>T PCR
WIREW =M L7, ¥ 7 b7 = 7 GeneScan (Applied Bio-
systems) ZflVTeA 7 0Y 7754 F OBEFEZHREL /-

5-2-3. F—HEEIF »

bt X EF DOSMEIHEHH 5EE I NL 12 -2 6 FEH D
7= 0 3{fMk, &5 36 @&k DNAS Y I LE2HAWT, oA
Y774 FRETFECSHEERHR:, el s T 74
FEETECOWT, METESH ) OMDEETHR @), ~
FOEAEOBEN (Ho) LMfHME (H:) (Neil1987) 2HH
Ltze N—F 4 + D4 A= PO & CHEI N EETF
BMEL DR 2wl a 7HMEEIC X > THRE L% (Gao
and Thompson 1992), & &1, SEET-HEM OB THOHE
%458 L7 (Gao and Thompson 1992). B LEOfEHTICIE, ¥
7 7 =7 GENEPOP (Raymond and Rousset 1995) # Fi\»7:,

5-3. BERLUEE

RHEERCT % P U 7o 5E, 432 D 7 m—vvh, 189 fllic <4
TRV T 7 A MRAAERD 5NF, Z45 D DNA Wi ok
BSH S 2O T 54 v —% B Lz, TNEDTIA 2 —
ZM\ T PCRIGIRZ A AFE, BEHD 774 v —TH—D
RA UG T I A FERALC T B LE L S5 DNA WA O

A

BIRDZED & i,

Kz, s B34 70 FIA be—h—D%HE
BRI, ZORE, &v—A—57h 305 27 HONILRE
THBRE N (#5-2), BENSREEZRT~TOESED
WFEER, B2 —A—$H70 013355 0971 ETOMEERL %
(#52), 3fHD*4 20y F 54 +~v—h— (LE03-65,
ILE04-10, ILE04-18) \28\>T, ~F uiESEoBEMEysL:
Bk D BHEELNI VI EBAD oI (F52), 2O~TUT
BEAGMEEORASE, ANIDREFOEECEF M LY
FEThH? EEZONE, “BEOREFEOHAEDLYE
(ILE03-38 L ILE04-04, ILE04-04 & ILE04-10) =BT, %
I E R REER RSB sk (P < 0.001). L7zdso
T, INSDOBEETEE, HEEL TLAAREENEZL 55,

FOE ERIEATFERICHITZEEEBEHR/IY —

6-1. EUL&IC

JR—VEICE T A S 25y P RBES 2 -
s H 570, 2o EHNOBEBIHROZLEH~S L
i, BEWNESZREEZ o0 L RATHIT 2 BESD
%, (1) BEFHLNVOER, 7n—rlyoht, iz
70— HiRE (H5VIGREBTFESEE v, sr—v
GRREEE 7 A — P R BALE LCRRMIR 1, AWFRCTLHMALT
V> % Simpson D D 7 EDfEFIESH B, (2) WIEETL <L
DER, WINBBFLARVOERE, @BEI =Ry MR
LCHHIiE, ~7ToBeEs CofmitErd s, D, Wi
BEFLANVOBEZBICEBWER EWIZEIKTS, 7
u— VYRR TR, ELEOMARBEVGEETLI/IR—-VS
R EWKECHELNSE 2 EPHEENICTR STV 3

(Soane and Watkinson 1979; Watkinson and Powell 1993), —
7, EHEREEI E AR £ OBEREIC X - TRRBEET %
bz 79, EEMAOHESRWEFR T, BENERIE
BFTELVWEAMNH S (McLellan ef al. 1997),

F3BED NI IT) TdR7: X ) Iz, Erksson (1989, 1993)
&, EEMADBRD?S 70—V EFHO 70— SikikE% RS
T5 3MHDETIVEREL 72, (1) EROTLARAIHEEHS 1292
EMABRIYD, Z20BRIEBEREL/a—VREOARADRI 3

[initial seedling recruitment (ISR} 1, (2) MO FEEERE cELE
TMADHE D K L AL Z % [repeated seedling recruitment (RSR) .

(3) &4, BEFEOMBETIEZ 3 X 9 @S 2 EELIC T L
TEEMAIERZ 5 [recruitment in windows of opportunity

RWO)l. ZNSDEFATIRMEHBECL>Tru—Y
SHREOHERZHHAL LS L LT w3, FrEEmA, Bf
BY xRy POEEE, SWTEC oy FOBER, BNt
FA—rDOH, Yy bofEEORBEC LD, su—
v EER OB BT 3 MR- TR,

HHE T (gene dispersal) D39 — v iZ LRI OBE RS
B2 KT TEELERTH 3, BEDS { OWFETIE,
SEHEIHEE T & TN & 2 METHMORE L L TS
TV 3 (Perry and Knowles 1991; Schnable et al. 1991; Hamrick
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et al. 1993; Shapcott 1995; Tani ef al. 1998; Ueno et al. 2000; Asuka
et al. 2004) . TEW} & FET CIRIBATR DA RREAS B 22 B 7= 8,
ek T IC X 2 ETREZ K c g, BEmsEe

B 32 BETIHOBES X Il EEc % 52 LR
1% (Ennos 1994; McCauley 1997), FEFDAAHL w34 b i
WETEREIRDIENTES, LkdioT, AL~ b
oMb AW EROBENEE2H<2 - L ic Jt -, EHEWN
MBI BT 2T L 2 RETOROBER ETE 25
Lz, —J75, 8R4 Xy Mg ERN I, Hidmc X
2 EEIMMARRBIHY: BRIEKIC X 2 ORI ELSRS 2, L
7o T, BEALZERICB T 2BENRSIE, 160 L BT
& B BT BRI AR 2 & OB A8 A I 1
LR ELTIRASN S,

5}534-3:5545%0)19? T, EROAEA XY F e

FHER L TWw3 &4“%&5 EXeFEHENRICLE, Z

nnéﬁ, b X F LD & HERR I 3R & 2 3240
ALV —VREBZNEFNEMRL TL 22 EBHES Ik
7=

KEOWETE, HEsETHEIN LI 0FF54
v—A—%RnT ,htézamtX%%iﬂk BT 580N

i (genetic architecture) /3% — v %, 7 o— &R, HE
WER, N—TF1 « 74 =T Ffliih & OBETFEMEE DR
D OBRE, BEWEEZHARZZLICIIHS I L, ¥
7o, 202 EFBICE T, WS 2L ko BENRER Y —
VOEREHLPIZL, ZOREEEEL -,

6-2. MHEHBLUHE

6-2-1. BFAREL K UEYHE

WExTo22070y ME, 7FHEBHKD 4ha 7oy b
ETFZRHD 1ha Fuy FTHB, WiEDOTaY ML, 3
BLEABEOPRETHEM LT 0y FTHDH, ZOMIEIRES
BETHRRAEBOTHD, —7H, BEDOT v FiE, 2003 4
TFZRMOBEEBEEAS T A I EZENELT, K
oA, BRI S0m OMEBECEBEE N 1ha 7uy
(100 x 100m) TH 3, 2072y +TiE, 4ha7av L[
RRICHEER 4 cm L LoBoBATESTHN:, M7 ay
FELRLES L TW AT TH ), HEE, EElE
B = SD., WEWEEEEHE, Zko7ay rTt2hsh
200 A< ha', 32 cm = 26, 269 cm? hal T & b (Yamamoto et al.
1995), ZRMH7m vy M TEFNFIL 786 A ha', 18 cm =+ 4, 25.1
cm*hat Th otz (RS FFFE),

20034E6 H, 4ha 70y FACLESRKRBEETH B YA M
30 x 30 m(0.09ha) D71y b EBHE L 7= (DA, KRBT v
bEMER), REERSREETH B Y4 T, HITR D PHE
ML TWEEBBE L, MELYHNWICALETDH S
(Yamamoto et al. 1995), Z D 7=, bk X EFTEEEEAME L,
BTELCW3 Z LBEI N (B35), —77, 2003411 H
W7 kWD 1ha 7y FRIZYH 30 x 30 m (0.09 ha) @7
Ty NEBREBELAE (U8B, ZXHETay b ERE), ZXiT
&, KRB 2y FCBEENS X RERmOBELIE A<,

FTEHF E D REALTED, EXEFIFLDERL L2
LTWw3 I EPRBES N, MAD7TBy FITBWT, BoOf
&, MR, WoFE, EE5ERL A, BoEofilg, X
=FOBTERIETH 25 — 6 ACBIEL Tw a3 L D#E T Ti-
7oo BHIC, TRTOBDSIERFIL, ¥ — LESIC8H L,

(RIS T CEME NS, — 30°C OBHEN O ICfE
T 5 FETHREFL .

