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1.1 HROER
(EFEEOEXHRR

TP A AT DR TR BEASZE IS R L 2 55 K & (AR
B4 2815 (masting) 13, [TEFAEEOEX] H5H:IE [HKD
FEHH| LEDLNTELD, EBECRIGEZOTFIC <
AF 4T EMENL, TORAT 4 M RPo s F
EF RHIZEED 591 (Kelly 1994; Kelly and Sork 2002), Ff
12, TR~ Y Bz & oM Lo TR E R R
NOEEFETIEE 25851 Tw/z (Matthews 1963;
Maurer 1964; Nilsson and Wistljung 1987; Schmidt 2006) o

BRI~ AT 1 v 7Tk, BEECRETEED D HIEHEE
EF o BROIEEEN T E Y EXPITE D, LLS
DX BRBKRIE, ¥ - FH R Lo 1 MEER O O —5
P TL2RLNZ W, BIAREZIZ LD E T 5L NEFERI O
WL, ERBEEPICXIVEEC b A AR H o721
ERECOHETAEEL L 2 WEERPRIET 256050, &
7o, HEEOZHIECFERMOE S, e BAEREICL > T
EBFEETHD (Koenig et al. 2003; /\HK 2007) o —M%IZ, FH
WORT- A ERIIEE LR ) & QELFRALNL D, Z
DIFEALEITAT A VY T REELD0 LNGRVE, L0
RO TFEEDOEFVECHEFRAM:EZ ~ AT 1 » 7 LR,
FWZEH OB RFIWZE N SN TV D &) OPBURT
H5

TEFIZ L BEIHIE, £ OMTRIZE > TERELEMHET
Hbo T LTHEADHEFOEFED Uo7\ dEELRERE RO,
B LS, SR~ AT 4 2 7T, AF)
BEDBLVEEZ LN TS, BIZIE, R TIE,
BAROEHFITEFNCELZE/, IIKF, HoksE0BHKE
GLIZARTE LT % (Watt 1947; 4~ it 1999; H#E# 2004) . &
D& YA, WORELATEZ 22 BEARE T TE R VWO T,
FREDFIZZIT K OMEF %25 5 &) b FELmo—EH
DIETH DL 2 HBERCTH L, 72, YAT 4 ¥ 7 TlRE
DA ¥ 5 — NVDSIED S T2, IROFGE F TITBRY 2558
TLTLEIVARAZIEL D, SHIT, BIEEICE, ML
FEHHOFELEDNEEEICR DI ENE, RASVIZL DEHS
REREHTIIZR TR ET ATy b H b, TNUSLh
WHLT, YATA Y ITRALNLDIELETES D Dy

MTAEEOBXBREEFT 57201213, [ %€ (Why) #
K920 ? ] &) BIRIZKHT 2 #ISH RISV TOR
V(22 Rultimate factor) &, [ED X 912 L T (How) 2
KA D0? ] EWHIBIRDPEL S AN =X LIZDNT
DO (T E K proximate factor) % fFIH T % 2 & 25T
HBHo INETITHBHREHMT B4 RAEAHEINT
E72h (BIZIE, Kelly 1994), TS IZFRBERIZOVTO
B E BRERIZOWTOBHNI K SN G, £2T, K&
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TN AT 4 ¥ 7128 5 B R & BEILERIZ DWW THER
OWFEE F Lo, BB E N TV AIEII DT 5.
QY ZXT 14 > T DRBER

TR~ AT 4 ¥ 7% T LD, BT % —EIokEE
FES B EWHERRTZOL, FEEOFIITIZEE & A S
TWwb0672# 2 51Twh (Norton and Kelly 1988) . &
ML, S ODOBGENG2 SNELENRH L, DEDDIL,
HOEMRE L & B2, 1M OBEREOMT £ 7213, B o4 E
WIIWARTLLEVIHIRETH L, TNE—HITHPIIASD
T WEY) & BRI E T A 720, FhiEmsze< & 1 [y
720 OBIESCERIIIINT 5725 9 & v Wik e s gk
DNTWbe 572001, 1RO 72 ) OFET % 721378
WMOLFERDL L b L, BIMBEINE (FOEFKE21Ex
WD AMBIEIZHEMT 2 L VI IRETH L, CNHD 2
DOLEMNT I ENTwiUE, BHElE S &AM E %
o % L CTEBI, IROBGERS 72 ) OFT £ 72 13/EH O
EpEw s, BIERIIEOMBIEE I TCHITBII R 720,
OIS R EOFIMEE 22 2 LSV EEZ LN
%o

KiEAEFEDFEFTIN (economy of scale) & FHLALA Z DG
T, 1M OEIHKE & 72 ) OFEF £ 7213 e DA RER DS < 72
L&, BIERINE DSBS A DB D, IE
W72 KPS, SRR, Mo, A OB L
THELDEEZON, BELDIEHIRESNTE (Filz
I, Kelly 1994; 1 1995), 2?9 bIFE, Y AT 1 7D
BN E L ORVEREZ 2T Tw A 01, DN
%52 By shZRAGH (pollination efficiency hypothesis) & Jifi f2# i
FARH (predator satiation hypothesis) T 4 (Kelly and Sork
2002) o

R EhERARG (R (&, HF# L CRfEs 52 & T,
SN EEA ) L LA R BRI § 2 RIEOH D)
WL b EVHFEPHEOENL LI EZTHS (Smith
et al. 1990; Kelly et al. 2001) o Z DR % X FF9 AR, fE
IR (pollen limitation : AE¥FASE V) 2o\ 728 | ZFlF % D <
HIENTERNI L) PELORYTHNTVL I EHDH
THND. ZOWE DR O RITR I AMEEOIEDY S %
DN TWARWEEITREI 20T, L) EIEET L2010
&, oMk EHH L CHIE L2 ERNE b T OIGH
XEN AR X0 RS T < RSN T E 72 (Herera et
al. 1994; Kelly and Sork 2002) . Z AUIZEYHEClLEIZ N 2 AE
oD, FAEEIED Y Th (IR OERE Th L #EHE D
BORIBREZZITA2Z L1285 EEZLNTVWD, 72, W
A, JRBEAREL (wind pollination hypothesis) & & I
NTw2, Ziud, BXZRTHWIEED S DOV L
L, AR T, LIE LSRR ERRIER EATE W & AR
L b5 THAH (B2 1E, Nilsson and Wistljung 1987;
Smith et al. 1990; Shibata et al. 1998) o
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WEARAERIIL, B TOEERET K& JFEETHSE
HZEi2id, BIFEICIAEE ZRASE THTFORTEE
MWZENLFEND D &9 HE (Janzen 1971; Silvertown
1980) TH 5o TORFE T 2L, BT 0% <
DET-HIZL o TEERAEWE L > TNEIETH D,
COH LEWORAEIC LY, b L, HFoEERICFEEE)

%<, ZOEBEBARBRERIZ L - THIR S 2wz 51,

EFIZIZIFHEEROCENTLE ) LTSN L, Tl
DO RN T OEAFRE EO 57201213, MhofEfk & [
LCRIE - #%ET 528, ZLTHELHEZRESTLIEN
HRE 25, FAEMARGITIS  ORWEETE T S
TWwdo T LTI ORHEIFT a0z S v (Bl 21F,
Kelly and Sullivan 1997; Shibata et al. 1998; Shibata et al. 2002) o
—75, MFEE DR EORYI AT S 5 AT v ) X R T
%, RBEVWEEEZ LSV 2427 A MTHIELETIE,
T DEFERDR D VEIEOY ) B2 0 L5700, fafk
RIRPALNLNE L OB, FFAEEROLEE LHER L
DOBRIZF T EHAMTIZ RV E T 25O H S (Kelly and
Sork 2002) o

UL, SERREAREE & 4 a i fIRE T SURE Cld 7
Vo LZ2Ao T, INSHDYAT 4 Y 7 ORBERE LTH
BRCEH L TWA 2 b E2 N5, ZOmE, THIEKR
alE R RAERGIE, LI AT 4 v 7O L IR
EHMSELZ 2T L, 2O—HT, WRFIEZTAT
4 YT ORMWIIH L, £z bTHT 5. %5,
HaEELfAsEs12E, KRuebEomHFIcE o7z <REL
BWZEDPRLENTHLOIR LT, 20 & =B LN
WZEZHREEL FIF5 9 2 CEENZAMIEAWEEZ 6N
L5 THDH (Norton and Kelly 1988; Koenig et al. 1994) o
QY RT 1> TOERER

ERLERIZHET RGO H BT, wbh CIIRBEI N D
DI&, [/ UMY CAREFRO b &L THEO 20, fil
RN OEIRED R\ CFAERFET S 2 L) E 2 (Ki#E
4 i Firesource matching hypothesis; Biisgen and Miinch 1929) T
Hbo BT OBHFEBESIRFIZIZ LA LI TV
Vo RS, ZORIBII LD AR, BAa BT <
AT 4 Y ZEFERAT T HOI, EREZEOL )R L
BWrHTHSE (Kelly 1994). F72, SO IELWOT
HIUX, Y AT 4 ¥ 7 LAZH BRI A R
NZZRFOBRIITERNI LIZRY, TRHEEKICIERAS
BISHERDS LW &l b, 61T, REOWHZETIE, &
PEARICIZRRICE ) RE G A S BEIHICHE L T B 2 &8
s SNHEDTEB Y (Koenig and Knops 2000), AR50
ZELL FIAERTEF OEEROEEENREL 2D L) R L
K R EFYBAEDPREF L T REEDSRIZ S LT 5,

BUIE, ~ AT 4 2713, [ERHT-OEEHERE (L)
EEBANZANE, ZNEFEFASEE A D =X LD
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B Tnsb EEZLNTWS (M 2007). 2L T, Fi#ED
AN AL T HIT HHE LTROFENHIN TV LD08
TREET TV WEHIEZET)V) Tho,

ZEED A H = ZLOFAIZOWTOT LA 7 A —Id,
TP BRI % € 7 WAL LT AR i 5 ) AR 28 B) % BRI 12
7R L 72Isagi et al. (1997) OWfFETH 5, ZDOETIVCTIHER
WAL E T T & 912, RIEA T RE 2 & (20 OO
THEEXIT) T xRt LTWDH, BIERISEEORE
WAL, BEPEETLETEHEL 20 E, WD
ExE L ZETHEROHTIEHMATE R WIS, 6z (3fH
FAED N & A (RHB Rl FA Ny — ) OB ETT
& Lice WEERAT A V7 DRAN AL %fEHT 5720,
COETIVEEBEL LW Db OBl frbNEH % %
HTW5 (Satake and Iwasa 2000; Rees et al. 2002; Satake and
Iwasa 2002a, 2002b; Crone et al. 2005; Crone and Lesica 2006; 14
1 2007; Satake and Bjernstad 2008) . 7272 L, &iHEIEE T )V
DFFEIZIE, AP TIPS LR EE L W ER HAL T OBHTE
wORHEGE T — Y BPRETH Y, BEEL72EIEBR ST
% (] 21X, Rees et al. 2002; Crone et al. 2005; Crone and Lesica
2006) -

=7, EAEORMATI SR THMHE L TrdLFEs
TWbHDE, KEENTH L, KB D7z > THEERES
TEDRRERT, (B LR R % 8 U CTEIHO[FF
R ITEEZ ST S (Ashton et al. 1988; Sork et al.
1993)c Z L TRSER OB, 2D E) X 2> 5AMEF RN
DEZERDPBEFFADOEGRKE L TEWTW D L)l (K
RAXG, Ashton et al. 1988; Rees et al. 2002; Sakai et al. 2006),
(2)SZ B D[R ER DSBS DM O % (i)
WCHBELTnD )3l (RRIZ & R MH Sork et al.
1993; Masaka and Sato 2002), (3)E O&uR=° H BRERM 254 5
LY O A 1 | 52 DGR, SRR OB IFRIRIEA S,
BIAEE R ERDPFEF TS L V) a3l (AL 2 EFFEHRD
; Masaka and Maguchi 2001; Rees et al. 2002; Ranta et al. 2005)
DIV TE D,

H[EENIALFRT2MEIIL L, Mah~AT 1 v 7Hl
WTHEFABREO AL G R Oh > T b LR O
WSHIED G E 2 5 EMRBIE LTE, FrFarsTT
Nothofagus solandri (Allen and Platt 1990), =2 —Y—F ¥ F
DEIFIZAE T B A ABH#EY) Chionochloal® D ¥5fE  (McKone
etal. 1998) HHHN TV 5, F72, L7 AU HHVERICAES
9 5~V IBHEYIPinus edulis T\X, HHIOEEMKRAFALDE
BTd % W REMER (Forcella 1981), W7 ¥ 7#iiF D7 &3
HEEHEWTIE, TV =—= 3@ ES (ENSO) 12k b %
I B H B ORI T Rz —FAEZ G SR L Twa 1]
FEEDS B ST\ % (Ashton et al. 1988; Numata et al. 2003;
Sakai et al. 2006) o Z DI D T — 1T v 7T F Fagus sylvatica
R T A V) N1 T FF. grandifolia®D RKEfE FEIIREIEIZ L > THI &



SN Tw5b EEZ 5T 5 (Piovanson and Adams 2001) .