6-2-2. REAE

DNA OHIHIFEE 3 BT R 7= 28 5 s fE» 7=, % 7=, PCR

ickBeA 70t T 74 RS TR ERAREC

Podz. AETIE, BosHEOWRTHIEEIN A I ayF 5
A re—h—D3E 8D~ —A—%HEH L7~ (LE3-0I,

ILE03-38, ILE03-65, ILE04-04, ILE 04-06, ILE04-17, ILEO4-
18, ILE05-83).

6-2-3. TS
M Yzxyv ~oOHA

ARy TIf be—A—2HniYzrxy F OGS
EUTORECIHHGL /- TRTCOBDA 704554 Ml
GFRAHIIOEENRA 2 THRESN TV S & 2,
7ay FHONEOED G b 45 L &b lO@EH BRI F—
DOBETEU L BTEE (P,) KO (Park and Werth 1993)
PTiczoxz2rRt,

N N[
Pu= X et Porf (L= P,

x=n

ZZT,

L
Py.= (I_:Il: ]fh'([i) 2!,

P gild, B0y MBI BBGETE O OB ETFD
WETHD. hiI~NToEATH2REETFEORTHY, LiX
R L 7 BB T OB TH 5,

(2) vO—YE&RIEDHEE

7Tuy FPAD A — V%ﬁ%l_t’&:ﬁﬁ”"ﬁ@?ﬁ?&%fﬂbl“(ﬂﬂfL
7oo 7, CNFTICFEAEINTELEKTH S THIME

(proportion distinguishable, G/N) (Ellstrand and Roose 1987)
REE L, COBEEE, 7oy PRTERIRENABRE V)

ERTHY 22y FE(G) L LTRkDSN B, ZOfElE, 0
61&1@?@%%% 7ay FNTERIE i ihse TR
5%y POYEIEZ1 LB, '

ZoHDHEH E LT Simpson @ D #{# L 72 (Pielou 1696),
ORI Ty FADNEOBR SEFIC2BEI 0 L7
LE, ZRODPRRBY 23y PIIETAMERZRT, DT
ZDOAERT

1y ~—
T2 Ny 1)
wld7ay FMRIEBY 3 i BEHOS 22y OB THS, =

DNk, 79y FRTRTCALS 22y ORISR TV 218
&30, TRTELRLZY 22y FOBBINTHLESIE1 &



68 B3R,

B, £, 1000ED7—FA T v 7K >T, Simpson
DD D BNEEEE (M) 2Rz,

(3) BEMZEE

FBETECBWT, MOBETEE L ~T nESEORE
i (Ho) #EHL, ~ToEtEOHSHE H), BERK

[Fs=1— (Ho/H:)] %HEEL % (Nei1987)o N—F4 7
A UN=FEHD G ETHFINSEETEEE»SORD &
b2 7HHERIC X o THGE L = (Gao and Thompson 1992) .
Yo, ¥ 7 v = 7 GENEPOP (Raymond and
Rousset 1995) % 27z,

4) Yzxy bOEEIM

EXEFDT =Ry b DEMIFEE Ripley D KBEIC L > T
BN L 7= (Ripley 1976)s ZDHFHEETIE, 3 2y Mo
Brm YRR T S =%y VRERT 2, KBEROHE
M ToRIck>TRkDoN 3,

Kf)=mn ‘ZAEE w1 ),
I, niE7ay PRATCENEINY 22y M, AR 70y
F oM (m?), L&A 7Y PEE, widY 23y bi kO
DOIEHE, wy 3T v PEIRERBIET 20DERTHD, oy
FOTCHMNETCRAIERIC L) Ry FOSHICE-
TWw3Z ERREL TS (Haase 1995), AFETIHE, =
Fy FOWMBEERY 3y POEDLDE L, ImMBETI5m %
TOEHER @) KBWTK @) 2EHLEE, UTORTE
HL L7 (L BA%0 (Besag 1977),

LO=vKE®/m — ¢,

EEIMTOV xRy PODFIZLH=0DEHEARICT VT 4,
L@)> 0 DBEAIETDM, LE) < 0 DFAICBINHETRT.
FYTLRHEPSDEERRY ZMET 2720, Y2y +O
Bz EALSE Ty FANLTS T 2L —2 3 v E 1000
HfTVs, KBI% D 5% EIEKE %R, £z, Z DB T,
SERBEDOFREE & K ¥ X 12 Rebertus ef al. (1989) DEEICHE- 7=,
Thbb, ERHOBELE, SvFL0mhe D) OBRE
E L7, —H, EFHOREZ L, EP xRy bERPLET
AR tm OMRICE T2 2 2y FDEEDMHNSNY — v ThH
D, BOREVLQY 27T E O 2EPHOFA L L
72 DL EDfETICIE, ¥ 7 F 7 = 7 SPATIAL POINT PATTERN
ANALYSIS (Haase 1995) #{#ifH L 7=,

(B) Yzxwv hOEEHEE

7 #H £ 8 (coancestry) % f o 7o 30 323G T o0 2218 ) VAR BA I
ok >T, Y=y F OBEEHHEEZ I L7z (Cockerham
1969). MMBHEHET 2728, P =i v F OWILEETE
EZUTORETHRLL 7, &3BEomDEETFICERL
oL E, YRy M BZONIDEEFE 2N ER M, —@ER
DHBVIFZOMDMET 2R VES, ZOY Ry PO
NIEEFEE R 22N 10, 05 00% L7 (Heywood

L

1991) . MToRXCcRMEGE () BHEL X

26,-pG—p 1
PG 2D

CIT, o P xRy bk ICBTBRNIDRETHE, §
BN CRIRTIEE, p R AERERIC BTV 23y bO
HAGHEE, Nd7ny beHEETEY 25y FETH 3
(Loiselle ef al. 1995), Z DROFE_IHIE, v 7 VEHR
THHILIWWRET MY 2MIET 2ETH 5, IEHERHRIE 2
mEEE L, 14—16m £ CThH28H L7, BEHKEOARES
BMET B0, Yxiy P OMEREEL-E FEEFHOA
7YY LCEL (1000 ), FMEGEREZEELT, 95%E
EXE (M) 2RO 7%, LLo@iticiy, Y7Er7 =7
SPAGeDi 1.1 (Hardy and Vekemans 2002) % f#F L 7=
EXEFOREEZG TV ARDETZ > (LI 1989).
L7edoT, BIRENERSN S & IMEBEGICH 2 FBF0i—
WIciAR N 570, EHRICREIRSESTERSNE D1
Lk, 22T, ERICBEINIOEENRSED - Oz
Lo THPAINEDE ) PRBRET 27O TOHIETY S 2
L—a v EiTolk, HEMEL T 2 EMCEN S DR ET
HEONHD» O BEORETHAHM ST Lick>T, 4
fEEDENE D 5 VISR E b ORREZNEFNHE S
GREGFAT vy b 1 20 5% x4 {HE = 80 |k, ZXKHk7na vy
b 122 FRF x4 {E i = 88 fH{k), = T3, 3 EOWETH
RELE2TRMD ANy Fh ok s EFEHIEL T2EFE L,
IDVIal—yavplkoiDERETFHEERZHIE L. X
i, 70y POERDS 22y PRERUECHIET 2/
&b, FEEPGZNEFNL, 3liEE 7 VLIV, 30 X
30m DFEFMAILE W TEREOERE Zm ORI v Fhicd
KEORBEEWAA L/, LEN2m THEDIE, KEORRT
HBRB LI, Ripley D KB k> TP =2y FOERFHD
YA RXBEEIMDEATHBE I ERPSIC 07D TH
3. 2%, FIEMEERC W TREGEREZHE L, DLo
FNEZ 1000 FHiTv, EBROF—7 0 oEE L - RMEGREE
DY I alb—ay THRES LMD B%EEXE ) &
R L 7z,