LRI AEERFATUL, aFTED LS B, ST
B E COMEE TR OIS E 2R £ FHRERIE (A
abortion) 3% % 4 TOBFECELIFIN TS, FlzIE, =
B O R FEIZRE (RS- LTwahle LT, 7y
"J Quercus dentata (Masaka and Sato 2002), At 7 2 1) 5 ®Q.
velutina, Q. rubra, Q. alba (Sork et al. 1993), Q. lobata, Q.
douglasii (Koenig et al. 1996) 235151 CT\v 5,

RGN X 2 BIRFENELL, WA RS % B O FAH)
EEBLICOOTHY, BREHEETVIEINL, —iIZ,
TOECE R ORIEL, BRGNS T & A RMLED = IC &
STHESNLEEZEZONDZ LD, %L O T
T&%, COBEIFTHHELTUE, AN FEDY T A
> I\Betula platyphylla var. japonica(Masaka and Maguchi 2001),
LBk 5123 7 g %idE (Ranta et al. 2005) THISN T 5,

F72, SBRERDIMNCEFRBEORBALT SR THHL L
T, PAE, B FEFZ (pollen coupling) AR XN T 5
(Satake and Iwasa 2000, 74T 2007) o AEFMHIBRASAE U T 535
G2, MEE O BIEREISHRRI Y SN D720,
fiFERE L BREPERM CTHRET 5 L W) TH L. 1LHIF
P OMEEFNL D 723 A%, Crone et al. (2005) (Xdb7 A1) 71D
FRM Astragalus scaphoides™C, FCRYRIFASBIH O [FH % 5| &
BRITFEELRERNTHL I LA L TWwa,

1.2 [ERERE

Dibg & D720k ML, [ EXPE L2007 ] &
WAV E [EDX L TEXDPELLZON? | Lv) 2
DOMWELICHBEL TS, L L, VAT 1 v 7 DO%EH
TR EBRERE, ZNENPOLITIES TN TE 2720,
Z L TR B CHT A AT DN T & 72720, Y AT 1 ¥
T OMEN BRI E > T, YAT 1 ¥ 70 HKE
KICE > TH720 ENLHELWEDTH L 251, ZOTA
TA VTR ERITAERNL AL FERBKE HER
BRER > TWb EEZ LMD, L72>T, YATA VT
HARLMIZHET 121, FNETNORYFETI O 2 DDl
x FRFICE 2 D NERD 5

1.3 T OEEIF

T IR T F @ Fagus|Z, LFERO BT A B s 12T TR
FEAG AT L, ENENOHIBIZ B CRERMOE EfiE 2 5
Z &M%\ (Kriissmann 1977; )50 1992) o Z D720 AERERIZ &
S TEHEHERELMNEMTON TS, KIFFEFLD T )
Fagus crenata Blumeld, A8 g VG 55 0> AR AR HUAT % L IR
ELTC, AR, ME, JUNZHAEL, FRICES 0LV HARN
ciEfitkz R 3% (F1992) o AN - )7 ¢
3R E700~1,600m M 4 123§ B 2%, ALiiEE TP 5
S MEEIOMIT I £ THAI T 5. AF R ED NLERR
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ZNLH O LA &) 2 OIS S T & 7228,
HAEIZB W TH IBEML W2 o T b,

7 OFCISHEHESRAE RO BMUAETH V), AL ER Y E T
X4 HFAH»S 5 HHRIZHT TR > THAIET 5
(78 1997) 0 WEAERSE 2 B OMEED? S % 1, 2 — b oelink
CDFEMIZHE < o HEAEF X 6 ~15D/NEF2H 720, L
o & 0 b BT < DFEMRIZAE <o AERIFEIC X D A SN D,
7' OMEABIZHEAE & 0 b B CBd 2 MEMESE R O IR A S )
(635 1975; <78 1997), ARZHEMITwb L SN, £
7z, W BRSH S EF ORMEILIET IR W20,
HEAHEGHETHD L EZ 5N TWD (T 1997), k-4
EFAFER SR L C, 6 RANCIZBERE & 12 UK &
Sl Do FiTH 5 HICABIINET 428, IR F S
N, TEEINZ6 A TH»5 7 ARHETH ), Ik
DFERIT 9 A TR TH S (FEis 2006) 0 Bk L 72+, 9H
TH2SILH THICHETT %,

T OFEFEFEITHR 2 & X255 1), EIEIE 5 ~ 7 4/
FECRiL, ZOBIZIZ L A EHEFE L 2 WXITER I ED i < (J
1 1938; 18 A 1952; 44 {th 1968; 45 55 1987; Hi H 1988; Hiroki
and Matsubara 1995) o 8 i OFZLB) % Bl 3 5 ZR T 2
OB, MAEORIEHOZE L, B, S FRIRICE S8
BHToORHADEETH S (Igarashi and Kamata 1997; 75 5
1997) RHIC L 2 EERILHEFOI0N T B L LD
O, BFEELYHET HZRELERL %> Tw5 (Igarashi
and Kamata 1997; Yasaka et al. 2003) o FZEZhIEMIL, 7F b
X ¥ v 2 A Pseudopammene fagivora Komai (/N< F #E}L) D%
HCTdH % (Igarashi and Kamata 1997; $ift 1 2001; /511 2003) o
F72, FEMOBNTFHETIE, 7RS4 R T 2 854 B
\2& o> THEBERAER L 72> T A (410 1996; Hashimoto
etal. 2003)0 7 OMETLEEDOLENAS, ¥4 X I DAL
BICR & g% 5.2 5 2 & % (Hoshizaki and Miguchi 2005)
KITEEIZIZ Y X ) T 7R e I~ ORIz 5 &7~
OB L RITT e MEEN TS (Oka et al.
2004; 4 2005) TDLINZTFDORAT 4 V7L, By %l
U CHRMARER AN ED W N T 5 D> T b,

1.4 TAEOBREBK

AWFZETIE, HAROERT O EEAREEcH Y, Kl
W< AT A Y TR THE7TFEFRIZL, ZE TICR

MRS AT FeR B & RN OG> MGE L, Ao
NATA Y ITELLERNEHLOPICT A L2 HNE T 5,
AWFZEORERIIKRD LB TH D, 52T TlE, JLilEER
TEEIC B 2 7 F 2 AT 5 RROFEMK L 0% 6%
PN, FEFAEERROEFRAASR T EHT L5, INFETIS
WAL G R B E T Tl 7 i O INE R F O &G S
ENTWDY, JLFEEEE T T F T2 8D L9 ZRRHIZ
Lo TR SN TV S 2E, FEE (1997) ORLELDH 5 DA
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TIEALEREIN TRV, YAT 1 ¥ 7 OWKIE L T
ENBHEAEMRROMED, ~ AT 4 ¥ 7 ORBER DM
FICLETH D,

3T, 7FDYAT A ¥ TIZBIT DI R O
rldr b, T TIHILHREREEED 5 AT D 7R CHAT S
NTCELIBEMOMFHEET— 5 ZHWT, JemERE LT
TSI N R & T EE AN 2 D OB
DWTHGEET b0 Z LTINS 2 DORFLOH I EEN: %,
[ZBFEZEKN5HT ] & Kelly and Sullivan (1997) 12 & - TR
Enz[v3ab—varyEFIV] ©200%7% LFENTE
FHWCEHi§ %0
BAmEESETIE, TTOYATA Y TIZBITHFETHE
HOIFEH %3 %o 45 4 B ClERTEE & [7 U 1345 R o ff 14 i
T8 &% AT, [EOEEREENSEL AN =ALL, &
NEFRASEL AN =X L5255, TLC, 7TDTA
T A Y TIIBIT B BN L RHRER ORI OWTER L 5,
FHIETIX, 4 W TS NIARERHONGE % il b
7e®, T ORAE N RITIMBLERBRZ 1T 572, TD OR
RS, 56 HTIIBAOMERRLHDETTFDOYAT
4 Y TNZDWTRIET o

B, Kmlx, 75O AT4 7 OFHEERNE LT
EHANINT TICHEL TERHMEROMEE (Kon et al.
2005a) , ZE UL K O #EE (Kon et al. 2005b; Kon and Noda 2007)
2B 251, dbilEmEEERIC BT B 7 O a R R
BT 287 AR R E BRIz, TTORAT 4 2T
#FLwbDTHb,

2w JelEmEEO 7 BT MR R R
DE AR

21 [ZUC®IC

WO IIHRBICEATHS 2D, B, A X3, B
HIZE > B R & % Do B2, BITED SRR
ELBETEHATE 5 RHIE, WEEOFCHHEY S D
B, MTRMETEL00, YAT4 Y 7ORKEEL LT
EEH SN TS (1 1995; Kelly and Sullivan 1997; =F
1997; $H 2001; Shibata et al. 2002) L 2L, HE V%2 ET 5
RS, /2, REMICLY &HolE, L,
BEIEES, BMDNRAR D20, Y AT 4 v 7T AR
HOBEBRERES T A, k) aRBESEALTY
LODHEEPICT H0LERD D, Bz, sy
TR, ZOMYWOMET7ZF 2 BAT LAY ¥ ) A MO,
XWESEICIZBE AT B2 S5ND Y 22T Y A N RDh, H5H
Wi, VEEDAETELEZFEO00, KRIRMED D 5 2 FEDE
HEREFREODOD, &5\ VIIRBEEEIAME AL 2R L 7%
Vo, BEIREIE S RERERET 207, HEICZLo

T, MFAEOEREC R H 5 WIKE L8 2 2 &7
HMEnsd (FlziL, Koenig et al. 2003) .

THHEF R RAT 5 RROMELIESL <, BEE TIL27H#
A ST WS (T 1994; Igarashi and Kamata 1997) o
CDIBARY Y YA MNBRTH L7 F AT 274 DOMINE
BEPRDLEF L, REETOAEICKELEELGZ TV
% (8 1996; Igarashi and Kamata 1997; /NIl 2003) s & D7z
B, TFORATA Y TETFe AT r 7 AL BHEFORH
HAENMT L0 LZHRATHLEEZLNTVD
(FFE 132 1995; $EH 1996; Yasaka et al. 2003; #2H 2005), L
ML, 7T OMEMEFZ BRI EI5HL, wa bz
17 7-WF%e1x, Aty (Igarashi and Kamata 1997) 8 L O
BISCHL T (ML 2003) (ZBR B, ARWEZE %47 o 7= AGiffEEm v
MrEw, L OBBTRITbRTW ARV, 7 OfF &k
RHROMERIL, BEWEEIZH-> TELT5L0MELH
($fe T 2001; $fFLZ A 2001), At TEARI & 1257 2 i
EASEAET AATREED B 5

RETE, LEEEETO 7 FIZBWT, YATA Y TD
WKL L O EFAEERR R 5720, FibEo 7
FIT, THETEEAT L RHOMH & 2 OEE % T4
L7z

22 WIRFE
(MERZEH DB

AL, 20004F 2 5 20024F £ T 34ER, dALiEE-LHITO
VAN - T FREMTIT o 720 2O 7 ) MIX18694E ~
18704 (B 2 4F~ 34F) 12 SN AT TH 5. 1T
DD SN L7215 [ 2R L7z & S, 20024E KT
7O EIE22m (B 6 m, K35m), M EEE
1336ecm (Fz/M2cm, #AK72cm) TH b,
QREFE

FAEHNOF0.3haDFEFNIZ Y — F b T v T10M % 7% i
L7ze = F M7y Z7EHOFOMED 1 m* O b D%,
W EF 1 moOE SICRBEEAECTRHEE L2, 7 EFO%E TR
MRS 572012, 525 11H F TOREM M IZ20004F 1%
BEI1IE], 20014F1E5E 7 181, 20024F(135H14m, =R bhF v 7
DOWNE % AL 720

FR L 7-MEAEe, ek, BER CRESCTIRELT, fif&wv
9) HEMEICHRT AEE TR WL, RO L 7258
S THBLEFHETEH L7 REVE RO EEL Y
BISEMIEECIX, RRICEESN: [HE] L, AF0
s TR o 2 BB L 72, REPERBEET S L
I N7 o 7238 R DI T, IS FaIcgsZ L7z 985,
RBouCEEING TRE] REF L AL IR BHICHIE
SNEEIN [BRE] REIHELETL2PENTHEELT
W [T A5 ] 4Lz, E612, [RE] 122
W CUE, Igarashi and Kamata (1997) & X O8HE A (FAfE)



(a) Beech cupules infested by Venusia phasma

(a) Venusia phasma, (b) Pseudopammene fagivora.

Fig.2-1. Characteristics of infestation of the main insect species of Fagus crenata seeds.
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(b) Beech seeds infested by Pseudopammene fagivora

F2-1. 7FEFEMETHXREEH2BOER/R @ FF AT F IV v, (b) THeEXD 274

Number of seeds (m-?)

1000
800
600 insect predation
B bird predation
400
Oempty seeds
200 immature seeds
0 B yiable seeds

2000 2001 2002

Fig.2-2. Annual variation in seedfall of Fagus crenata from 2000
to 2002 at the Géertner beech stand.
X2-2. 7iJV b IV - TFIRIZH T 5200055 5 2002FEDFEF
EEBDLEE)

WZL72hv, BERREMETORAREE b LIONEEE [
AZF IR L[ TFe AT v o AL T ALY TRRRE
Pl |, T N HRERFEER ], [ & < N TRRFEER ], [HRA o
GRS L 720 B, FHIIROBEIEIZ LI o72, B
HORFRZE, FAH (1996) B X OHEHE A (http:/kamatan.
uf.a.u-tokyo.ac.jp/research/research02/guide/) 12 & %,
DOFFAYF 3T v 7 (Venusia phasma Butler)
RO AL, HEIKD (Fig. 2 - 1a)o
@7F e x4 (Pseudopammene fagivora Komai)
REEZFRLETONHIZTPEASINS, #HND 250
T OHEATIS, DR L2EIH T 7215 1 mmld
EOfLAES (Fig. 2 — 1b)o
@A L AR EM (Argyresthiidae, Gen. e sp. LT, 7
ADTI (RFR) L))
- OMZILAFERY, A bo—IRIZ% %,
@F NHEHREEFRE (Gelechiidae Gen. ef sp. LT, 7 %N
iRER) L)
THF OIS S .
®% < /NZEERFEEM (Cecidomylidae Gen. ef sp. LT, 75
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Table.2-1. Number of beech seeds infested by insects at the Géertner
beech stand in 2000 and 2002.
#F2-1. AV b IV - TFHIZH T 520005 £20025F0 T F1&
FOEFEMERFIDETHE ZDEE

Species . 2000 0 . 2002 .
m % m %
Venusia phasma 160.7  46.1 609 488
Pseudopammene fagivora 144.1 41.3 46.2 370
Argyresthiidae sp. 0.2 0.1 0.1 0.1
Gelechiidae sp. 3.8 1.1 0.1 0.1
Cecidomylidae sp. 26.4 7.6 8.9 7.2
Others 13.3 3.8 8.5 6.8

IyenT (fJFF) L))
BB ONBNZ KRR OB <o v A FIREET 50

23 #ER

#F TR UL, 20004F 23925 = 1018 'm* (*F3 +SD),
20014E7° 0l /m?® 20024F7°319 + 120 'm*TdH 1), 4FIZ &
S TRE LB L7z (Fig. 2 — 2). BHHAMERD S 117220004
L2002F DFEFEMT- L, N2 N355+112MH, m* L 85+46
i,/ m*Td - 720 20004FDFEFER (FLEMTE & T
o &g (RERT- 5% TRET# %0 1338.4% £37.6%.
20024F D FE A & HEA$26.7% £37.6% Th V), & T ET-D
64~76% % 7z HTHTIZHO LA F, REPEAET
BEEET ORISR R o 7,

20004F & 20024712 BVF 2 R UG 0 EREF- 535 & OV
HE%Table 2 — LIRS, 7HHTFEEATLRAME L
T, THFATFIVN T, TTRAY Y IA, TFALUT,
TFXNT, BIOTFIZNTOS PSR SN, B
EFMTIEOLEEE, TFAVF IV s E TRy
7AD2HNEL, BEELTWe, FFATF IV Y7 0H]
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E1320004E546.1%, 20024EA%48.8%, 7+ X v o7 A4 OFE|
A1320004E241.3%, 20024E7337.0% T 1), 2ffCHEFRET-
DB Ex HOTWIz, TF ALY HETFXFNTOEE
BIFFIREC, 1% UTTHY, 7 I8 v NNZoEEIE
7 %HIETH o720

FRETREERBHICEVEBESNRERTOE T OFHE
fb%Fig. 2 = 3IIRTo TTFAYF IV ¥ 712X L HERT-
X, SHZLIIAIERTFHE T LD, % Fo¥—2135 H L
BENZH D, ED9%H5 H FaI2 S 6 HHRaIZHET L7z,
TFe AT 7 AN LB RERAOETIL6 TICIHE - 7275,
WXy — IEEICL DA D, 200041212 6 HHIZH29%
DVET L7202k LT, 20024F 1310 LIEIC91% 25% T L 72,
TFALVI, TFENT, BLOTFIFZINLIZLLH
AL, I 7T HUBRICET L Twiz,

24 E=R

PRIy AL VFELRERTOBAEREL2S, It
WEEEIBICBNT, FFAVF IV Yy, TFe ATy
A, TFALYIH, TFXNF, TFIFINZO5HENT

Venusia phasma
150 T

100 T

L )

M J J A S O N

Pseudopammene fagivora
100 7

80 T
60 T
40 A
20 A

Number of seeds (m-?)

Argyresthiidae sp.
0.5 T

0.4 -
0.3 1
0.2

0.1 /\

L}

0_0 T 1 T 1 1 T
S O N

FTHFZHEAELTWE I LR SNz, 2N 5EIZHIL
WL BEM (753w NTE ) THHERSATY
LMMERTH D (Igarashi and Kamata 1997; /N1 2003), HH
ROTFHEFEERIHIIREC—F LT3 Lt shiz,
T ABAT L REAEE LT, BE, BB g
L C2THE SR ST\ % (F g 1994; Igarashi and Kamata
1997)0 2@ LIMEREAK S WL, HALH 5 TIE ) A
VFIVXNT, TFAY YA, TFALTHAO 3, M
WHHTIEFFAIFI VYT ETTF AV IAD2TET
HY, HEEEKEDINWLLEE D T2 (Igarashi and Kamata
1997; /NI 2003) s ARWFZETH FF ATV FI v v LT F
A7 A4 DEIENBB LA HOTWT, #LHEDRHEA
Ol e RESEDS Rdpoz,

FFATF IV ETF AT I ADEET BER,
AR OR S L EIIRAABR L T A (H 2001), F
FAVF IV 7, BEPESSRICHBL, AT
GEL, NCEA L, FILL 29 m e iE2 AT S
(FitJ 1994) o HROFBARRHIE, EELEF AR O P
THed -, MR ISR T2 M TE % (Igarashi and

3 Gelechiidae sp.
2 -
1 -
0 = I/\I T T 1
M J J A S O N
30 Cecidomylidae sp.
20
10 A
0 T T T T
M J J A S O N
10 - Others

ON P~ O OO
11

A S O N

Date

Fig.2-3. Seasonal changes in seedfall of Fagus crenata aborted by each of five insects at the Géertner beech stand in 2000 () and

2002 ).

E2-3. AV R RV - THHICH T 2EFRMERNBEEFOETOEHE(L 2000F (mm——), 2002F (—)
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Kamata 1997) o ARWFFETHFF AT F I ¥ 712X 5 HEFE
TOETHD, ROIFECHLZENTBY (Fig. 2 - 3), BEN
ROFELIEE > TVDEEZLEND, LML, ¥EXARTH
HKECTIAHEAMRRTH D FT AV T I v v 7 OEIIEAL
FIZT U H LATON TV D20, Il &k 5% 0EAD
BRWATo TV DT EY, 20O T 2 TXTARR
T ek sns (fH2000). —F, FFAYF3
DX IHEATE LS R BEEMICRHET ARES T S e 2
DA THD, FEFIEFEANRY Y ) A MTHY, InE
TED % T O MERENRKEZ W L5, BT (Igarashi
and Kamata 1997), BIEHG (NI 2003), BATGH#)T (Bt
1991) THEEIN TS, RIFFETH 7 23 7 £ OHFl
BT FATFI VX ZIZRCTEL, EEEIZR > TWw
(Table 2 — 1) 7F b AT 27 A IZMEATEREIG THA L, &
WIME L 72 RS 247V, 7T ORGHI IR, WL
TP R BET L, 7he AT v o 4 OBERI,
I A A 720, FFATFIT Y 71T ARHIZEE
b & &% (Igarashi and Kamata 1997) o AWZETH, 7'
LAY Y7 ANELREMTOETATFAYFI VY7 &
D1 RBIBEENTEY (Fig 2 - 3), BARGHHOIET
(XL )5 (Igarashi and Kamata 1997) %2 BB A (V111 2003)
TOHE & —H LTV TOEEMBOENL, FFHAY
FIVXTIZE o THTPEIHHENTLE) 20, 7F
EAL 7 AL o TRAFICHC L &Nb, L, 20
—J CIEFAERICB R AT 2 720, b 2 53R L e e
BT & BH LA D H (HEH 2001). 16018 % 8 2 2 FEINE % 5
DTF AT AE, FFAYFI VY IR LE TR
ISR TE 5720, BEEICZR>TWwEEEZ 6N,
TF ALY L BINERE ML, JbimEr TG C IR
FEIEEEARIMER TIE R b o720 HILHTT TOMIEIZL B &,
TFALYHTETF AT 74 EFFAIF IV Y 712K
CEEHETHY, ZOHEETHEDORHBICET LI LbD
% (Igarashi and Kamata 1997), i AR ¥ 1) A M TH 5
TFALNYHOETERIL, FFATF I T v 7 EFEBRIIRE
AEPSFAHBL, FEIPL, JUCR LEEM L L -4 B s
FT#BAETLL0)b0THL, HiLFTIZ, REOE
A7 TFe AT v 74 XD RwEEN, ZOZERT
F ALY HOEEHTECEKN EE 2 5 Twb (HEH 2001).
REFFETIETF ALY AL W BEINHETErD 7% L
EEBHOHEEIIE L WS, 7Fe ATy 74 LT 5 &
7% T ORI EDR o720 L7z25o T, dbillEm b,
TFF ALY OBERNPENT e AT 04 L ER D
ZEIZEY, HEEZD CARHEFVHE, TFALTAICL
L HRERTHIL L oo EEMDRH 5 EEZ BN b,
TFENFIZLDMERE SR o7z, BTEART v
ANTHDTFIENTOEELIE, TTexy oA LBk
2, BCEAEFEICMBL, EINL, bl m AL
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WAHAT L L) bDTHLH, AEOBERIIL 7 A5 5
9HEEN, 7F AT ALL) BN &5, WL
(BfFH 2001) B0 (MI12003) THE S TWw5, &K
WZETH 7+ F T L 2 MERMT-OH TRHNIE 7> e x>
YIAIHARTELS, InsofiEE—HK L Twi, 7k
A7 A4 L) bBECENIICEAELHGT 2 7 F T,
THETOFELRMEMIC L L LEhnEEZONS,

TFIFINTWELZHEMTE, T RALIHTETFF
INFD 2T TPIE D o720 ZIUETF ALV HE
T FNTHLAEEOATFEEZFFODOIZK LT, 7FH3IF~
INIAY 1AL, EOBEHIRIROEE 252 2 EBR L T b
EEZLND, L VEERASREVEIIC X > THEFEIE
PNTLEI)EUTIZBWTIE, MHEAEOEFLTIE, 2001
IR SN2 XD IXIVEARIC, EEEEDSHRT 5 A 7 A5
{loho TTFALNYTETFFNTOMERESF A XITZH L
TR AN S K B 72D, BAEFIHT e 155k - 72 &
LTh, HAREZZNEILHEST I LN TEL Do/ E 2
bNbo TMUIH LT, TULEZ XS Dh a2 A kg
EBTF IR, FRFEOFEFOLEIVNS , K
TEEDOBEIZ BN TH —EHOTEF OF ST RZ - 72 &%
ZbNhb,

Pk, AbiEE R VEEE T 0> 7 F O FE A R R 0 R AR
KA 720 72720, SFEMOFTLED 9 H20014E 12 7 F D #
THATFEFRCE o I MWEECTH o 727280, FETEMERER O
T = PO N h otz T AR ROERERCH A
THREFEOEEE B LT L700, REIFEDOITRIC
FE ) EVWHIBOFESLEEEZ b, T2, FE,
H (2001) 12X T, 7F OffET- Atk R R oS AR 6
JEIZIG - TELT 5 &) IRFE (RFHEERGD) AHEE s
T, MTERHOBEETHLTF AT v 740,
EED L SRR O HUSE TR E SRR S 2, b
WKHFEEDNTLE) EVIHTHLY, SHIEFIDT L
DERIZANT, BHEFHBARLTEER T WL 20EPH 5
7259,

BIE THICBILEYAT 4 Y OWEIONEE

3.1 ZUBHIC

BUE, AT 4 Y7 ORBEKNE LT, 57— H 50
WELFRR ST T A ARELE, SR Rh SRR & Al A i ARG
D 22TdH5 (Kelly and Sork 2002) . L22L, Z4L5H DG
FERHTIZ W0, EE00MKENS~YAT A ¥ 7%
LS 20BN L <, £ OB TR OBEE L
R ObDIZE EF Y (212, Shibata et al. 1998; Shibata et
al. 2002), ARFLEH QAR EEMEZ B L 7-Wiseidiz e A L
T H L T v & v (Nilsson and Wistljung 1987; Kelly and
Sullivan 1997)
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Hokkaido MR~ AT 4 ¥ TR TH D 7 F &, BTED ST
BICELZMBTTF AT v 7 A R EOBIE BRICL )
FrEAEEIND (GB28), ByoRERE, A4
ICHANTHZ 2 LKL A2 2 e @S TBY), ZOMR
POTTDORAT A Y TIITEF AL NS 570128l
TR TH D EHHEN TV 5 (Igarashi and Kamata 1997; 35
#1997, Yasaka et al. 2003; #2H 2005) . — 75, MUEAEHEY CH
EAMEMED N7 &, B O & FEHR L TRt 5 2
LIZED, ZHhFELEDLIENTEDEFHRINTNS G
# 1997; Shibata et al. 2002; #%H 2005), L7275 T, K&EH{E
WL 2ZHREMEDL, 7T OYAT 4 ¥ 7 OMALDOTERIC
%o TV DHURRED S %,

AETIE, 13 LOALEER TGO 5 A0 7 F T
ENTELBEMOMETEET -5 2T, 7FOIYAT
— A Y 7B BRI L A A IR OMGEEZ 1T 5
720 IRWT, INH2ODFEIFDH b ELLPEKEL LT
LB NT VDL 2%, BE)FER S &, Kelly and
Sullivan (1997) (X VRS E N 32— a Y ETILVE

® Kuromatunai

- Kr
Kitahiyama
y .D |

—— 40°N

et .
130°E 1400E mb\b(*ﬁﬂj‘lzf_o
Fig.3-1. Map of Japan showing the location of southwestern
Hokkaido, and map of southwestern Hokkaido showing 32 MRF*
five study sites (@) and meteorological stations ([]). () EAZ Ho ORISR

Locations of the meteorological stations are abbreviated s ke s I o .
= N TG SRE N7 o - e
as follows: Hakodate (Hk); Esashi (Es); Uzura (Uz); TR, ACHEE PP OB PR ORI = G 5 % 7

Imagane (Im) and Kuromatunai (Kr). RIS AP TITo72 (Fig. 3 — 1)o FAAMOPEI % Table
Ba3-1. *f?%%f}gﬁﬁiﬂ (@) B LURE ) DHETREA 3 - LIORT. HMERISTCEL, % 8 454 2
REREBMNEOFARGER (0, T (€9, 1 OANDASDRRRRIZ LS 2 WA ks
(Uz), 454 (Im), 28R (Kr) 2R:7, 7.2~9.8C, FEMIFEKRIL1,160~1,460mmTdH % (http://www.

jma.go.jp/jma/menu/report.html) o & E HAMIZI2H 225 4 H F

TT, ®EMHRIIN]L ~2mTH 5,

Table.3-1. Description of study sites for fallen seeds of Fagus crenata in southwestern Hokkaido.

R3-1. LBEEERICH T2 T FETEFHORETHOBE

Site Location Al(tIiltll;de Aspects S(l(:p)s \S/t;ﬁ(rines E?rg::cthvglse?es D]zr:ﬁglat beif[:a:elisBHs
(m’/ha) (%) (ha") (cm)
Esan 41°47'N, 141°01'E 230 N80"W 10 298 96 294 329
Kaminokuni ~ 41°43'N, 140°10'E 320 N60"W 13 365 87 165 45.4
Otobe 42°01'N, 140°13'E 230 NI10°E 30 209 69 110 40.0
Kitahiyama 42°31'N, 139°58'E 400 N30°W 35 207 95 193 35.7
Kuromatunai  42°42'N, 140°23'E 230 S 35 374 74 147 44.7

Note: Stand volume, percent volume of beech trees, density, and mean DBH of dominant beech trees were measured within a
quadrate (0.1ha) situated in the each study site. Dominant trees were defined as individuals taller than 10 meters.