,fijz

6-3. #H R
6-3-1. YRy hOHEFEXAIOATTSA A —H—DIEH
KRBTy FEZRMR T Oy MICBWT, 2R 146 8
& 546 HOBRBED SN SEORA 70 YT 574 Fw—
A — (ILE03-01, ILE03-38, ILE03-65, ILE04-04, [LE04-06, ILEO4-
17,ILE04-18, and ILE05-83) #AWVTP = Z v b &AL 7=,
BETED - ) OHENBET ST, RS2y FT8H
5200 (g = 148, ZXM T oy bTT7H S 23T =
1BE)Th-o7e (61 REETTY FEZKMKTOy b T
FNFIL 145 L 510 HOBRERRICC 22 v OB ZT-
7oo ZOREE, KRBT By D EZXRMKTay FTEREFNTS
e BEOY =Fy P ENSE (F6-2). 2DIH, K
AT 2y P17 (21.8%), ZXk#H Ty F T 371
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61l REMZTOy FEZEMToy o AEFI Ry FEBITEA
7atT 74 b S RIETFHEDRENE R

Genetic variation at eight microsatellite loci in Jlex leucoclada genets in the
immature and secondary plots

Locus Immature plot Secondary plot
A Hy Hg Fis A Hy  Hg Fs

ILE03-01 8 0808 0693 -0.167 7 0741 0.690 -0.074°
ILE03-38 20 0821 0907 0.096° 23 0953 0922 -0.034°
ILE03-65 10 0.846 0787 -0.076° 11 0847 0746 -0.135"
ILEO4-04 15 0.808 0898 0.101 15 0.894 0880 -0.016"
ILEO04-06 19 0.808 0.891 0.094° 18 0812 0.885 0.083
ILE04-17 10 0.859 0.846 -0.015" 10 0906 0.818 -0.108"
ILE04-18 14 0564 0606 0070° 11 0365 0575 0366
ILE05-83 13 0756 0.802 0057 9 0918 0.860 -0.066"
Mean/all loci 14 0784 0804 0.025° 13 0804 0797 -0.009"
(excluding ILE04-06 and 04-18) 0.007" -0.024"

4, number of alleles detected; Ho, observed heterozygosity; Hg, expected heterozygosity; and Fig,
fixation index in each plot. Tests for departure from Hardy-Weinberg genotypic proportion were
assessed by the Markov-chain method. ‘, P <0.05.

62, REAMTOy PEZRMT Ry MicBT B 80 -
70— iRk OHEEM
plonal diversity estimates for lex leucoclada in the o 601
immature and secondary plots ©
Immature plot Secondary plot % 40-
No. of ramets 145 510 I}
No. of genets 78 85 “
G/N 0.538 0.167 20+
Simpson's D 0.976 0.952
(0.967 - 0.987) (0.941 - 0.963) 0 I e e OO
The 95% confidence limits generated by bootstrapping are shown 0 5 10 15
in parentheses.
(435%) DY =2y P BEROBP SHERENTWE I LN 80+
Hohickotc (K61, —7, H—D@ErolREIN T3
Tty M, REBT ey TR 6L (782%), XM “ 60 -
Oy b ek 4818 (56.5%) THo7 (6-1), BEHROED S &
BENTHBEHAEOY =2y MzowT, YxFy Ml < a0
HNOBEHEZRT Pufi2BEH L7, 2o TRXTOMETH s
BT P {EIZ 005 X h HEICED o7, 20
BllD~A 7 04T 74 bv—rh—ORIENERE, KM
7Ry P EZXKTOy P THAl SN 78 H E 8B DY = o Mlnnsn, B

Fv P ERAGTHEE Lz, ~F 0 (IEHE) 0FeMEE, 0 10 20 30 40 50
EREVZ T v T 0.804(0.606 —0.907) TH H, XM Ty
b 0.797 (0575 — 0.922) TH ot (861, ~TRES
B (UIEE) &, ey bEcEELRESBEO o NP ok
(Wilcoxon #7E, P > 0.05), 16 HDETHHN I 5 13MIcEs B61 xRy FdblhoBEolEsst

No. of stems per genet

WT, N=F A DA R P S OB =D AT 5 Frequer.lcy distribution of the number of stems per genet.
Nt (361). RANTMEFOBES BT 272D, H— Upper, immature plot; lower, secondary plot

T4 2 TA Y N— T REOT RS N EEFEEEP L D



70 =51

™y :
.’_ ’:
2 4
+
" +’k‘ -+
204 ° +

154
+ (i§ * +t 4
* +
v A s %
ks 3 +
+
5 +
9 -
+
. + #ht
T T T r £
0 5 10 15 20 25 30
(m)
(m)30_w ot
+
4
& &
25+ b +

0 5 10 15 20 25 30
(m)

ZRETa
Bl EFDT Ry

KTy b (L, 78¥x%v ) L
b (T, 85¥=%y F) &
b & BRI S

Spatial distribution of genets and stems of llex lencoclada in
the immature plot (upper, 78 genets) and secondary plot
(lower, 85 genets). Different genets whose stem account for 3
5.0 percent of the total number of stems within each plot are
represented by different symbols. Plus signs represent genets
whose stems accounted for < 5.0 percent of the total number
of stems within each plot and crosses represent stems for
which multilocus genotypes could not be determined due to
the low quality of the template DNA.

Xl 6-2.

Wbz 7oy FETHIEL 7, s ORETFET X RIS
BFSEET 256, M7uy P O~TFoESHEE0TER
BOBRED 55 2 LS s, ILE03-38 Tlk, ~Taif
AHREEORE LR IERRHA Ty FTeoARED SN (GE
6-1)c —7, ILE04-06 & ILE04-18 Tk, ~F Q& koB &
WAL 7oy FTROSNE (£6-1), LizdioT, Ihb
2HEBETFETIRXANTIBETFIEET 2 WHENEZ O N
5, XoT, IS 2WETFEIR, Yoy FOEMCIEAL
7B, DA E OO BT A & 1R 72,

i
300
250
200 -
= 150 A
3 100
50+
04
.50
-100 T T T T T T T T T T T T T T 1
o L I o B3 T - S Vo WA Yo B S - < B = N o IR S T L ]
i r—4 — — — —
300 -
250 4
200 4
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< 100+
504
0
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-100 T T T T T T T T T T T T T 1
t (m)

63 HKEHMTwy b (L) EZXxM7ay b (T) ki
% Ripley D KB il AEFDP =2y bD
ERTIG — v BT
Spatial distribution pattern analysis of Hlex leucoclada genets
using Ripley's K for each diameter-class (f) in the immature
plot (upper) and secondary plot (lower). Thick lines represent
the sample statistics L(f) and thin lines represent 95 %
confidence envelope under the null hypothesis of random
distribution of genets, obtained after 1000 Monte Calro
simulations.