58 - MM, 7T OMELE, TFHEBAOKEY, FHRSERICOVTIE, BAEMOFREBICEHRK. 1hadRLEE
ERELTAEL 2. LEREEEIOMEESOEKEL 7
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Ao S RN, B E, BRANTE, 7o 5EN
m <, MHEHETIT~9%6%Th b, D 3IMFIZHTTF
DELEEORNTHETIX, 7FOENICEF /F, V),
‘eay, A5V HITHN, FLRERATIETFOENII
RXF T, TFANINDPEARBIEL TV 5, AR
K12z, 79, av 779, A¥YXYHLTT, NIFIHT
T, YREIDV R EPIFITTRTCOREMTIIT 5, AR
JBIIZEMATIEA 7 Y~ P 2EL L, Zoioffhc
37 <A PESET 5,

QREFE

19904F- 7> 5 200245 F T O 134EH, FA A H N 0#90.3~0.5had
HIPHNIZ, = F Ty 7% 8 ~16ffxE L7z ENEND
=R Ty TEMNEEX v v TR T F U ORB O T IdE T,
Vg7 F ERAROBTE NIZRE L2 ¥ — F 7y FIEk
EROMEFEA0.258m’ L 1 m* D 2 fifHO L D% vy, #HEH 1m
OFE S = — VR TREE L7 5 A H11H O/
I, 1~2AHZEIZY =R by 7ORNEWEREILL 72, 12
A75 4 BOBEMIE Y — F by T2 600 LR
(M CARYA

XL 72N A & 7 F OMEEE, et 2R HL
ROFEHZ L7z THB LT REF Lo RENER
Pk E B L CW 2 SRR CIE, RRICAEE Sz ]
L AELERFOZ [REEA] o 2 EIIGEL 72,
BEPROEEET D L) o BB LETIE, B2+
SHEEE L7 [H%E], BRICAEE SN [HE] BRI
T DHPEDEFEL T [24 ] o 3FEIZHHL 72,
QUETEDRATES, #ERE, REFE FHERBEOEH

KRBEHFEA TS 2 OBATHROBEL D250 TH Y,
% ORMIETIEZH L L EZHBoORKLZ0O—HTH 5
EEZ 5N TS (KIH 1989; Kikuzawa and Mizui 1990; 7K H
CHIR1992) 0 F D7z, T TR T IIZH - 2k
BIETOREIZ & Y A U7z 8 B0E L7zo MEMT-I2oWTIE,
MEFET L2 L T AinyS, BratRREoHs (58
2F) 25, FEMBTIEFFAYF IV r LTI AT
CIOANTEELMAEHRLEEZONL, NS 2FICL HTET
W, enensmtiaos Araaers 6 A LA, 67 LA
5 7 HFIZHA U % (Igarashi and Kamata 1997; &5 2 &) 7%,
CORINIZ E 22T, RHET AW T E Rvniz),
REOMEIZHOBRKICHERETEL VDL EEZLND,
L7255 T, T ZCTIRREMTFIITThET & RThET O
WHPEFN TS EARGE L 72,

DEofEico- &, MEoREE (LIF, Bfefs v
9), AERES, mESR SBAMEEE DToXTHEM L,
MEAE D BRAES = TSl T3+ BUERE T30+ o A F R H+ ok

P-4 (K1)
R = REMT B MAEDORES L2)
MER=REMET MO (X3)
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S FNE = (VA TRETR+ RRVETH) . R T
B+ oA PR RBGAE T (4)
@)F — 2 FER

SRR, TER B AR VT & R R
%5 VHBMRICE D IFFENS, L L, RWIZETILMEAL
P EE) 2w iawnied, 2 TREERRE =
WIE OB BR2SH % MEAE D BAAEEL (Saito et al. 1991; #2 H
2005) O DIZHWT, ZHREEHOMGEEE T2 720 i
FHARGUE, PR E ERE OBk, FAERONAELTL
EHERLOBBERNLZETHEELZ, 22 THWDH
AEBOUTEIE, BIEORAERII T 2 U EDOREHOILT
BB, =a—T—F Y FOA XFHEY D Chinochloa pallens T
DFATIIZEN L 5 &, BRI L Tl Rl e o, FEHO
FIAEH & ER L OMIZHBE 2 BRD S 5 2 LG ST
V2% (Kelly and Sullivan 1997), % Z TazhpJefiae & dids
Tl 5720, DToX%xHw,

Pi=10""+n (X5)

R, = 0"+ ¢ (H6)
C ZTPIRAE DA RME, SIZAEOBIFER, RITiFEOHE
oL om on p oo gFIEHETHD., L5610, B
NHG % L CHHTE 24EWFAMN b 2L %R TH 5
(Kelly and Sullivan 1997) o LLEOFENTIZ 5 T D 7 F M &
Blr— 5 =5 L TiTo 720 BT T, BMERORIEL %
Fi5 5720, FFETHERLNL D5 7220014£0FE L, &
#, AuAz LT BATE R Z 0.001 lil/m* & L 72,

FTEMTROLR L S5 IRCERE LT, Zhklhe
HED &L P EE %2 10T 5720, ZEFER
M7 (Varley and Gradwell 1960; Morris 1963) #1757z, 228}
FERGHTIZ, TCA I TERL ORI E L 5 E K %
BHODIZT L 72D SN FETH LD, 7F0T
—Z AU, AR (BIAE L 72 MEE AT TR S T 12
5 FTOREE) OFEB 726 FTERNE LTkl
RERERQELLPHETH LN EHMAI LN TE D, 77
ML, MEAED 72 ) OFEF OMICT K & idF O SeA LM &
BTk, L REILL DU CLOERE L Tiko 720 20
5, BICCEKIIHT 5 EREER (k, ko) ORI EE
%1%, Podler and Rogers (1975) DI L7zA%y, KIZK
% Z kD MIGREE RO THARD T & THES L 720 ki, kXL
ToRIZk kD72,

k1, ==log (N,/N,) (H7)
k2 =—log (NL/N,,) (X8)

ZZT, Ny Ny NAZZENBNAEOMELR, hHiET5, 7T
FHTHThLb, 72, ZHETEIZLTOXTRD 2,
HET R =B < (1 /2 RlER) (x£9)

EE)FER LS M ToOT—4 1y ML TT-o
7R, HUESPE WA ZHE T HE T E v,
ZOYENNI T DFEZ R E 5T 2 FEAT L 72,
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Table.3-2. Actual data of the annual total seed crop in Fagus
crenata at Kuromatunai, Japan, and hypothetical rear-
rangements of standardised total seed crop to yield
higher and lower CVs between years.

R3-2. BRNICH T BREDQ T FRHEHT - EE2BKRE

SDFELENEEL S B3 7-DICEELL HERORTE

H7—4

Year Actual total Standardized
seed crop total seed crop

1990 698 0.7
1991 16 —-1.020
1992 792 1.0
1993 28 —0.98
1994 392 —-0.01
1995 735 0.89
1996 4 -1.05
1997 906 1.34
1998 9 -1.03
1999 124 -0.73
2000 637 0.63
2001 4 -1.05
2002 844 1.18
Mean 399 0
Ccv 0.94 1

FAEEDAELBORE SHENT LI LI2L - T, Thk
H, MESR ERRP O L) ICHEE T A OD E G
572912, Kelly and Sullivan (1997) &> I 2L —3 3 »
TTNVEMVz, BEROFELETOR S S, FfEEDOZT)
R¥CV (GHUFHE) 12Xk o TRHMM L 72, B4 2 RE EDCY

DWERFMT 5720, kXEHTEOTFT—% 1y b %
TERE L 720
Y= u+a uX (X10)

C 2 CYAZAF OB OAEE,  w TBFEOREE DI E
a \HEAEBE B DO FEB OIRIE (CV), XL FHMEAH0, Bk
WD LIS & - THEELSNZFEOBHEORIERTH 2,
IRAEBAEEOCVIBFEDCVE B 728, €7V TR
DL VEOBRIEHD A DOMHEIZ 2 575, Z 2 TR OH
EHAERD D728 012EE (0.0011F,'m*) 1Z#E &2 7,
ZLT, ?ﬁ%%ﬁﬁwb%&wiﬁ’ﬂ%Té#b fh4F:
DT RTOfi%E —EIZH L7,

ey if%ﬁmi}fi@ Huﬁﬂj 1258 < ARAE L T b (Yasaka et al.
2003) 0 L7228 T ARBOBALET— & O frs ik 572
DI, BIEEAZ D7 v & ) FRFIY 2l RIS DWW T
SFEMERCV L RE, VDD Gt & 7E L7z. BIEDRIAEEL
DIEELTNE, BEESMOEBI T 2P O KIBIZ & > Tk
FoTWBEEZOND, ZOROWHEOMIEET— 5128
WTh, BFEROEI Y — VI3 S nE ) Iz L7ze
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DT = FERIC AV 2 HEORLHRT— 713, AT O
LB OMBREDOFIHH064L, WFRORAHTD FEED
LEE LTVl e, TITERERAOTFT—7 2FHL
72 (Table 3 — 2),

FIAEBROSELBI O R E SAS, ZhahE LT AL 25
AT 5720, HEOBERT— 51 LT, 520
A A S 15 S N2 BITEE & 2 ek & o R (RX5)
E BB & dER L oBRR (% 6) 2B TIIDH,
FLC, KT—5+1y MIBI LV AT SHETORE
3, FEFEMETOIMEFIE KD 7,

33 #HR
EZMBELFBRERE

FIfEER (ESfET, WMEMT, oA FHT, REAET o
AR 1L, wThoRE T KA RELEE R L, BTEK
DOCVIZHEILTIZ0.90, L/ ETIX0.84, ZHETIFLI3, dtis
IITI31.24, BRATIZ0.94TH Y, 5O DF15131.02TH
-7z (Fig. 3-2),

BAEE L R EE L o BIfR, BIAEE O RIELL & R
DOBtR%EFig. 3 — 3 LFig. 3 — 41IRT o 2k RHRIEHIAE
BREFELARPRDO O N, %%ﬁﬁwﬁﬁw?ﬁﬁﬁﬁ
(3981t m* ; 5% FOF) L0 b AmnY SRR
M+iﬁ%% E LD, %ﬁﬁ#?ﬁ%mﬁibéyw%

SRR L 3943% 12 F T L7z (Fig. 3 - 3 )5
Eg+i%mﬁ<R—O%rp62P<OWM)iU%ﬁﬁﬁ
DOHAEL & O T 242255 - 72 (Fig. 3 — 4). BfEE
DFHE D20/ KM OB A 121, HERITHET% TH - 7225,
BIAERL O RI4E AT 20M5 DL Lo A, HERILFIY30% F
TWA L 720
QZEEBEERMT

FHAEHN BT 5 1EMOMAED 72 ) OFEF OFRILTEK,
T EBIZ X BTk, BEIC L BTk, ZFig. 3 — 512577,

SEICHUEIC KBTI, A X BT LD b s
o7z Sih, Az, AR OFTIAH TIEKIZH S Dk, O

JTREUL069 ETH Y, kBB TERTH DL L WA
(Table 3 — 3)o —7J5, ML, L/ EOHREMTIE, KT
Bl DIEARHUZ0.62L FCTH V), kA TEB T ZR & 13w 2
Lhrolze LL, ETOHFHEMIIBNT, bLOMGEREE
M ORGEARB L Y b RE L, REMTROLH L H 72595
TERE LT, SBERI) MEIMUMMICEETH L L
W2 7,
B¥IaL—arEFIL

YIalb—varyETIVCR, BIEROEERECVAZL
FTHIEb%oT, VAT, hETOREY, FTIEMET
BomEFH L2 L7 (Fig. 3 — 6)o LM IZCV =
0 T45.8%, CV=1.0T424% &, CVDOHKIZ & b 7% )
FhThThotze —F, THHETFORERL CVv=0Tix
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Otobe Kitahiyama Kuromatunai
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Fig.3-2. Annual variation in seedfall of Fagus crenata from 1990 to 2002 at five study sites in southwestern Hokkaido.

X3-2. L FEREEABD 5 BFAD T FHRICH 1T 519905 1 5 2002F DIEFEFEHDLED

£
o]
©
I lo
sg_ . _ 100 AR 6‘]5@. O ©aca
° "hd 0|
8 80— é 80_
G 8 .
o (0]
60 A $ 60 |
8 3
o 40 % 40 -
o B
© | o Ao
@ | , m]
= 20 i o 20 50 .
= 1
§_ 0 T T T TTTT07 T T TTTTTIT DI I:IIIIII O T T T T T
5 100 101 102 103 103 102 10" 10° 10' 102 103

2
Total seed crop (no./m?) Total seed crop in current year /

Fig.3-3. Factors affecting pollination efficiency in Fagus crenata total seed crop in previous year
in southwestern Hokkaido. Unpollinated seeds vs. annual
total seed crop; y = (59.27¢ *“) + 41.1, R* = 0.56, n =
49, P < 0.0001. Mean total seed production (398 seeds
m) is marked with a dashed line. Data from five forests
and from 1990-2002 were pooled. HM: Esan; @:
Kaminokuni; O: Otobe; []: Kitahiyama; 4&: Kuromatunai.

Fig.3-4. Factors affecting predator satiation in Fagus crenata in
southwestern Hokkaido. Predation vs. ratio of successive
total seed crops; y = (62.42¢°""*) + 294, R* = 0.71, n =
57, P < 0.0001. Data from five forests and from 1990-
2002 were pooled. l: Esan; @: Kaminokuni; O: Otobe;

- . _ . WA 2 [ — By []: Kitahiyama; &: Kuromatunai.

®3-3. tBEEEBICH T 2T FOSHBRICHET IER yama, N
Fﬁﬁ%% EESBMERED Eﬁﬁly = (59_27:—0.oosax) + 411 X3-4. L BERFEBICH T2 T T OHEERBICHETIE
R =056, n = 49, P < 0.0001, B#5i THBTEH (39 = N
swwsmﬂéﬁ?owwﬁﬁsmm$$5ﬁﬁw BITER DBTEL & REROBEF y = (62.42°") +2

9.4, R =0.71, n = 57, P < 0.0001., 1990 %* 520024
D5E5MPOTF—42%&7T—ILLTW3, BREL; @L
JE; O: 28 L: deiail; a: 2R,

TFT—2%&7—-)LTVW3, BREL, @L/E O: 2
EB; [0 deiail; a: BRA,
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Otobe Kitahiyama Kuromatunai
n=7 n=6 n=9
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Fig.3-5. Relationship between total mortality and mortality due to pollination failure (O) or caused by predation (@) in seed production per
flower in five beech forests. Key-factor analysis was performed excluding data sets with zero data or deficit values.
RI3-5.5FADTFHTD, BEL T SEFIRAT 5 COHBEEEL LHBRTE, SHEBEO), HEFR(@) DEEFREE
FERMITIE, FREBD 0B/ MOEPHERI T SMBETFRICRIBEDNH 5FEDT— 23RS L TV 5,

Table.3-3. Values of the regression coefficient (b) and the coefficient Site Relation b R
of determination (R’) in the relationship between total
mortality (K), mortality owing to pollination failure All bi-K 0.281 0.57
(ki), and mortality owing to predation (k). The data k-K 0.719 0.90
points excluded from the analysis are 1991, 1996, 1999 Esan kK 0.473 0.78
and 2001 at Esan; 1991, 1996 and 2001 at Kaminokuni;
1990, 1991, 1995, 1996, 1997 and 2001 at Otobe; 1990, kK 0.527 0.82
1991, 1993, 1995, 1996, 1998 and 2001 at Kitahiyama; Kaminokuni f-K 0.382 0.65
z.ind. ?991, .1993, 1998 and 2901 at Kurolmatunal. A]l K 0.618 0.83
individual site data were used in the analysis of all sites
(n=41). Otobe ki-K 0.307 0.95
RIBHELTHLSEBFIRATHETOHABZEL 2% oK 0.693 0.99
FETE (K) EZHERBE k), REERG,) DBERICH o
(+ 2 ERRE (b) & REFE (R?) Kitahiyama k-K 0.020 0.01
BILTIE19914F, 1996, 1999%F, 2001F, E/ET k-K 0.980 0.94
(319914, 19964, 20014, ZEBTIF1990%F, 19914, Kuromatunai kK 0.258 0.82

19954, 19964, 19974F, 20014, 4t 4 1L T (321990

%, 1991%F, 1993%F, 1995%E, 19963, 1998%F, 200 ke-K 0.742 0.97
15, EMATIE19914F, 19934, 19982, 2001&EMD

F—R2EDRPSEHLTVWD, 2P L 59T

THDTF—2EEHTWVSB (n=41),
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424% TH o 72, CV=1.0TIZ169% & 7 ) K& %= %R
L7ze L22L, CVALO0%R MR % &, SHfET O RERT—
DAz, —T, REMTHIICV= 0 TIZ58%TH
o727, CV=10TI340.7% &, THHHHERKEZR L7,

60

40 - Unpollinated

20 — Predated

Percentage of seeds (%)

Viable Ij
O-oorob-

1.5
CVv

Fig.3-6. Effect of varying the CV of the total seed crop (at a
constant mean total seed crop and constant qualitative
pattern between years) on weighted mean pollination
failure, predation of pollinated seeds and viable seeds.
The various hypothetical data sets were constructed
based on modifications of the real time-series data set for
one site (Kuromatunai). The pollination failure rate and
the seed predation rate were calculated from the
equations for pollination and predation based on the
combined data sets across all five sites (from Fig. 3-3, 4).
The range of five field CVs (0.8-1.2) is marked with a
band. The mean of the five CVs (1.02) is marked with a
dashed line.