6-3-2. JO—2&&KE

Ty by u—rEREEE R THIEA (G/N) & Simpson
DD IE, KRBT E Y FTIZZNZF0538 & 0.976 Th -7,
—77, ZHRHTOy T 0167 £ 0.952 TH-o7- (3£6-2),
6-3-3. YrzkvhOEEIE

EXEFOMANINAES =2y b EEEOEMSEIF 6-2 12
ALz, 7Ry MIZBWT, iy ME125 15mOTR
TOHMMERICB W TERIEPSHLTwE I LT D LN
7= (P<0.05) (R6-3). KRBTy FCld, Pxiy Mg
Fom DEPHEHERL CHB I BB N, —FF, 7K
w7ay FTR, Y2y M, R 2-3m OEFREEERIBE L
TWa I EXRTD LN (€6-3),

6-3-4. YRy DOBEEGHESE

7 ay MSBWT, N2 IR TE e TE o RS
BRD oI (R6-4). KRBTy Foid, REGKIEIAS
IR CIERRDMEICS v ¥ A EF L T\ 3 2 & 23D
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0.25 ~
0.20-
0.15 -
0,10+
0.05 -

-0.05 -
-0.10
0,154
-0.20

-0.25

0-2 2-4 46 6-8  8-10 1012 12-14 1416

Distance class (m)

KEHATay b (L) tZXxHETey + (F) Kk
BEXEFI iy FORAEKEDOa LR ST 4
Correlograms of the estimated values of coancestry for Ilex
leucoclada genets in the immature plot (upper) and secondary
plot (lower). Distance classes were defined at 2-m intervals
from 0-2 m to 14-16 m. Thick lines represent the sample
statistics f;j and thin lines represent the 95 % (two-tailed)
confidence interval under the null hypothesis of no spatial
autocorrelation, obtained after 1000 permutation of the
multilocus genotypes.

X 6-4.

i (M64), X7 oy FTiF, FRGEEAR S Ik
R CHEBECADOEZRL, BEHOY =2 v RIS
LR 5z (X 6-4), FEROBENHEZ IRERDH 5
BT DS — A S e %m3naﬁﬁ%kﬁ&mWL
tofmﬁ%,Tfu/b b/ & 7 PR R o> WAR R 5

AR BOTETFH—EI kﬁémtw DREMAREOEEK
%;b%#%'ﬁ%&ﬁ%TLt(Mﬁw RKiz, EhEEOHE

F—fBICHAA I NEE TR, KRR Ty FTE, BbD
S LIRS D FAHGEEIEY S 2 L —Y a v OREZ G -EE
KEOWENE L 72 (% 6-6), R0y + T, EERD
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0.15 -
-0.20 -

025
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0.25 -
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0.15 4
0.J0 4
0.05 4

-0.05 -
-0.10 -
0,15 4
-0.20

-0.25

0-2 24 4-6 68 810 10-12 12-14 14-16

Distance (m)

KE#ATay b (L) EZXk7ey b (F) orx
EFC iy MIBITREBROTF -y oHEI Nk
FHRRED 2 L0 75 A LR ORET % — i i e
SRy alb—arhoitES-RAERED
95% {EHRIX [H & O HIk

Comparisions of the coancestry values estimated from the
actual date sets (thick lines) with the 95% confidence interval
(thin lines) generated by simulations assuming group
dispersal of half-sib seeds for Jlex leucoclada genets in the
immature plot (upper) and secondary plot (lower)

1% 6-5.

fHD I LDV 2PDH DI I 2L —2a v THREZELE

WX EOIMICAE L=, BEEED RN Tn 3

AR s o, —F, XK oy +T’, llx?le\

T RS R o ARSI EA L LTEBERM L D b EEI

%i;ﬁﬁ’é’:TL EEORE LIEHREE R, FEEML D %)ﬁ
WS LR T 2 D67 (X66),

6-4 = B
KEDWETIE, w4 r/ndF54 bv—h—2HoT
oy FEEMANL, 2OE, P xRy MBEUNOESESE R
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K66, RE#ETmy b (L) LZZM7Tay b (F) oA
TSRy BT HEBEOT— I oHEES N
F#FED 2L w77 b &2 NBOET 2~/
IRy Ialb—va vy oiftEInRAARED
95% fEIRIXH & D e

Comparisions of the coancestry values estimated from the
actual date sets (thick lines) with the 95% confidence interval
(thin line) generated by simulations assuming the group
dispersal of full-sib seeds for Hex leucoclada genets in the
immature plot (upper) and secondary plot (lower)

IHTH B Pufiild, BEICESC & BT0 5t Lipio
T RA70% T4 br=—F—xB% 23 2y FORlic
HALEEY -2 —Ths LELENS, £k, 2O00ER%E
MBI R T o728, 70y ok wORENER A
ng%otﬁ,7D~V%ﬁ%(ﬁh?i%ﬁ&)%“—
TA T4 YN = I & OMHE TSR DR h DR,
ﬁmﬁ%ﬁﬁ&ofmkoLtﬁﬁt,ﬂﬁéﬁﬂﬁktx%
T DEIBHIMEL (genetic architecture) 3EEAHH X 417,

6-4-1. sO—rEKEe I O—vEE
HED 70— YD 70— SEEERILD £ LD
%waﬁﬁéhﬁSmmm@D&k®T@m(QN—&M
Simpson’s D = (.62, Ellstrand and Roose 1987; G/N = 0.44,
Simpson’s D = 0.74; Hangelbroke et al. 2002) & iR L 7= #5258,
70y MZBWTrr— SRS »C ERRALIcko
oo BROED OB INZ Y =2y FORIZ, ZXHKT Ry
bOB7ME) ASREBEToy b Q7TH) ofi2fETH ok &
To, xRy bHEDDOBEICB LT, ZXKTay b (6.0
m)ﬁ%mmfﬂ/bUQW)@%S%T%otOCWiﬁ
i, ZXRM7ay M, kREE oy FXh b yo— ks
FELTVBIEPHES I o7, KRBTy P Tk,
TARD PHFGRIC & > TOREDIEEICRBE L, HhgessRic
FEETH B Z DO 57 (Yamamoto ef al. 1995). L 7=
BoT, KEATB Y M TR, EXEFOEEFIEETIHD
D, 7O—VEEILIY Sy FRBERT 2 FCIcHOHETRO
PHICE 2 TI A= bRV 22y FORTET B -0, EROF
BT o TR FOEAERBIC L PEo TR EELS
N5, —H, ZXKMKTay Tk, HEETHOBEILIC L 255
s, BEELAEY 22y MRy u—rilERTv, £
FETHILBTELZLELENS, ZDXH I, ZRKMKkS
Oy ME, KRBT oy b LD S EMOREREEATLS
tEZo6N3,
LeLads, 2k 7Tey +ig,
xRy MEDITHEL %L v, EFOREREEEIC BT E
EMADEEZBE T 270, ZXK70y P L b bFREDME
AREMOY =2y MEEHEEL, M7y b EHKLAE, o
DEMIL, FEIBLF LB TR -7 HHLE L ohoF DR
WA FMCEFET e A EFERMTHE. ZOERICEIT S
0.09ha H7D DY = Xy M EBEIZZNFN 1088 & 1329
i, EEDBRE2 OV 22y FOIISSHE, P2ty b hHTD
DEEIE 123 B EMEI NIz, LcdioT, Z0EMIE Rk
TRy PEODDESICIU—UELENTEL, FEBREO LD
ﬂ-/utyﬁﬂ“fd“éé EWbrot, koT, FERIC 22y b
BN 553, ZoOMINE s n— /TX*ELJ: LEOMEME Db
BOTH D LAEbDTHEI ENELONG, P2y b
BOBWIE, P22y FPOMAETTEDNS VAL - Tk
TL B, ZXW7ay FTlfEeic s o— v REBTHhIL
TWVEHLD, LEATA—FDB/BHBLTHS 22y FELTD
FLREEEINZDTY 2y + ORT OB B EELS
NbH., Lo T, ol h el iy MDBEMIL, &
WEEDOMARE L S SIEVIFETRICL2bDEEZ LN B,
70—V EREDIRETSH 2 Simpson DD % 71y T
e 2E, REBRTSTy ~ (0975, 95%EMEXR : 0967 —
0.987) X hbZX#H7my b (0953, 95%EMWXEM : 0.941 —
0.963) PEMMHKDRALFTHO>HFDRBFA b (0.902,
95%EIEX [ 0.841 — 0.954) THEEWI LA L, =
KR 7ay b PEMROBEBAE LTy Dvg A P T
LEOBLOMEEINTHEY 22y FBSBDH LN, J’L
BNV x 3y MIERIOARA XY b, HBWIFEMOIEY