X3-6. HEMDEXEDERY, ZHEBIETF, REETF,

REEFOLEICRIFTZE (THRTEREFEE/N
A—2E—FEELTWVS)
ERNORTERT —42%ZELT, ¥Ialb—Y3a>
ICAVWBEREDT -2ty h&2<{ 2. BT — 4t
v MIHT B, FMEABEEHERI Eh EThRI-3E
RB-4DEEFRA D 5 KD 7=, DT DERE 5 PAAD
TFHROEEORETEROEE)E (0.8-1.2) ZRL, ¥
BIEZDOFY (1.02) 2RLTW3B,

34 EE
(1S rh=E

7> TIRBAIEED L T EZ I R D % T 2 H O
A3 BTz (Fig. 3 — 3)o 2, £ < O (Nilsson and
Wistljung 1987; Norton and Kelly 1988; Smith et al. 1990;
Shibata et al. 1998, 2002; Houle 1999) & [alkE1Z, 7 I id4FE
DEIZF L FoTHAT A LT, AR EMESES A
Uy b DHIEERL TS, AUEAETHZRAMA MO
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WTHB7TFTIE, ZLDEENEZS - THMAET DI EIZX
D, MEZHEPELY, THEERIETLTVWDLEER
bNbd,

T B B R OMGEE, KIS/ (Shibata
etal. 2002), ‘AFEFA (FLH2005) TITHbNL T2, Lo
L, WINOTHHTYH, IR L RS 585 R13H
HENTBET, AL E—H Lo/ 2D L) ITH
3 B RnrA U BRE LCiE, £ camdis (%
B OB GENEZ>TVAZ ENMBRLTVDEEER
N5 7 TIIETOHERDE O RBOMBHIZ LY
MERIAHEA 2720, = FFTy FICL2WETIEED
TR E A Z L3 L v, RIFZE T, dbiEEIc BT
LT AMEREOME, BARYAS, REMETIIEZHE
F L REHEFOW & EN T 5B LIRGE L7275, Shibata
etal. (2002) &AZH (2005) (& & I HERE T2 A TET &
A LTV D THIZBIT 2 2B HAF O IEHE R ARFED 72
DIIE, BOZHEREEROFRPLETHY, TORIZEL
TS HEBEI PV EEEZ BN D,

TFORAT A Y 71T, ZHEA L) BB ERE
BT 5 2 EDIRENT=DS, TERERAEICL D EORE
DAy MALRHLDIEL I He ZLT, TORAY Y PO
722, YAT A TP LIZEZEZTRWDIED ) Ho
T, RGO E 5 % AMAED 720, Kelly et al.
(2001) 2k o TRES NIz, THHFEORXY v N &2 FHliT
BLETNEHCTHE L THZV, SOETIVIE, KBt
T5ILETZHMENEDORERE 2 00%, TR (&
WM G L 720 REE) oS L s 2 & TREliT
L2bDTH Lo PHFREOZHERMEL, KEFRERDZ
BEPESVHITE, B LEO XY v PRV EE R
5N b, Fig. 3- 3% b L7 FOZHEEFEL, EFN
24 TIE®d, Kellyetal. (2001) 235 L7z~ A7 1 » 7l
W5 REL IR L7 (Fig. 3 — 7)o 7O FEITHEROZE
ROV KR EL 55128 b o THML Tz, LML,
ZOWIMEIIMOY AT 1 2 TR S L <5 &, BHEM
DA XFHERIC. pallens & D ZENbOD, FrF¥Fa s T
FIED 2 BiHliNothofagus solandri, N. menziesiid ) 13K <, <
8V &/ X EDacrydium cupressinum, 7 N/ ¥ J&Betula
alleghaniensis £ FIFEETH V), HrahEm@ Lo 2 v MIAHE
I HFEETH o 720 Kelly etal. (2001) X, ZORED
Ay FTERAT A Y7L L2 3F 26N, ik
B ERO BRIBIREDSAFTET 5 DTl AR LiERH L
TWho L722hio> T, ZMRILZFTIET IO AT4 27
DHFEALEFHITELNEEZ LN,

AR, FMBIARICBIT D~ AT 1 v 7, KRN OB
BRELACMHIBRIC L DB ERI SN TV LOWEDNDH 5
(Isagi et al. 1997; Satake and Iwasa 2000, 2002a,b; Twasa and
Satake 2004) . 5 & M 2 EIREIEEE 7L TIE, ZEREIC
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Fig.3-7. Effect of increasing levels of mast seeding (coefficient of

variation of seed output) on relative pollination benefits
(percentage increase in viable seed over CV = 0) in six
plant species. In each case, the predicted pollination level
at constant seed output is set as the baseline, and the
percentage increase in viable seed with greater coefficients
of variation is shown. Data for Nothofagus solandri, N.
menziesii, Dacrydium cupressinum, Betula alleghaniensis,
and Chionochloa pollens are presented from Kelly et al.
(2001).
H3-7. Y XT 1 > JHEM 6 BICH T B, BHIEROEZE (CV)
DEADPZREOEMICE 2 B HE
RERDOEHICLZ2ZHEREOX Y Y M, BEFE—
EHAFPEELLEE (CV=0) OZFMELOLEB T
ffiL T3, Nothofagus solandri, N. menziesii, Dacry-
dium cupressinum, Betula alleghaniensis, Chionochloa
pollens M7 — ZEKelly et al. (2001) »* 55,

FIHCE &I, KIS f&ﬁiﬁéﬂfwﬁé ZTOEREE
#%évww(%ﬁ)%tztﬁ LR LEEE 0EDE
AT A b & LTHW SR, ﬂ%d%m?étﬁmbf
Who BT EHREREEICBLDY, TORETI ALY
EROBHE\IBEMEE THL 2 L1205, $72ET VT,
FEEIIMEEOD BB RICHH S NG Z L2 REL TS
D, ZoORE, FEOMEE L EERESZ A, [ L22A
ﬁ%&ki%ﬁ%%ﬁ%#ib%kbfw%(E%%W%
L72AoTC, YAT 4 Y TIZBI 5 ZHEGHOE 5% 5
Mkl & 72 - T3, $ﬁnfﬁofﬁ¢ﬁb«w® HEN0)
HETE R L, LNV TOREPLIELEEZ S5NS,
QHEEERE

HERIIFE LY bR ORIAE I & B 2 BRI A S
72 (Fig. 3 — 4)o BIEEARIED20R 22 5 & BERL
HLWHAZ L7z TNEAERICHFHAES 2 il S
BEAEWS LTwE 2L, BEOEEFIHAEENAREN
BWVIIEOMETRERELT, HTosfFFErzEdLTnwbs 2
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ERIRLTWD, AEOBMRIE, FHE/AFDIEKE - 5F
BEEo GV (HkH 1996), ‘&FRFAH (IBH 2005) 7% &
e HFOTFHRTHHRESNTEY, 7 TIEFT-Bhin O
BB W CHAERREMHAR) o LE2Z 5N 5,

T AR AT S RRoME KL, BUEE TI227fEDH
L2 ENTW D (T ja 1994; Igarashi and Kamata 1997) o
DL, TFeAY I AOHEPHETFOEMFIZE oL b

BREEER . 2 1T\ % (Igarashi and Kamata 1997; /1811 2003) o
TFe AT T AT TR TR D R L bR L

n, 7HETZIEENLARY Y ) A NCTH D, JLilEx
GOEMDTFHRTTF e AL v VAP TELEFEETDH
LT e SNTEB Y BRE S 2001; /I 2003; 45 2 7)),
B DBTEDEEENL 7T & A Y v 7 £ O A % [0

T 5720 H 70 SNAEMREENEVEEZOND, I E
THAEERARBUE, BT IICET AR v ) X M
Lo THELZITHHMMBETELFFEN TS (Kelly and
Sullivan 1997; Shibata et al. 2002), =2 —3Y — 5 ~ FD & JE
WZEEBT S A REHEWIC. pallensTlE, BIIERORTEIL L 3 FE
DAY ¥ Y A SRRIZL D HEREOMICHE B OMR
3% % (Kelly and Sullivan 1997) Z &, HAROHIEL B
O (THYTFT, A XVF, /<7, IXF, /X7
F, 3+ 7) TR, HHEOETHARRERASE TN
(Shibata et al. 2002) Z & 3y STV % BEERDE <, &
TMOEZ I HAET 2 L) REATEL AR Y A
FRERIE, YATA Y TICBIFAEELARBIKTE L LTH
WTWwh EEZ LN,
QEFETEHDELHDEICHESR

RATA YT, HAEFEIALE RKEEEST S L) IR
LT B 2AEMORERE LS5 &\ ) IBEDEE T
bo HIFI\ZZMRIZARG L BFR T 2TEETH D, HE TR
HRENHEART AU TH D, ZOBHITLIIBTNS
WELELMEEATHS, BIZIE, BRI T 2 Ef
WTKEFET 5 2 LITARTH 5725, FEHERGTIX
ﬁﬂf&wobtﬁof,EBQ@ﬁﬁrﬁVX?{Vﬁt
Lo TEEDPTHLT 2R ILEL 5 LTSS (Norton
and Kelly 1988; Koenig et al. 1994)o EDD, RATA VT
D HRBKEOM W EE A I 5 2 &1k, YAT 4 ¥
AU BRI A 2 AL RS FIZBWT L EEL
e Y (W

BEYVEERRSIIZL D, RERTFEOLE % 725
R E LT, ZhAREL ) S HESHWICEETHL I L
Mbh o7z (Fig. 3 =5, Table 3 — 3)o 7T DL DELE
B, THEE,LOENLOICEILLERTHY, H
LEAE KEEETHAEVHITEEL D L, #EET 5 2 4£H
DFAEE AL S5 L\ ) IREITR L CRIKED Do T
WA EEZ LN, FNTIR, 7THICBIT AR DOFELE)
X, ALY I LERELY SO 5720, £ L) RIKE



WZHBDEA) e 2ITIRY I 2L —3 3 Y EF VORI
FiR xS EITHET L THv,
HAE—EmDBE L7286 (CVv=0) 1IN, BfEEo4E
BENREL 2B LT, REFFOHFIIRECAELT
w7z (Fig. 3-6)o L2 L, SRR L RO Z /Lo
JEIIRECELRD, CVOMARIZE D v, i RlEEs b g
ML Lo 7zol2xt LT, HEFRIZCVA0.8% 2
5 LB RN Lz, FERS, ARWIETHA L 727 I
B BHEBOCVA1.02 (#ipH0.84~124) THH Z L 5%
RBE, TFORAT A Y TIIZZHEREm E&Es 2 L
I LA EERMEES S 2 L@ AT Y FARIET B &
Wz 7z, F7z, BRI E b v BUES A L)
DT %L, CVISL0EBR 5 LEAIFIEE Y, EBEL
TWBREFPLIZEBPRKE %o ThH, WEHHEDO X))
v MIMELZWZ EZRL TV, L2S> T, 728
VT BIACE O TN, AL M AR R D 57
DI IREEI D D EE 2 BTz,

— %12, TIKEDR L Ao TV BT &, T pED
FEETPRE VW E S (Silvertown 1980; Kelly 1994; Koenig et
al. 2003), Y AT A Y ZIIRT DAY v MAIT L A E LW

Wik, EFAEERHEHOCVE BB X 20.85~1.35D#if,

SR IEIREAS 22 02 > TV B TlECVIZ1.35% L2 & %
ZHNTWw5 (Kelly et al. 2001) . Bl 21X, 7' FERIZEIKE
ELCHIERMEDSTAET S A XEHEWIC. pallens|Z, BITEEL
DCVHL.8EE < (Kelly and Sullivan 1997), D2 & %
LTCwd, L2Lads, 7 CRBEROCVA1.02E, %
CDORAT AV THEMOHFTLHBEOREETLL2%L
(Kelly 1994; Kelly and Sork 2002; Koenig et al. 2003), Kelly et
al. (2001) DL IE—3% LAV, L2 > T, CVIELT L
HIWHKEDRSIKGFE L TR WIS ZE 2 5N b, 20
M2 DOWTIL, J£4F, Koenigetal. (2003) 2%, fEAEEEN O
FEFIERE/ N Y — % 2 F TOFMERLETH 2 EAHEOLEH)
PECV, 7213 T2 <, MEROZBECV, & BR R o [ F P, % 0
ZCHMILIES L TEHRLTBY, 2NN &I
2 & B Pl A FENCE TS, 22T, IIKE?Z B
RRHIRI 22 LAY 2 Ffo 72 F AR TH L 56 TIE, Ml
WEEVCV, ECV. e B RO T L%, Z L CRIKE2SRETH
LA L W T REOWER, Rie ARY ¥1)
AN EBBREAIDE Y 2R T A OISR DA
R ETIE, HIETREOCY, L BWCV LKL E ok
TPHMLTWD, L7z > T, 7FOBIEEDOCVA K10
THHONEWSEPICTB0121E, 7FHICBT AHTHE
HOBEIRES, EHRES), CV. nEZRRDLLENDH DL EE L
Y
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WAE THICBIBRATAVITDAI= AN

41 [FUBIC

MZETIX, 7FDOYAT 1 ¥ IR HEE» S O
LA L72BIRTH Y, BUELE U T2 BB OELT)IZ,
WEZ LT OEF2 B0 5 OICRERIREICH L 2 &
LM L2 T, 29 LREROELEIZED LD
BANZANZE 5 THIESRIENTWBEDES D Ho BUE,
SFSERVYRAT A VTR TE ORI & 7 2 R A & 2
W20 oD0H 50 (55 1E), 75 TIERZITHIE 2 FE L
BHENTWAR,