KE#HTOy P LD D
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MERETEEL, /u—rRE2TVASOEEE cEEE-
bDTHLEILDBEZLND, L XEFEFTIR, yu—y
BRIC & D 70— VIEDFET 2388 T 11— SRR
DT BEEMDBH B Lo, Lo Lads, A
¥, EBRICEEDMADRS 2720, Z0ru—vSREoimdy
BREEMAZON TR EEI NS,

6-4-2. BENEEREEFIEH

VAU HTIL be—h—ERGTECBOTEBE SN
T nESE (RHE) OB, BhitSEERT0.68,
LA T 0.65, BE D P EBIE T HARET0.73 ThH o7
(Nybom 2004). L7z%35C, W7 m vy bt X EF OBEH
ZERIE, BB TR ORI L ) DV LAY
LI DT, KEOWETIE, 13MOBEEHEBKICE LT
IN=T A T A Y N— T i S EiEE S N B BET AR X D
bHEIM-Twa 2 LR 5k, BT, ILE406 &
ILE04-18 T, Mi7'm vy b TAT oS AEEOBEMIcEE
RIMAPRO NIz, Lo, 02 EOBEFEIER
LNNSDRETEET 52 2 ENTBING,
2EOBETEOEEESE, ZHZFNERA T2y FCIE
DI, ZXH7ay F TRDERR L. BEERSERAD
EICEBICRS 2 Lid, ~TFuBatEEoRgEEnrziszn
N=F A T A VN RO T S s M ED & W
LTwa I EPlETchsZLw2ET (Hartl and Clark 1997).
L7zdioT, KEBOWETIE, b AT, TREMDFEIHL
Txty P OREBITHOEBRSENT 2 LR INE, ¥
0 — Y %Y 2 Quercus chrysolepis (7 F %)) T, P2y
FHAR (P 22y b Hk) OBREPHENTHRAR L~F
UEATHZEETEROMICEE L EOHEMPIENED &
, 7a—VvERETS Zicn L AT uEakchs I b
HIEIC BT TH B & & DR E 1172 (Montalvo et al. 1997) .
KEOWETIE, BROBERET LY 2y FO#UE, —X
W7y FASREAT Ry PO 2ETH ok, TOTRMT
Ty bTIE, BROBEEET LI 2y FitBiFa~FulEk
EDBRBTFER (n =37, ¥ =52, SD.=08) iF, —OD
BORTHEEINEY 22y MoBWT 2 ~F 0iEE0EETEE
# (n=48, ¥ =53, SD. =08) LEELENRD LN
757z (Mann-Whitney's U = 822, P > 0.05), L7435, k&
AEFTRID—VEREILBWTIAFRESEDOY 3y b3S
BSICERTHh 2T R e #E L oM B, i, EAE
F ORATERHEDBLR 0 & ~T o AN E OB A HE I
2, ZXRM7THy FPRTHIEL Tw a0 22y gl
B, ZTNENLO%LE 3% THo7., FELZOWRIcEWT
b, LT3 LMoY 2 2y FOHEGRZN TR 17% &
3% THo7. TDLIIC, e AEFDEMTIE, FHHERIC
M7 2Py FMEUERON TR Z L pBD oz, K
FHDOEBNEVEE, HEE LM ON IR AR I — 8y
T, ZOREE, M2 K FIc#EE S 2 85N R ofbik
MEEEZ XA L 2B AICHEINSZMHELY B Icr 3
(Robertson 1965; Rasmussen 1979; Falconer 1981), = 0 & &

A,

IZSRASRDICHEEZI NS Z L3, BEIC X > CTFEBh kX
NEnZ ERFHRET S (Balloux 2004), L725-T, 2O
FIOTRIE, XA E w B TER b BRI &R e~
FUuEAEHEERHET 20 Ly,

6-4-3. EBEhEE
FEREERHE-ava 760k ->T, Y22y FOEE
MG E Rz, ZORE, W7ay MoEBwT, HEIEE
DELETZZEPASI o7, 7By MIEBWWT, I
SRR R A IE 0 =M B SR s vk, Ziud
— RIS I RB B L IMBROE O FEES2 BT 5 (Sokal and
Oden 1978; Epperson 1989) . ZWf2ETid, LA EFDY = 2 v
FMCBOWTREFREZEBR L 20T, Z7u—rREOREIIHE
BENTw3, L7adioT, MTOEPHARIC X 5 IEME
BIRIIHEE 2 TERLT 5 R <‘: LTEZ2 65,
Eialb—varOER,rs, KRBT Ty F OBEIREE
i, GERBORET- IR S NS OB ERHSE &3
AEY, ENBOET IR X NG 0RIENREE &
WAL, EXEFOREZZVTWAHOET2IERT 57
& (IR 1989), TAL5 DFEFH NN TH 2 AHEELE .
L7ehioT, LA ETDRERBEFIERL LERBICH BE
FhH—EIFbEONTHAENL I ENEZONE, ZDk
I, REOHBRICL > GEBNENHER SN Z L EL
6 %, [k, Hamrick and Loveless (1986) (%, B {GRURE
DBRENREOHECHETHAETH 2EHWOTE Y — i
RET 2 AR £ 1800 L TV 2.0 213, Neolitisea sericea (2 0
#"%&) (Chung et al. 2000) % Cinnamomum insularimontaum (= v
74 J&) (Chung et al. 2003) DR T, BENREEIIED S
Nipo72d8, Zie OREFPICARE 2T (12 mm) 2
=2 L, BIE—EICEME L B0, BT v 8
LICEAAIN D T L BHEE Z TV 3 (Chung et al. 2003) o —
75, Pinus albicaulis (7 A1) 7131 =3 ¥7) (Furnier ef al. 1987),
Swarizia simplex var. ochnacea (= * B}) (Hamrick ef al. 1993),
Cecropia obtusifolia (4 7 2 4 #}) (Epperson and Alvarez-Buylla
1997) DWPIFETIZ, BS—EICEROMBEHEGICH 2 BT 2
LEDBATT 5 EMNTTIRHEHS PR > Tw 328, EFHD
FRERBENESEFET 2 2 LBRAD STV,
Rbalny 7 A0MOZEREHEHNICFHITE 2 5
FAFES 41Ty (Sokal and Wartenberg 1983), L2 L, S
WEROEMOM WS 2IcHi 7oy FTRL2 Z LAY
Sifce ZXRMT 0y bR, N A BERERS T RS S
BRIEOEZR LI D TR, K& IENERE T c R RE
DEBERAOMEER L, Ziu, BEoY =%y MHElc#E

BHILPROONB I EE2TRT, HIZOWETE, AL
RNy FHRICEFTT2Y 252y FEICERGEWENERZD 51

Teo =7, BRBAy FIEETSY 22y FEISERENSL

DD SNz, LizhioT, AEDOPECTHED 5 B 4E
GEifER, H3EOTEORMBEXERTEILOLEALN
2o Rhus trichocarpa (v N <) (Chung et al. 1999) * Rhus
javanica (X LF) (Chung et al. 2000) T, EllkERICB
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OEBMMEDR L D BEETH L I EFREEIN TV S,

IR Ty P ORGSR, £REOBT—E IR
ENBIEFTTRIHATE R0, TN, BREOHED
fibiz b BTN — B Y b B L 2R TS, 2D
YEal—YarvTREROHANNI -2 I VT LICHREL
7oo LAW3o T, FEBRICHKZREOBA Y — VIR BH 3
ZEMEZ NS, READBHFICTE Y — v PEFHCRIC
o B o &I RESH B (Herrera and Jordano 1981;
Hoppes 1988). Hoppes (1988) %, A% X 3T OBAE I
R & OIEHESEEN 2 B ENI ks b 2HLIC LT,
¥, BEVPRECEELRYA MicEhT s b hicL
7= (Hoppes 1988), Godoy and Jodano (2001) &, Prunus mahaleb
(7 9B DORELSTHBLADNA» A 70T 54 b
BETHAREL T, SHEEHELL, ZoE, BEIZL3
FETFEBAT PERE D TP YLl 6.1 m T, T 08 PERE O SR EE AR
WANZ R IEMERERICHE o TwB 2 E &R L & (Godoy and
Jodano 2001)s XM 7Oy bDEAEFEFMIEAL, X
EFRBEREBEL TV IEBBDONTV S, ZRKT
0y TR SRR, BEOR - 2 TE S
§— N & o THERT-HSEHE & OFEcfiE L T g3 =
LT EN-0hb Lk,