YAT A Y TR T O AR NI LE TS 2
ETHD, LIzho>T, VAT 4 Y 7 OEREEROHBEHIZIL,
LB L D A ) = XL OFMAPBNEE R D, ZRET
DOWFEIZ & B &, THAHEREOFZEBY AP RN O By ik 2255
e EOBFEROLEB DR L, EERMORTIITR G5
MR sLE20NTws (158,

RETIE, BB T2 T FOYAT 4 v 7OREER
IZoWT, REIBINT — & O L o THGEET %, LT,
TFDOXAT 4 ¥ 7B B RRER L IREROBIRIZD
WTELRT 5,

42 MRFE
T — 2 &

BIAERCHE T & o 2B E) I, AR I A T v
EOEENLEETH S (Larcher 1994) o Z D720, FAFIZ 1
JEDO BN KRB DOMRTE T 2 AT A~ AT 4 » JHilyT
X, BHHOT- DI LB BRZERNIIRL TWAEEZ L
T2 (Sork et al. 1993; Koenig and Knops 2000) . L 7L,
RN OEFRCEIROBELZ TN, ~ AT 1 v 7L OBR%
WGE L 720F%213 4% < (Ichie et al. 2005; % 2006), % <
WhgeTld, AR TEE-OEN T — % 2 ACHBES T 2
Z LT, WEEESY AT A Y I RITTEE AR L T
% (Norton and Kelly 1988; Sork et al. 1993; Koenig et al. 1994;
Koenig and Knops 2000; Masaka and Maguchi 2001; Ranta et al.
2005) s SOHPNL, VAT 4 ¥ T NOEFEORE L IR
W72 R & 1d 7 6 2\ S, BIROBIESRENIZEETH 5
ZEERLTVD, LT TARIETIE, 7FDO~YAT1 27
NOGIFENEO B A GEES 5720, JLiFEE O 7K
RIS AT CTHAR S N 1B OMAEDOBE T — 5 (563
) AW, BAEL TERORIEO B CAHMREB L O
MAE L 2EFORAEE & OfF B CHBIRE (1 Fio it
DEBEZFEVZLD) ROz, Tz, BT EE R
log(x+ 1) L72f%, MHTICHW72,

TFDIAT A Y TNORREWOHE G b 720,
SBGME E FAEELE ORI E ATz WOEHD E ALK RS
HEDBIEENCHEEE L T L D0hbn b R\vizd, T ClEH
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D4 ANS 6 AETOIOHM I LIS FHHESRNR, Ty
¥ 50, 39 H AR, B X O10H BN CiE o Hix
s, IO B EZw R e Lz, wg Wi % 4 A2
56 HETe L2BAIE, (DAEHARTIZ6 A THEIZT SO
fFoRMrod6ns 2L (Zh -6l 1983), (2B
LORNK & 7% 5 JE G OHFEENO L ENHED D LY
BIZAER 35 2 & (Owens 1995) 12X %o f#fTCld, L,
o E, O, s, BN oA D S 2 12 123km,
14km, 14km, 11km, 8km#f417- AMeDASHIMI A (ifiE, VL7,

3B, A4 BRI oFinT — 8 2 v, M5 og (x+ 1)
L 72 BAES & &5 & OMBIRE R Ko 72,

S—" /X7 FRT AN TF TGRS YAT A V7D
MY H—, 75T 2% 2% (Piovanson and Adams 2002), AHf
FeTHE, FEHMEEROEEII OV TEANE o720 20
B E LCl, 3CI23RE (1997) £%1990~19934E0) 4 4F [
{22 C, Yasaka et al. (2003) %%1990~20004F D 114ER] 12D
W, BAEEE Bk, SURMEZIRE (RESEGREKE) L
DORREZRRTBY, TOWTIIIB VTS B2 RIS
LN molzl EllL b,

7 ORI AT T WE OB & ]RSO
W IRFA S 5 720, BRUGOIT 2170720 M ZEUS, M4
ETERIOBIERE OBICZT A EZAOHCHEYRS - 72
Z&, AHTERS 5 B £ TOI10H B P H AR
(UF, miR&im &) & RO MICH =R BB LR
HolzZ b, HWEORHEHE 4 H T~ 5 HHi DRk
Ailke L7ze F/, PN T, M7 ZERUIH W 5 RIEA
MO 2P 3 5720, 44 T4, 5H B4, 5HH4, 4H
TH~5H A, 5H EE~mt, 4] N~ 5 Hh o
BHEIIOWTHET L, 40 T~ 5 A A o235 EENC
BOEHEEG2TnAH I L al L7z, MiEEHHT 5H
5 7OV OEPUL, AR i (AIC) & H R
FiFEAOPERE (Adjusted R?) 12X D ITo720 AICH R D
A&, Adjusted R D REWVET D, b ERD B
S HPOHMICHHTELET N TH S, T TIIETOEE
R Wlog(x+ 1) LT Wz, F/z, M AM oL E
HAEEDORIEIZD v Cld, Quinn and Keough (2002) 12 L 7z
B, R LT 2 A (tolerance) HAN0.ILLTFIZ R\ T & 2 HfERE
L7zo BlfEEE 4 AT~ 5 H A omIRAURIE, FHAHbH
OB DT E 21062, 092TH D, WINoOFFE
WTHHE UL IZEE L T2 eh s, EMEomITRE
12T 72

43 #BER

FIAEEIE, WITNOREMICBWTHFIZL o TRELE
BL (EHRIHCV =0.84~1.24), HILTIZ 0 ~583fHm’,
L/ ETIE 1 ~900M8,m®, CEETIE 0 ~812M8, m®, duizil
TIL 0 ~683ME m*, HARNTIL 4 ~906MH m* 23 HIAE L 72
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(Fig. 3 — 2)o @& COHMAH CTRTEEAHR D7 0o 72
4 (40MEm* i) 1, 19914E, 19964F, 20014ECTdH - 72,
FTEMFED RS LFEEFH LR, £OCVIE1.26~1.83
THholze ETOREH T L CHREMTBHEL D> 724E
1, 19924, 19974E, 20024ETH - 726

HOMBESIT ik, k2 E, O, BRHNO 3 D0fidiH
T, HEL VEROMEE OMIZE R R AOHMDRD 5
7z (Table 4 — 1) F72, Hib&dpBlicBwTE, AE
TlEzwboo, L 1ERoREEE OMIZaDHEE
I oize UL 2EFOBEKOME CHMREL, A3
TlEHWb OORADEN DS > 72,

Table.4-1. Temporal autocorrelation coefficients at 1-year time lags
(ACF1) and partial autocorrelation coefficients at 2-year
time lags (ACF2) in the total seed crop of Fagus crenata
at five sites.

F4-1. T S B ORERT — 2 IS5 5 1 FRIDBHER

EDBCTHEEFEE (ACF1) & 2 FRIDREEHR & DR
HC#HEEfRE (ACF2)

Site ACF1 ACF2
Esan —0.496 0.032
Kaminokuni —0.564 * —0.316
Otobe —0.555 * —0.268
Kitahiyama —0.525 -0.327
Kuromatunai —-0.701 * —-0.513

Note: *, statistical significance at P < 0.05.

FIAEEL & Rl & OMBBRIE, WFhoFdmizBw
THHEM L 2% % L7z (Table 4 — 2). FAfEEUZ, 4H
T ORARAE (R, r = —0.62, P < 0.05; BARN, r= —0.58,
P<0.05), 58 FoFEEAR GEil, = —0.58, P<0.05; I
J B, r=-067,P<0.05), 5HHHOREENR (B, r= -
0.71, P<0.01; &, r= —0.66, P < 0.05; BFH, r= —0.69, P
<001) LEOMEDDH -7z, 4 AT, 5H A, 5AHH
DEERIRD ) B, WL OO TIIHEIIEE TR Do
7S, BRICHE L, CoOMBOMMIRb o7z, L
7235 T A TR~ 5 A dA ORI IR B4E DR & %
BaBEREH L EE SN,

WEROMAEIZB VT, 4H T~ 5 H i ORIt
AIPARAE (1979~20004F D 224E B 0 F45) L 1 CTLL kv
&, BAEIZEACBIEL eh o7z (Fig. 4 — 1; 7272 L19994F
O b EL Avksl, BN E ). 72, SOPHMELD 1T
ELAiRE, BiT59C, bk ET7ITC, Z#T43C, 1t
BILT4.3C, BARNTISTTH Y, T o&imb & E 5
EDOMNZITEZE R IEOMBE IR 57z (Fig. 4 — 2;r=
0.99,n=5,P=0001)s %AMeDASD1979~20004F O & i 7
=5 %L L0, PEBELY I THVRBEZ B R 2ED5E
MRE KoL 2 A, HIL, E/E, ek, BRPNTI20.23,
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Otobe Kitahiyama Kuromatunai
1000 : 1000 T 1000 - :
97 ! ! e o2
800 ® 94! 800 94 92 800 90 o | ®92
w0 | 97e @ o 95!
600 — o o9 600 102 600 4 00 ;
400 & 400 E 400 s
200 - 95 ! 99| 200 — P b 200 — L g
o @ 93! '96 100'93/98 99, '96 o | 'y
a '90@ 98¢ 91 ) '95 @9 | e 91 93! 98 , 01,
é 0 _—I—'—I—‘—I—‘r‘ﬂ 0 T % {E— "\L 0 ——|—Y—‘—?—f—q—91 20
a 2 3 4 5 6 7 2 3 4 5 6 7 1 2 3 4 5 6 7
g Min. temp. from late April to Min. temp. from late April to Min. temp. from late April to
B mid-May (°C) mid-May (°C) mid-May (°C)
Q
% Kaminokuni Esan All sites O Kuromatuna
kel 1000 %0 e | 1000 ' 1000 - A Kitahiyama
— 954 ' O Otobe
800 b0 800 ; 800 AO%QA @ Kaminokuni
97 1@92 e
600 ° E .02 600 - "¢ 95 !e°0 600 1 A.F% 5 B Esan
an! ' °
400 K 400 - o
93 ! 97 @ '0250
200 - . % 200 4 eein .
QR '01'91 | '98 oq 6 01
0T ee e 0 — € g
5 6 7 8 9 10 4 5 6 7 8 9 3 -2 -1 0 1 2 3
Min. temp. from late April to Min. temp. from late April to Deviation of min. temp. from
mid-May (°C) mid-May (°C) 22-year mean (°C)

Fig.4-1. Relationships between total seed crop of Fagus crenata and mean of the minimum daily temperatures from late April to mid-May
in the preceding year at the five study sites. The 22-year (1979-2000) means of the minimum temperatures from late April to mid-
May at each site (5.9, 7.1, 4.3, 4.3, and 3.5 C for Esan, Kaminokuni, Otobe, Kitahiyama, and Kuromatunai, respectively) are
indicated by the broken lines. The graph at the lower right indicates the integrated trend for the five sites; note that the horizontal
axis represents the deviation from the 22-year mean.
B4-1. BATERTED 4 B21B A5 5 B208 O HREKEDFHIE & FHEHR & DR
WHRIEMSITD 4 B21BH 5 5 A20H D ARETBED2EFY (1979~2000%F) £RY (B, L/ EH, Z&, 4tk
W, BRATEZHhENL9C, 7.1C, 43C, 43C, 35C)c ATDIZ 7B 5MPE2£EHHDT, HEII2EFEFH

75 DREERT

5 10 T )

S r=0.99 _ _ ZATIX0.18% % 5 720

° P=0001  Kaminokun TERHICE, L/ 28, L, BENO 450
-% 8 AW BT, VER ORISR (TSC1) L4 A T1~5A
o) ) DFARER (Min. temp.) O 2 D DRI A LA 5A A 75
g 6 - EFUDERE N, FAEMOEBO58~83% & HHIT 5 Z &
2 Kitahiyama NTE72 (Table 4 — 3)o —J, BILTIE, 2200%H %
3 4 - _ BAAFEEF N, BIAEHE BT 2RS0T F LTl
< Kuromatunai YOO, BIEMOETO66% % T 5 = LATTE 2, i
2 (LR ARECE 8 5 &, Min. temp.I4TSC 1 01.05~1.364%
= 2 | | | | OfEFR L, BIEMICS 2 5 EHOMR S5O0

6 1 8 9 10 11

Mean annual temperature (°C)

FEHIZ BN THEREETH -7 (Table 4 — 4 ),

Fig.4-2. Relationships between mean annual temperatures and
critical minimum temperatures for the total seed crop at the

five study.
R4-2. 50 FAD T FHICH T 5 FETFHTIEEFHEICREN &
RESREE DR

71
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Table 4-2. Correlation coefficients between log(x + 1)-transformed total seed crop of Fagus crenata and temperatures from April to June of

the year preceding flowering.

T2 MBEBRL 27 F OREH EFHERED 4 B S 6 ADFETRIE & DIEBERE

) April May June
Site Early Middle Late Early Middle Late Early Middle Late

10-day mean of mean daily temperatures

Esan —-0.26 0.28 —-0.37 —0.57* —-0.35 —-0.10 0.22 —-0.07 —-0.09
Kaminokuni -0.48 0.44 -0.21 —0.68* -041 -0.12 0.01 -0.32 -0.13
Otobe —0.46 0.24 -0.14 —0.56* -0.45 —-0.03 0.26 —-0.13 -0.27
Kitahiyama —-0.29 0.28 0.02 —-0.39 -0.14 -0.04 0.16 —-0.05 0.00
Kuromatunai —-0.36 0.53 —-0.36 —0.57* -0.22 0.12 0.26 —-0.01 -0.13
10-day mean of maximum daily temperatures

Esan -0.21 0.31 —-0.10 -0.44 -0.14 -0.04 0.30 —-0.05 —-0.03
Kaminokuni -0.45 0.46 —-0.02 —0.65% -0.44 -0.04 0.09 -0.34 -0.21
Otobe —0.43 0.26 0.24 —-0.49 -0.24 0.08 0.37 -0.28 —-0.32
Kitahiyama -0.32 0.24 0.29 -0.13 —-0.03 0.01 0.21 —-0.15 —-0.03
Kuromatunai -0.32 0.43 0.00 —-0.38 0.03 0.17 0.47 -0.04 -0.12
10-day mean of minimum daily temperatures

Esan —-0.10 0.20 —-0.62 * —0.58* -071** —-0.38 0.03 —-0.10 —-0.24
Kaminokuni -0.37 0.42 -0.43 —0.67* —-0.50 -0.38 —-0.16 —-0.28 -0.11
Otobe -0.13 0.07 -041 —0.26 —0.66 * -0.16 —-0.05 0.10 -0.19
Kitahiyama —0.05 0.16 —-0.30 —0.46 —0.40 -0.15 -0.04 0.15 —0.05
Kuromatunai —-0.18 0.39 —0.58 * -043 —0.69 **  —0.20 -0.24 0.07 -0.07
10-day absolute maximum daily temperatures

Esan —0.40 0.31 —-0.16 -0.21 -0.32 0.01 0.36 —-0.08 0.01
Kaminokuni -047 0.13 0.29 -0.37 —0.75 % —0.04 0.18 -0.12 -0.17
Otobe —0.45 0.18 0.04 -0.27 —0.50 0.02 0.40 —-0.10 —0.30
Kitahiyama -0.14 0.24 0.05 0.31 —-0.30 0.08 0.30 -0.24 0.16
Kuromatunai 0.00 0.32 0.13 -0.12 -0.34 0.32 0.54 —-0.21 0.23
10-day absolute minimum daily temperatures

Esan -0.34 0.03 -043 —0.58* -041 -042 —-0.19 0.16 —-0.20
Kaminokuni —-0.07 0.28 -047 —0.64* —0.50 —0.55 —-0.03 —-0.07 —-0.30
Otobe 0.00 —-0.07 -0.34 —-0.36 -042 -043 —-0.05 0.07 —-0.38
Kitahiyama -041 -0.21 —-0.13 —-0.49 -042 -0.12 —-0.02 0.09 -0.24
Kuromatunai —-0.23 0.12 -0.22 —-0.28 —-0.39 —-0.16 -0.12 0.02 —-0.36

Note: * statistical significance at 0.01 < P < 0.05; **, statistical significance at P < 0.01.