BTE RETE

7-1. JO0—ViEYMEERAOBEGRY—H—0OEA

KRIFFETH, RAPD &4 704554 b &) iHEOM
Be—A—%2HAVTEeXAEFDS 22y P 2R L2, 2O
HOBAEHICEWTRAL RAPD #REH B0k 7 0¥ 5
4 MEETFESRBEI N, £, 20X 5 RERSHER
ZAMERIL, FEAEDEE, HMEWICERIECI LS
BDiTle oo, TERE, DIENSKEENTEL7 v — Vi, W
AT BTY =2 v P ORERAIIERNA S I IRES
NTER, Lal, EXEFOLI T BTSSRy b
DIIHHEETH 2EAIC L, HEv—h—%Aviulzhs
TRETH B, DXL, XMETHE, BEe—Ah—ro—
VIEMERIOY = 2y P OB ES R Y -V ThH B I LR
SN,

AFLP 25 3 E L4 4 ZEOWHE CH /2 RAPD = — 4 —i3,
WRETZEDS /7 MERHEBELE Lavisd, HECSHED
BETEZAMT 2 I BT TH 2, TIRZ, 70—Vl
WERMIZ BT 52 = 2 v F OFi43 AFLP  RAPD % V> T
B fThiL s & 9 14 - 7 (Hsaio and Rieseberg 1994;
Kreher et al. 2000; Suyama et al. 2000; Moriguch ef al. 2001;
Douhovnikoff et al. 2004), L L, N & EEME——TH
L7, WIMET L RAVOBREEERICHEETER W E WS
REH%% % (Wolff and Morgan-Richard 1999) . TEI3-HET % i
& T B OBET L (gene dispersal) /84— 1%, #£H]
HONIRET L RVOLERE S5 T—2DERTH 2, L
o T, WILRET L RV OEROMITE, BRER OB
YAT LDBICATIRTH 5 (Heywood 1991), FEEDITLE

i

Tk, BEEe—A—THETA VAL LM Tra— Vil
YEFHORSDEET LV OERPFEINTELD, 74
VYA b DBIBHZERORE LK (Tani e al. 1998; Sydes and
DPeakall 1998), MM DR ILEMET L AV OERZ--7ICiBE
ENTOkhrol, KIFETIE, LXETOTL 70774
Fe—A—%BRL, cAEFERRENTLILICEST,

ANIREF LRV OEREZIE L, 2 OMR, FEEREOR
aBEEMICE VT, BENEZRIABE TS D, 70—
VHERRERER o TWA I LWL IR T, Lo T

McLellan et al. (1997) iz & »> TN TEL L H I, K%K
TREAEFIBELT, BEFHLRAAOER (Fu—rFik
) ERLEEFLVOERESHTLLRACEAZRE L0
ZEMHS TR,

7-2. EXEFEORER & HSHE

Pllokdic, Bge—p—2HnwaztickoT, EXAE
FERMOWEE 7 A=+, Pxivy b, SRNTEET LV
HRGBVANTIRAB I ENTEL, 22T, RIT, EXE
F O DTER & MEHFC BT 2 Icon»T, 9A—F, V=
Fv b, RVGEEFEVIBRZLAN» SEEEZRAT, B
rvicix, (1) koM mOREE, 2) 7v—rBEEo
Al LR (3) BEWREOBR L BEC>VWTZNEFNE
BrH AT,

7-2-1.  EXTFERRNICEIT ZEEDZEENHE DA
HEIBOWETIE, LAEFRZAAyF2IBRT 2 I LD
5N, TNEDSyFid, 1ha 70y b ORRATIZER AR
TAHEIEPHE IS, 6, HABEDOWETIE, A
EFDORAyFREFOI 22y OB ENH, FFho
Py b u—VEEL THBEEZEMELE I LIcLoT
BRENEZLDTHEZ EBPES IR, TDEIHIT, &
ABFHEFAICIE, Ny F, PxFvb, FA-—FLWIED
DR 5 2 2 ZRBEPTFELTWR I LBHL 2 Lk -
Teo

W, o BREMACE T 3@EONTHE S v ¥ 607
PERHHETH Y, —FHOMTHEEAFIEDTH . (HIZ
iZ, Hubble 1979; Armesto et al. 1986), FRMALLEIC BT 5RY
— I BED Y — ik, ST ORI —E (5 2,
Yamamoto ef al. 1995), FEEIEEGR (5l 2 1%, Frelich et al. 1998), R
SNFTHAT (B Z21F, Manabe ef al. 2000), 70— vikE
(BlZ24F, Chungetal. 2000) 7 EDQERIC L > TR E N3,
Z2LT, o OBERIFRLAREMA Y — VB TERT 2
(Petraitis and Latham 1999), 7 0 — Y RE & -T, HFEE
D FAF oM EER (5 A — P #2EDHTZ ETEL 28y
FREE I, B DEYTHRD 5N T % (Silvertown 1998), &
AEFOT 2Ry PURERIBZ7u—vEEIck-T, 20
JEENCHT T A= REDHL Ty FREG2IEIE T
BZIENPL,ICE T (BaE)., LaL, EXEFDAY
FTlt, =DV 2Ry M/ O—VREIC LS T—2D %y
FREDHLTVEZDTELEL, RO 22y P BEL 7
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O—VERERITIZEICE S T—2D 8y FR2EHHLTL S
ZEBHSPIT R0 (HAE), TDkI RSy FEVIRS
NIEHAOERT = 2 v + DN, £ OFSEMBERET
HHEEZONIZRBIAT vy rchBOLNL-(EEE), o
DI LiE, BEOHRA R+ T Tli—0—D DT DHA
MI VT LTREAMRo T ORI L 2RBT 3, Fo/-fETE
kbl THRNE L TTonEL NS, T, —0EOE
HELT, EXEFOREDHENEL SN D, EAETITE
ERL T 4 HOBF2EET 249 (LK 1989), B
DREZERD L, FBRICARCEEOBT2IM AT &I
mh, TDROIC, BEMNIERIT 2B kom0 HE
DREEEN, —HFNCERET R Shs I ickd, %
DFGEHRE LT, BohWEIcELEDMANREL, 2N6EEK
DY 23y POIO—VREICL o T—2D8y FHBEEN
S, Lk, BA4EOWETIE, —2D 8y 73 ELE
B EOY 2y FTHEITVW A ERPLIcE 0T,
—DODRFEREL L L 4HOET R 0T DT, H—RHE
DEFR—BICHAmENE I LIBRTSY 22y FOROIO
BTNy FTCROONAEC 22y POFEBHTE RV, #
T, RICZOHOBERE LT, BEOFEIRY—vick3
Fo B FHAAIEL NS, BHMHEMET 2 b DT,
8 B R SN 212 84 7% { 4 284 (Godoy and
Jodano 2001) PREDILE H KO TicEHR T 535E (Hoppes
1988) HHREIN TV 3, BFHORETEIZREEZ DT 20
Py PBEF TRy FTITONTWERZD, ZDLH%
23y TR DB & R THETFRAmOEEIE 2D, EED
MADEL T, PRy FESEIMT 200 Lk,
—%, 7u—VEEPRS NAETHARC X > TER I
Ry FHLELEPIHT B EBRDON(EEIH), Zhb
DRy FOEFTBEFTE, 1ha7ny FPHOSFYOEFL L
WHEOREAL 724 b TdH o 7= (Yamamoto ef al. 1995), L 7=
BoT, TDEILETA ML, EXAEFOEFIHEL ABET
bhororELONS, BEDX I, NEEEFAY—LT
Bru—-vREEETHM, ZLTXDRELEMAY—LT
BAE— BRI X 2R T A Lic k> T, BEXAE
FEMADMEO RS IBEENCERIN TS LEZ S
N5,

7-2-2. EXEFEAREHITZ70-VEHGEORIE &S

HEIBLEAEOWR T, EROAKRA XV M5 O
FORNEWEEZOND X EFEMZERNRICHIERED -,
ZOMR, EMEFICE Y 0 — Y SRENRD Sk, —
T, Ry TR, BREBRED S -y EiRENRD sk,
FoHOWHR T, BA2FEERMICH? LEZSNLERMM
Dy u—vEREER R 2, ZOfHE, EFOFRKECHEN Y
01—V HRREIEINA T B 2 LS Bl o T,

MBI 57 a— SRk, FHEEMcksY 22y
FOMAE 7 O—VRIZE B T A — P DIADHIRITY 2 TREE
THESENG, ZOFWEHE 70—V EEZBUTIMALT
(2P xty b T A= bOEE IR LB, EENER

ko TEE R 2 (Bckert 2002), 4 EOWHE T, &
AEFORyFREHL T/ 0 —v SRRl - #EFd2H
FAxEFEL 7. ZORR, MEEzbO2B2&L Ay FTru—
VHRREDTE DS, HEEER b OMBB YT Ay F -
SIEEDEBEE RS SN, BEEFRET % b oY T
1%, BEOBETESMARICR 2729, BFHHEbHL Z &8
e X LT v % (Herrera ef al. 1994; Verdd and Garcfa-Fayos
2003), AW TH, BEOTEI/Y — Ik E L =T HEE
OBREI X TAy FHD I 0 — v SREOBENZELL T
LIEDEZOND,

kAT, EXEFEROY v HREEDEIH - HERFC
BEEEMEIC L ZELEOMAPEE CH L Z EDBHS IRk
e B4E). KIS, BeHEOMAETE, BAZHEE GREHR
Tay b EZRWTUY M) oru-vEREL S u—-UREE
EREL7. ZORE, EHOFKEIMFE->TP =2y OB
WG 248, ZORERT A —F OENBREICERTT - LK
WZ eI, XM T ey FTRERIC I e — R
BITHON TR, A T7A—FBMELTLS 2y b
ELTOWMBREMENEDTY 2y F DL OBREIFE:
EEZONG, LIdoT, WoalhELlidzRy ol
i, EVEEOMARLE S IcBORHTRICLEbDEEL
bNb, £/, Ju—VvERICLD 70— UEENHET 5
BT o— v RENES T2 EARH 5 2 Lithhol, T
IR T, EE L EHAIE B L TEEDIMAEIER G
ATIAFEV 7 — SRR 2 EBTFHIENTL
% (Soane and Watkinson 1979; Watkinson and Powell 1993), L
TebioC, AWIRTH, LEFPICIZEBRICEEOMALS 2/
O, Z0ru—rEHREOBIBEFNZ 6N TR LEEZS
ns,

7-2-3. EAEFEARICE T2 EEHEEDTE & &
HEIEDWETIE, EXEF Dy FEIOBENSLATFE
THILPRD OIS, BOHEDHARTIE, w470y 774
Fe—d—2HAVTHDEET ORI 2T Lz, 20
B, EHOFEMRERICE W T T TIOBEIESTFET 5
T, EDFEELLERTIREINEENNE S Z LHS R
W7ot

WENEER, BETRE, BEREE, BARKORBRL
LT En, X5icins nBEi, Kk, TEnems
DIRS N Bcts, REMBGOEE, LEMREORE—, 2
WREHOESRL EOLEENEROFE%%1T % (Epperson
1993; Hamrick et al. 1993; Hamrick and Nason 1996; Kalisz ef al.
2001), 25 DERMER DT, RS nmTFHmIEE
RSO L Z DM O A Ic B e IFTERTHY, 2
DO TR IEENIHEOBB Ic oA BEEIETERTS
50ﬁ?ﬁﬁ@ﬁ%&iﬁ%ﬁ%@~ou%@@%&kwi&
HpEZEND, Bdb D VIZEFECMOBMc L 2T YT AR
@¥ﬁmmigf%Lm$ﬁmaﬁ%Lt%é,%@@W%m
B 2 EENERDERATRIEET Y ¥ L TH B LTH
xnz, LaL, 66 BOPETIE, EFDFEIBRE & &
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ZONBEBMT Oy FCBLTOREBEESED 5z, &

22l —vavORErs, BOFTEINY —vT7 I Lk
E£7TYH, MEBERICH IV —FFIcElmEasNsa Il itk T
BMBIRSEITERE NI 2 2 EBRINE, EAEFD—DOD
HEFLTOAEOETFEZ &L/ (LI 1989), —EREE
MREZERS LANICEROERBOBTFEIRDATI LI
70, HHEmc iz o0k ) BETFHREENLILILRD EEZ
513,

6 EOME T, SRR GEENHE R E 5 2
EMES IR ST, Yol —d g vyDiEErs, IEREZ
o BFETDS— RIS NIEA X D b ERICEE IR
GIESERRW I EEHEOIC R 5T, 32— avyT
I, REMOBAR Y —VIZT7 VL THBH I EREL T
5, Lidso T, BEINBWERWE:, Bk 8T
BAidfR->Tw3a Z ERRBEL T3, HERNL TR, &
B o AP ERIN TP AR ER SRV ESh
5 Ein ko THHEEC L 2RO ESESI N B 2D, BB
MREATRE 5 2 LB P S 41T\ % (Epperson 1993). RE
BOBEHEOTH Y — v PRETHAGICE T AT, BT
Wy — BT LL S LTEEL, FIZREH2HEDIL
FORICFR LD, BFHGAL 7y FLThw EfEsh
T3 (Herrera and Jordano 1981; Hoppes 1988) ., [ DFEREIC
o T XL, BOTEINRS -V IKREDBEL 570,
T R ORI EP L, EENIESIED St oh
H L,

E I

AR #ZTTBIHLD, Z20E»Fr0ELOICELET
MO IR L E L O BB IER izl wic AR R
Ao ET e Rl (AR MEARERAEMIE ) FPASIEARICL & D &
MoEEERLET,

¥ 72, HEERFLAE-EE (FifRR) [FRSERSbE MR
WHER (Rthas B4R 0T) AisdR], MARSEREG L mRSE
WIERl (FRARMREESETZo ) Serma-(ads, BHHRERE RN
BRSEFIE Rl Eh AR HE— BB DB, &3 BoREE KL ek iy B T2 Rl

(FRARAERE A BIZEIE 0 0F) /NI —Hag Bz, THMOIIE, S
A Iz wikiZgE L,

2 BRI C O 2 AR M gk, FEE T
Ty FOEHRT— 7 RIRELTOLREFEWAEET TR, KPEROH
BEILBWTHEECOIHERHEL G 2 RUEL THRZEEEL
7=

il BRsE R b R A RRAE ER E —K,  $iORETT IR,
FEREMS, PARHETR, L TR, BLCEBETHEOBRETRA
K, INTRER, hEaRK, PIRER, SEBEEK, BHURYE
AR A BE RS BRI R E O - Bt 05 2 I IR IR I
BOWTHEEAYNEZERELTWALEE L, £, BICEERL
HEMAHEEAKIZLOFEEOAL I, BAREOFIICE LT
BECOBEERZR>TwiEEgE Lk,

B3 MOMEIT R T, Bl BERGEREGE SRR R
WA MRS ) BT EMERTR, ANRTE, Bl B
K oBELRIME2WAEEE L, B5EowAf 705754

b e —h — DT, FHRSTIRFTTRR EM IR 2
K, & MR, RIWESEI, MOBERK, B8RSkl E Rk
EIERBAEEGRNK, TR R IR HE T 47
BRERIK WG EE L, £, 56 HOPE TR, &k

7

BEMETHEMLEIREENRENRER, £ MERCEMNIIES
POoTHERWEREE L,
SRR RAE B E fr RRA TR B AR RIS P e, 474
DHRZICFRL O ZHIPHELOBEER ALLEE L.
Dol c, LasBBoEsRLET.
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Clonal diversity and genetic variation in Ilex
leucoclada, a clone-forming dioecious shrub

Takeshi ToRIMARU

In clone-forming plants, individuals can be identified on the
basis of either physiological or genetic identity (as ‘ramets’ or
‘genets’) , respectively. The population biclogy of clonal plants has
been studied at both of these module levels. Determinations of
population characteristics such as population size, recruitment,
mortality, levels of polymorphism and conformance to Hardy-
Weinberg equilibrium are all contingent on genets being identified.
Moreover, the potential for evolutionary change within a
population is governed by the available genetic variation among
genets. Therefore, discrimination of genets, determination of
genet numbers, visualization of the spatial patterns of genets and
detection of genetic variation among genets are essential for
elucidating the dynamics and evolution of clone-forming plant
populations.