44 EE
MRRAT 4 > TDEEERBDA H =X L

TP & 2 AN ACRTE T A KB E S L 720, FEMN % &
ROERBLT 2 AT-> T\ b &SNS (Sork et al. 1993; Koenig
etal. 1994), KO FAEREIZIEEL L OBFEPLER -0,
BEE L B FE OB OXEFICEROFERZIToTBY, &
ZIBRE BEEIHEL TR EEZONL, 29 LE
A%, AEMIEAHEA T B AP R O B IR BN RE 2 B3 5 B
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FFZEIC L > CH M SN TB Y (Isagi et al. 1997; Satake
and Iwasa 2000; Rees et al. 2002; Satake and Bjornstad 2008) , &
BROEBPY AT 4 72| SRITHEROUGEDTH S
EHREIN TV D, RIFFET, HBFE L 1EROBIEEE O
ICHOHCHBE» RO b Nk RIE, RN TOZ ) L
BREREE L 7-b0EEXONL, £z, B L 2400
DOFEEORECHEREb A TH 722 & (FIlE b
<) MBIE, 7 TG L ZZEFEOEBEIC 14D L2 BT



Table.4-3. Comparison of combinations of two predictor variables,
that is, total seed crop of Fagus crenata in the preceding
year (TSC1) and minimum temperatures from late
April to mid-May, based on multiple regression
analysis of the total seed crop (n = 12).

F4-3. BEEIRBMAICEL 2 T OBEBICKT 3 2 DDOHBAE
¥, RIEDRTER(TSC1) & 48218, 5 5 A20BD
HEESEDHEAEHEDLEE (h =12)

Note: The smallest AIC and largest adjusted R’ values indicate the

best subset of predictors. Significant predictor variables: *, 0.01< P
<0.05; **, 0.005 < P < 0.01; *** P <0.005.
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Table.4-4. Regression coefficients and standardized regression
coefficients of determination from a multiple regression
analysis of the total seed crop of Fagus crenata against
the total seed crop in the preceding year (TSC1) and
minimum temperatures from late April to mid-May.

Ka4-4. T FOREERICH T RIEDORTEH(TSC 1) &£ 4 A2

185 5 B20BDBRETEICOVTOERFH A
DEFFRE & FELEFRE

Model structure R Adjusted R AIC
Esan
Min. temp.*** 0.709 0.680 7.45
TSC1 + min. temp.*** 0.721 0.659 8.96
Kaminokuni
TSC1 + min. temp.* 0.655 0.578 10.70
Min. temp.* 0.492 0.441 13.33
Otobe
TSCI + min. temp.*** 0.752 0.697 5.49
Min. temp.* 0.441 0.386 13.23
Kitahiyama
TSC1 + min. temp.*** 0.797 0.752 0.07
Min. temp.* 0.384 0.323 14.38
Kuromatunai
TSC1 + min. temp.*** 0.862 0.831 -0.27
Min. temp.*** 0.601 0.561 10.45

HEEZOND, LIz oT, 7FOREROELINL, 1k
NOEFHEBRREOZEI L > THERI SN TVD 2 & H%E
SRIBEN D,

7 ORIAEENL, BAfERT4ED 4 A M, 5A LA, 5H T
DEERRE HVCEOMENH Y (Table 4 — 2), 4 TH
~ 5 B ORIESIRAT 7 F O E R L TWE T &
ARENT, F72, BMEEE 4 B T~ 5 A offfain
OB%E (Fig. 4 — 1) #5513, BIEZ3ET 55RO B EA
SAEAE (1979~20004E D224E DY) D+ 1 Cldh b 2
EDIRENTz, BAIRKIRATFEDOK 1 T LR & FAED
HENszDTHb, CONBTTFRORERTILIRLTH
D, 47 FH~5 A PaOSIRGMNA 7> OBRIE (B 5
WIEBIAE) DA (cue) 127> TWB EEZ BNz,
TFORAT 4 ¥ T ERGEMEDBRIZOVWTIE, ThE
T% L OWRED T F OB TEFEET L RO D 5K
REMOBERERATVDED, BIEOEROHE T e FmI LR
Oho T, FIZIE FE (1997) IEAMEOT— 5 &

v b D) B19904FE 2 519934 £ TD 4 AEM DT — & & FHWT,

FAER L Hi4E 5 H2» 5100 £ ToHPIg&m, HRoKkE, B
L UH T & ORBETCRE (FR3EHmeTEkiE) & oRRE
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Site Pre{iictor Regres§ion Sta}ndarized régres-
variable coefficient sion coefficient

Esan Min. temp. —13.411 -0.777
TSC1 —-0.123 —-0.126
Kaminokuni Min. temp. —12.636 -0.574
TSC1 —-0.416 —0.423
Otobe Min. temp.  —6.845 —0.651
TSCI —-0.576 —0.557
Kitahiyama Min. temp.  —8.123 —0.704
TSCl —0.684 —0.648
Kuromatunai ~ Min. temp.  —4.917 —0.575
TSCI —0.553 —0.549

AAR7z7R, BIAEICBE L2 RGeS TE otz X

7o, WE - ZEIRSEOMAEETIL, REGILIROMESIE, R
R CTOITEB O#EFET — % (Hiroki and Matsubara 1995)
% fRHT L 72Piovanson and Adams (2002) %, HIb4gL )L
TOLFE M ORI T — & % fFHT L 72Suzuki et al. (2005) TH
FEECH Do ZOL T FORMEDERBLOH S i
HoO—>2121%, GROBMIZH 5T E 72/ GBI O
KATF O EHE S LTV o 2T A S S T
W5 (EZR - 45 2005) o FERDMNTCIL, FAEMICHR LT
WAMeDASD 7 — ¥ BAHWOHNT & 727, ZOEEIE 7T+ 0
AEEHE LIELITKRES R R 0HTHD, T72, BIOKK
LT, BEOBROBER IS TR CHEFEM (FiEM
TH) OF =5 T ELIENHITFONL, 7FILHTE
BICHEEZ ZT 2EEDE W20 (Fig. 3 — 2), AEEHIIH
o ax =5 L LTARETH D, RIFZETIET FHRE
AMeDASDIEEEAVNE o722 & 13RI B L Sl T
—Z Wi TWzZ L3, FIEDEHDIERID %055 720
REED D % o

EAEHATIC & o TERFEFEN 2 MG L 7-FR T, HERTO
FIfEE L 4 H T~ 5 A o RIERIRD 2 D DB % M
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RATZETIVASEIRE Nz (Table 4 =3, 4)o L72A5 T,
7T ORI, BIREEE L FAAOGK L 7 5 RS 5N
ARIHER LR, MM EZE L T LEZ 615,
COEHIRAT A V7N, BEHEEGRERIL > TE
LTwabZ &, 7FHERIEDI—1T v I8T FF sylvatica?®
7 A1) # 7 FF. grandifolia (Piovanson and Adams 2002), = =
— V=7 Y FIZEFT 5 A AFHEY Chinochloa pallens T b
HINTWD (Rees et al. 2000) , EIRFREDTE LT T- D HpE
EARESELH LA DAL LTHE, BAEOEKN
ERBRGGMENEER RS ED A=A 0L LT
TWh EHREINTWD (Rees et al. 2002; Satake and Iwasa
2002b) o
(2) 7 F D EEFEE B

FAEO GO b EE M) X218, BEFIC 1 2% M L
TIRIEEELZETHDE, EIETHENIZLHIZ, TFo~
AT 4 ¥ 7IE, BYEERRZEESELREZRA) v b
MRS B0 AMEFITET AR ROBELIKT &, B4E
DOBNHEICHEA P EREN 2 WIIE O FET) 2AREL
T, BFOEGEEHLT LD THL, TOLOERIZLS
ZHERIRE, FEFRHAEE 2 RESE 2 DIRRMIZEH T
HEEZOLND, F7z2, BIHKILIZ L o T, BEDORHIEEIT
IV RELLDHETFHEND, B8R, BRELZDIEI
BIHIZFIH L QW BFELZ TN CREICRIT Z & TE S
N THhb, L72hoT, BIHKIEEOREIZIE, L hEL<
DEAERIEL, 512, ks ) ORERD L L%

HEEZOND, LichioT, Bz 5 &R 3E6MI,

7 OBEREHI) D B 72D HEAL L 22T A B L v 2
bo FEE, AWIEDIMEM OF— % % /Th, 19924F, 1997
fE, 2002FE DK EAEFED 2 1L, AR 4 A TME~5
A ORISR TFELY 1CTULEEL 2>TBY (Fig
4 - 1), BIHOME LD, T 6 o |k & BRI 2
ERELTWAEZ EERLTW

FIHIRIE DS ARESRH%0.18~0.23 (4~ 64E12 1 %)
THHI LD, HALWICEELEZ 2 5N b, REOBIIGZ
IR LT, BT AEARY v ) A MAEGROE S 2%
L& 2 L) FHBHEALASTTREIC %2 50 ZOHE, BILE®

ZE)ZRECLTHRFIIEET & 20 FhHRIEDIEE,

MEFHAEPTFUCELVWHETELLZLERH L EEZZH
Nb. —h, SUERICEHEKIEOMEIELS 220 bHEL
%bo R T FIRETFHAENSITENONL A, L
WA DT ORI T 5206 Th S,

Dl ehs, 7FHORMEA T =X 200E, BEHEHIC
XIS 2720 EAR SN R LA THDLENVZ D,
LAaL, ZOLL AL, RinxaRE L TWA7D, BEE
HUZAETTH T L HERIRB LI LTRSS T d 2 mTaelk2s
BB, TTIZ, WIREELAS~ AT 1 ¥ 71T 9 2B il
0, —EHOREFE Tl T 5 (McKone et al. 1998; Rees
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etal. 2002) o TET-H3% { OFABW O & 7% % 7 F12DWT
b, MIREBLOREFMIIVLEATH S, 727211, ERBEICH
FRmBEALDS 7 & 2 ORT-EFH I L TED &) 2g¥ie T
IFTHICDWTIE 4B TH2 S 5 A PR oRESREY 7 5
EDLIEZ LT 00 DB LETHL, ZDLH
REEE RIS 5720120, &6 7% 5 BN Z2BIH 247w,
RATA VT ERGEMEOMREFEL CARDLEDND 5.
RS HEDEE

i E R VEER O 7 O BATER DR B L, FIREIREIC & -
THH SN, ZoFFIZIE 4 H T~ 5 A omiiims
FIEOARE LTI CWw 2 SRS Nz, 2L C, C
ORTEBORMBEA T =X 21E, VAT A Y TOERERNTH
% FICAR T OFEF- i E D [E | IS L 720 TIab 2 A A T
HBHIEBRBENIZ, L, TTORAT A ¥ TOFENR
BRIZOWTIE, FEMETREEELZREDIK > T D,
FB—OREIE, BFEHEO L VEEOSVWHEETH 5, 0
I DRI 5 PN, EREAAL T OBMEBR AR O &R D
FMTH Lo 3 TIC—MOBTETIZ, B & ok %
3 CIPE B & OBRAHGEE S L, IR O BRE)S <
AT AV TITHBEL CnDL I EDRENTV S (Miyazaki et
al. 2002; Ichie et al. 2005) . 7'FC & ALY = O FHUAG £
STHY (1% 2006), 4HBROGESMESND, 72, 1F
MORGEE R P& L Tld, Isagietal. (1997) X°Satake and Iwasa
(2000, 2002a, b) DOEIFENFETE 7 IV DOIEETDH 5, Rees et al.
(2000) &, =2 =Y =T ¥ FIZEFT 5 A AEHEWIC. pallens
TOLREMOMERMORIET— 5 2 b L12, BFEEHETT
NVDINT A =5 — %R, fFHNTZETNVOEE) L EREOH
b - AEEROLEBHZ I L TV 5725, 5RO LD Bk
L) EFHELZFHMTL2 I AREEZOND,
BIOBEIE, T4 ATE»S 5 H ORISR E
EDLHIIEZLTWADPIZONTTH D, —fKIZ, 63
AL xR G &R ARSI, SO ETIL % < AFH#
TR 2N RIEDPSDRETH L EEZLNTVDS
(Schauber et al. 2002) . 787 & i (AT T AW O% 4,
ABBOSRRITESRHEICL > TRELELDLINLLTH L,
b L, 7T OFESDTIROHMIIEI L > THELE 2T T
WD 7% 5IE, 10~100km D R FEFR 25 72 - 72 BIAE LK FE D [7]
7 (Yasaka et al. 2003; Suzuki et al. 2005) 1FH2Z 5 &\ E3 T
bHho L12iioT, 7HiE4 AT~ 5 JHHoREED
FHREPLOTNERH#HL CNnDEEZLNL, 72, 20O
ZEERMYITENL, BRISEIT LoD B IIKIEBERILO R
Bailis 29 A CHRRHEMZIRMUTE 13T TH 5,
BEZOHEL, WO GHUAORMEROHE TH %,
BRI % PR S & 5 R, BIEOARIDAMZ S, (1)&1HE
OBFIREE R 2 5 & 5 @) & 28558600 BIZIZE
DRI HoE) OFZE) KR L 5 EHIFH © Masaka
and Maguchi 2001; Satake and Iwasa 2002b; Ranta et al. 2005),