Tlex leucoclada (Aqulifoliaceae, Tlex L.) is an evergreen dioecious
shrub that is distributed in mountainous regions where there is
heavy snowfall in Honshu and the southern part of Hokkaido,
Japan. This species is a common shrub of the deciduous broad-
leaved forests in the cool temperate zone along the Sea of Japan,
which are dominated by Japanese beech, Fagus crenata. Avian
seed dispersal and insect-mediated pollination are typical of the
Aquifoliaceae, including I. leucoclada. Field observations of I.
leucoclada indicate that the species grows clonally by layering,
forming distinct patches as well as reproducing by seeds.
Therefore, the spatial (patch formation) and reproductive (dioecy)
characteristics of I. leucocladn make the species an attractive
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subject for studying the dynamics and evolution of clone-forming
plant populations. In this study, the clonal diversity and genetic
variation of I. leucocolada growing in beech forests in the Forest
Reserve on Mt. Daisen in Tottori Prefecture were investigated by
distinguishing genets using random amplified polymorphic DNAs

(RAPDs) and microsatellite genetic markers. The implications of
the findings for the mechanisms involved in the creation and
maintenance of I. leucoclada populations are discussed.

In the first stage of the investigation, clonal diversity within
patches and genetic variation within and among patches were
investigated, using 31 RAPD markers, in a 1-ha plot (50 x 200 m)
within an old-growth beech forest. Thirty-eight patches that
exhibited a clumped distribution in the middle of the plot were
found. A total of 166 RAPD phenotypes were identified among the
215 stems sampled from 27 patches that were completely within
the plot. The population showed high clonal diversity within
patches (mean number of genets relative to number of stems =
0.79; mean Simpson’s D = 0.89). Variation in RAPD phenotypes
among patches was highly significant (®@sr in the molecular
0.316, P < 0.001), indicating genetic
differentiation among patches. Pairwise genetic distances, ®sg

variance analysis =

between the patches did not correlate with the geographic
distances between them. Cluster analysis based on the genetic
distances detected few clear clusters of patches, indicating that
there was no spatial genetic structure among them. High levels of
clonal diversity both within patches and within the population may
be explained by multiple founders, seedling recruitment during
patch-formation, and somatic mutation. The significant genetic
differentiation observed among patches have been due to separate
founding events and/or kin structuring within patches.

Secondly, an investigation was undertaken of fine-scale clonal
structure (the number of genets per patch, the number of stems
per genet, and the spatial distribution of each genet) and diversity
within patches. Six patches in the 1-ha plot described above were
selected for this purpose. Two of the selected patches were
composed predominantly of stems with male flowers (male
patches), two contained stems with predominantly female flowers

(female patches), and the other two contained stems with male
flowers and-stems with female flowers in more or less equal
proportions (mixed patches). Different genets were distinguished
using 6 - 8 RAPD markers for each patch. One hundred and fifty-
six genets with different RAPD phenotypes were identified among
1928 stems from the six patches. Among the six patches, the male
patches had the lowest clonal diversity, and the mixed patches the
highest. Distribution maps of the genets showed that they
extended downhill, reflecting natural layering that occurred when
stems were pressed to the ground by heavy snow. In every patch,
there were a few large genets with many stems and many small
genets with a few stems. The differences in clonal diversity
among patches may be due to differences in seedling recruitment

f

frequencies. The skewed distribution of genet size (defined as the
number of stems per genet) within patches may be due to
differences in the timing of germination, or age (with early-
establishing genets having clear advantages for acquiring
resources) and/or intraspecific competition.

Microsatellite markers have been considered to be the most
effective tools for studying the parentage analysis, pollen and seed
dispersal, mating system, and genetic structure in plant
populations. Therefore, I also developed microsatellite markers
for I leucoclada. One hundred and eighty-nine out of 432 clones
were found to contain microsatellite repeats. Primer pairs were
designed for 92 of these clones according to their sequence data.
Thirteen of these primer pairs yielded polymorphic, single-locus
polymerase chain reaction amplification products. Using these
primer pairs, three individuals from each of twelve populations (36
individuals in total) of I. leucoclada scattered throughout its entire
distribution were genotyped and the levels of polymorphism were
estimated. Three to twenty-seven alleles per locus were detected,
and the expected heterozygosity ranged from 0.133 to 0.971.
Since these thirteen microsatellite markers showed high degrees
of genetic variation, they should be useful tools for studying
population and ecological genetics of I. leucoclada.

Finally, I examined the patterns of within-population genetic
architecture in two plots with different types of I. leucoclada
populations (one immature and one secondary) by estimating their
clonal diversity, genetic variation, and deviation from Hardy-
Weinberg equilibrium using the eight of the 13 microsatellite
markers mentioned above. I identified 78 and 85 genets among
145 and 510 stems analyzed in the immature and secondary plots,
respectively. The number of genets with multiple stems and the
number of stems per genet were approximately two and three
times larger in the immature plot than in the secondary plot,
respectively, indicating that the clonal structure was more
developed in the secondary plot than in the immature plot. The
clonal diversity was significantly higher in the immature plot than
in the secondary plot. However, there was no significant difference
in expected heterozygosity between the plots, and significant
departures from Hardy-Weinberg genotypic proportions for both
plots. The correlogram of coancestry for genets in both plots
exhibited significant positive values in the shortest distance class,
indicating the presence of genetic structure. Moreover, the
correlogram of the secondary plot exhibited significant negative
values in long distance classes, indicating genetic differentiation
among distant genets.

The results of these studies show that there was hierarchical
structure at three levels (ramets, genets, and patches) within the
populations of I. leucoclada. The hierarchical structure may have
been generated by the effects of clonal growth and seed dispersal
at relatively small spatial scales and environmental heterogeneity
at larger spatial scales. Moreover, the extent of clonal diversity
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within patches in I. leucoclada populations may be affected by
variations in the amount of seeds dispersed by birds caused by
variations in bird abundance and behavior. Although the extent of
clonal diversity decreased with development of the populations,
there were seedling recruitments in the populations so that the
loss of the clonal diversity may be retarded. The genetic structure
may be generated by the group dispersal of full-sib seeds within
fruits and promoted by frequent seed dispersal around the mother
trees.

Determining genets of plants such as I. leucoclada may not be
easy in the field, but can be done using genetic markers. This
study demonstrated that genetic markers are useful tools for
distinguishing genets in clonal plant populations. Furthermore,
using microsatellite markers with very high levels of
polymorphism, it was found that the level of allelic variation was
not necessarily consistent with that of genotypic (genet) variation

in the studied populations. The mechanisms involving in the
creation and maintenance of I. lencoclada populations could be
investigated and elucidated at three different levels (ramets,
genets, and alleles). However, a number of aspects of the
population biology of I. leucocolada remain to be elucidated. For
instance, further studies of population dynamics in the plots are
required to clarify aspects such as the relative frequencies of
mortality, recruitment and net changes in genet numbers during
population development, and thus enhance our understanding of
the mechanisms that maintain clonal diversity in the species. In
addition, the degree to which pollen flow influences the genetic
structure is not clear, so patterns of pollen flow need to be
quantified through paternity analysis with microsatellite markers.

Keywords - ramet, genet, genetic marker, clonal structure, clonal
diversity, genetic variation
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Male flowers of llex leucoclada A ramet produced through layering
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Female flowers of Hex leucoclada A patch of Tlex leucoclada
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Fruits of Hlex leucoclada