(2R FEDMARR DD { B A= HIFK S N5 72 DEER O &
BUREEDSH 5, & VIO H D TEATFFIF © Isagi et al.
1997; Satake and Iwasa 2002a,b) o HF 1 ZAER A1 TR 1L, Jis HEFH 12 BE
EZFERSELH 2T, WMOTRENTH L LD, RIEED
HEGIFZEIC L VRSN T WA (Satake 2004) o F72, TNEL
Fed 29 AL 0 FEFEH) b il S IA® 72 (Crone and Lesica
2006) 0 5 OIGHOMGE b EE LR MRFIFETH 5,

EIUOMEIL, tMoOMIBIIBITL2 7 FOYAT A v TOE
IEERORHTH 5o RUIFETRREN 4 ~ 5 HOmA
i GRAA R A%, 54, Hb#) (Suzuki et al. 2005) <
ANNEEIL (RH -/ 2006) 7% &40 7 RCHGE S
HOTWD, LA L, 4~ 5 HORBESIRAHIEDO AR % -
TW5 L2 AERIIHONTE ST, MM Tl
DERFMEPERN > TWL D E 2 SN b, itk
N7z &9, HEOEMOBIND7z0121E, O R 5%
PR RO L 7 IERE R B AN LEE T H B0 S IEKm R & D
SREMHEYMICBINT 2V AT A% EZ 528, 20
EDRIN DD DTEA S

HOE ARG RDIGLAL

51 2L®IC

RIEEClE, AL VE o 134 O R BEI 7 — & O T
2EY, TFOX AT 4 TR, HERTOREE (EF) &
4 A TR~ 5 AaoRiiEiR (KEEH) 12LoTHl &k

Time schedule (phenology)
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CENTVRLIEEHEEL. LL, TOXH L THEE
SNTZR B ERDFER LR EIERIEO G TH L0 &)
AL, BREETEN & EERIICERE L TR B3 528 T
LD THEPrOOND, 29 LG RIOEBRIHEEILZ 4
e NFRONT- a0 T FEBIERTT 2 A I LROEAKR
Hybanthus prunifolius\ZTNZE OO IZFAFET 5 A%, Augspurger
(198D VERTTITHUK S 5 2 & CHRFICHIES 2 2 L2
L, ZoOWMYOBAEDGHBHTHL ZL2RLTWb,
72, Holmsgaard and Olsen (1966) & I — 1 v /X7 F DOFIfE
BT IRFMFIZ L o T D 2 LR ERTRL TS,

RETIL, BEORMOTIRGN & BT 2 W EREZ TV,
8 4 BOHEE SN AR ERPEIHIRIEO AN 2 5T B
M E D MPWGE L 72,

52 WRAE
(g fEE
AL, WA TR T o b T b S B B S B
(41°50'N, 140°43 E; 1Z #50m) A PIIC Ak & L7z 7 5 Ml £k
(#515.2m, M E5iE4%53.3cm) T20014E & 20024E 1217 - 726
A L 2 BRI L TW B DS, HN72 ) AR W20,
BHESRICEWEETHEILT A Z EDMHRS N TS (FE
1997)c L2 L, tRZHORLEDENT, TEMTOHEG
FIEE IR, BEEUE (R T2 200148 12 ETE S D75 HE AR &
NP 72Dk LT, 20024E13% { DML % 254 L T
726 29 L7220014E 20 5 20024E 12 T COBITEZEEN L, P

Cessation of shoot elongation

Flowering and budding
(late April to early May)

: k

(mid-May to late May)

Initiation of flower
primordia (late June)

: k

20
)
<~ 15+
=
2
=
2 10
=
g
< 57 —O— inside
—e— outside
O T T | T | T T |
April May June

Fig. 5-1. Comparison of nighttime temperatures inside and outside of the polyethylene bags during 21 April to 19 June, and the time schedule of

flowering and initiation of flower buds in Fagus crenata.
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FEOTFRTOER L b LT (52, 3%),
() hn:E a0 xE

4 B VA2 5 5 B ARSI 7 F OBIEDO G TH
BT EERGEET B 72012, 20014E0 4 H21H~5 H20H (Ri
F30H M), 5H21H~6 H19H (% 1:30H M), 4H21H~6
H19H (60H M) O MIINEAEL A 1T - 720 DR S
R 9 mICATE S B BIEE R A RAAT o 720 BRIEAL OFERE
&, BCER S N TR O R IEE 2 5 T L 72 o
20004 (WLELRG4E) DY 2 — b 4720 OMEEFIERIE, 75.3
£152% (P = fERZE) Th b MEACHE LY )
=5 —=%FHLT, ABMIIIERLZEHOR) 5L~
4% (90x90cm) ZHMI7ZU AR, HidEx sk L7,
TR OAOWDELR L — & — (KT FHHEPC-40) % T

100 - female
5 n=418 [] male
v 3 80
° o
2 5 n=69
s @2 60
£ 5
2= L
L E 40
o= _
£F 20 n=292
n=102
0 1 ._I 1 1 |
Cont. Early Late 60-day

30-day  30-day

Fig.5-2. Effect of the duration of the nighttime heating treatment on
the proportion of buds with female and male inflorescences
on Fagus crenata branches. Cont, untreated control; early
30-day, heating from 21 April to 20 May; late 30-day,
heating from 21 May to 19 June; 60-day; heating from 21
April to 19 June.

X5-2. BEICH T 2 IRLEBOHE S MEF L ETEFEEE

FOERICRIFTHE

*H8 ¢ MELEE, #7F30HME : 4 B21A» 5 5 B20H(C
A, #%¥308ME : 5 A21855 6 B19HICINE, 60
HE : 4 B21A 55 6 A19H(CHNR.

L L 720 SO ENROIRE1323+14C TH % (Fig.
5-1)c RV ZF L VENED 4 H21H~5 H20HB L
5 H21H~ 6 H19H &M O &L, FRAH 2> 5 3. 7kmifi
72 AMeDASHIfERII T O T — 7 12X 2 &, R o4
fiti (1979~20004F D224E M D) L) b 22N +21TH
Mole KEBRTIIR)ZF Ly EEFH L0, Kbl
POBEESEMIZOWTIZa Y PO — IV TES, HHRED YL
FUHEAREDOWT TR E 5720 SONIMOMIEE 1£95% %
R 72DIIR LT, AR ORI 13842+ 84% Td - 720
L Lah s, HRHRED X9 BMEASR L 7 OB TIZE
By A — VDR B 720, 29 LA RIZY AT 4
CTIHBE LTV RWEHIITL, ZOFERTIIHNREDE
WITERE L e h o720 B E 3 [F CAEAN OR T 3 Bl 5UE
R 2%, B30 H B L 60 H M 0 MLEETIL, 2RO
WKLo THOENTLE ST LD > T, FiR30H R,
30H [, 60H M oINimALEl % s L 72 Bc8E, 22 34K

IR, IRTHA,

BN & T IR O MERLEREE 3 ARRIZDWTC, MEfEFB &
OB 2 & H3FE0E G %, ¥ 2 — N HHERT CHEIETED
W T HHTD20024E 5 FIZEHI L 720 W 7 vEkiE, ML,
AIE30H M, 230H M, 60H M oML Z 2T, 418,
292, 69, 1023 TdH 5,

Q)7 — 2R

HIEALEE ASEAE I & AR 12 M5B R M+ 5 720,
AT T ITAADOAY AT 4 v 7 WG 241 720 LA
B, wie30H M ohniRALE, #2130 H o fnis, il
30H M & %130 H MO DL HAEH TH %o M EHOF
BIE v XL EHWTEHL L 72,

53 #R

WEAERT & HEfE 2 &0 ORIE 1, BAH TR EhE
N62.3%, 794% TH-o72 (Fig. 5 — 2)o MMM L 7241,
ERINZHEE & AR 2 ST ORGME <, w30 H M

Table.5-1. Significant test results from stepwise logistic regression models with the proportion of female

and male inflorescences as the response variable and the heating treatments as explanatory

variables.

F5-1. WIEF EHEFOEEEE BNEY, MBREZHATRET I ATV TI/ANOOT R

T4 v VBRI ORER

Odds ratio

Response variable  Explanatory variable 1’ (95% CI) P
e g‘lrlly\sroiif‘;g {f;;d 15419 0.072 (0.047-0.109)  <0.0001
(Lzaf ehjgyd;‘g fj;gd 1960 0.327 (0.200-0.536)  <0.0001
ffﬁfrescences fzalr IX ;roifz"‘g {f;;‘)’d 25800  0.039 (0.026-0.058) <0. 0001
Late 30-day period 2242 0.322 (0.202-0.515)  <0.0001

(21 May-19 June)
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DORLBLTIE12.5% £14.0%, #%1:30H [ DML T1234.8% & — FAMH N E 5 72 (Greenwood et al. 1991; Yoshino 2000) (2
56.5%, 60H FDMLILTIZ1.0% £ 1.0% TH - 72, FHETHEENDL, 22T, 7FTHIFEGLDOEZEE A,

MEFEF I B AT Yy T4 ZADu Y AT 4 v 7 [R5 DS Y 2 — MEREILOWHIZH 2 EMET S &£, ZOk
T, 220 OM T ZEH S HAAE N (Table 5 — 1)o HiF W4T 5 APEEEZ bbb, BERb, 7T

30H H oL (x 2 =154.19, P<0.0001) &, %F30H DOFZERIT 4 H M~ 5 H B, ¥ a— b OfEERRE
M OMEALEE (x *=19.69, P<0.0001) TH5b, LH»L, |l X5 Hha ~THETHAH 5 THAH (A1l 1979; Tomita
30 H M O IEALEL D 4 v A (0.07, 95%EHHIX 1 =0.05— and Seiwa 2004; Fig. 5 — 1)o Z O F 72, REEROMER
0.11) &, #:30H oM D + v Xt (0.33, 95%154H EL—HLTHBY, BHFEMEDEZD Y 2 — F ORI
X =020-054) &0 DIEFINE o720 T ORERIE, M THETH T ExilRE LTz,
BR300 H B oM ALEE X 1 & Fi230 H B o i s WETEE & BEAE R LN & - T U8R % Z 1 Tz
VA ZITTVA I ERR LTV, A, U, MRS oMy L CRURSEE AR E L
=i, RIS AAT Y T4 AOB T AT 14 v 7l TWb I ExRRLTWz, 29 LR L IEIER OSSR
JRAHTC D, B30 H B o ANEALEL (4 2 =258.00, P < 0.0001) SAEOFET, FEFSL E HHICER L TwD EEND,
&, B30 H Mo (4 2 =2242, P<0.0001) ® 2> < vIE, VAR, ruNg, b/ FEL SO oS
DOMSTZEEHSE T IVIZHAA T L7 (Table 5 — 1)o Fi-30 BB (Owens 1995) %2, NV / F|, N/ F)|, a2+ I8
H B oML B o F - X 130.04 (95% 12 #8 X [#] = 0.03 - 7 & DAL DIRHE (Merkle et al. 1980; Caesar and Macdonald
0.06) TH Y, %130H HMOMBLELD F v X 11320.32 (95% 1984; Yoshino 2000) Tl&, MEAEFIEIHEALT & 0 b ENTHHL
EHEXM =020-052) Th o720 ZORERIE, HETD £72 THIENWESNTEY, ZLTIOI LN, BFEHMED

HiF30 H M O IZ 58\ 588 2 21T b 2 E 2R LT, BRI C R 5 2L DRI E>Twh EEz bR
TWwao LAL, 77 TIREEER & LR O L2 2T

54 Z%& Wk 2720 (3 1983; = F - db.1 1983), SISk
REBROMRIL, FERTHERO S IR A7 DfEF BIROGCHEHFER CEWAE L 2w EZ o s, EE 7
SALERIHT 5 L v, ARENE 45 2FEL T MTIIMEAE R S AR B F I A8 L TB ) (H
720 WL ODOREYTIE, AEF LI ORI AE A R & 2005), MEAER & HEFER 3 L DIl LRSS 2a-E LTw
EWHEZEOZ LS5 TE Y (Forcella 1981; Ashton et HZEmBMIRBLTWAS, T2, 29 Lz e b7 a+x
al. 1988; Norton and Kelly 1988; Numata et al. 2003), fKiftiZ & ANk, WEFERE & HEAER & R S8 5 2 & Tk ah s Ly
S THFFADHFEINDL EEZONT WS, FlzIE, HH BN E R LTV AR L E X b D,
T VT OM T & NIRRT SN D —FRARBSIL, K FAEPREIL, BAIEZ T SR TG ORRO AN %
DA% > T b Z & (Ashton et al. 1988; Numata et 5T % (Kelly and Sork 2002)s L% L, Z€O&KN %%
al. 2003), 104FI2 1 ~3MKE#EFET 2T A DO VIE RENTZDONIZONTIE, FEAEDR> TR, RIF3E
Pinus edulisTlE, SA#bH ) 756 9 ARIOOKiRE AL T DFERTIE, TFOIFFDPEFEOMRIEIZ L > TH R S
WHZENPHE SN TV, AT, V) ¥ TR T O NTWBILERLEED, METHETHW L OhO/TIE,
EBCIE, 7RISR AL ORI & o THPH] S MEDOEDPHIEDEHTH LI EHFALNLT WD
5% &L TwA (Tukey 1956; Tromp 1980; #3127 1983; £ (Piovesan and Adams 2001). [FEAEIZ~ VIEOHTY, P edulis
W5 1990) 0 L7225-> T, fllZi, Sl & - CTie3fat AR 12 SIS L T v % (Forcella 1981) @ 12k} L C, P.
AP S AL, RIS & o TIEFEATHE S NS L 7' 2t ponderosald ERIZ S LT 5 (Maguire 1956) 7 &, &K
ANHHET D EEZ BN, B L > TR > TWwD, 29 L2ERIE, GHOMEEIE

WETESF 1, #2230 H B OB & 0 b B30 H [ o i RPN T NI EER LTS, —F, WEHTY
ALER ISR\ A 21T Tz 2, 13O 7 OFIAE T ORI T F NIRRT, BREEECRLT 5% < O

B RREME OBBREMIT L7oRE (845 b —%L 2%, [ UAK%EEIN L TWw b (Ashton et al. 1988; Numata et
TWwieo bbb 7 FOIEFbDRZRNIE, 4H21H~ 5 al. 2003; Sakai et al. 2006) o L 727> C, FAEOARITEF H#L
H20HEIZH D L EZ HNE, O ) IACFEHLHHIFA DBEFNAR L TV A TTREENEZ 5N D, E v A— V&R
ORI L T b 2 8k, IRV v & ln/fE3Eat I2H B HATIE, F—0 v/ SRERLILT X)) I REIZHA~

OB AR RER I & - THED2 D 5T\ % (Junttila MBS 52 2 131E & A &%\ (Piovesan and Adams
and Jensen 1988; 4~ - /711 2000; Yoshino 2000) o W DA Dl 2001) o ZD7-0, HRD 7 FI3FEORDL ) &K L L T
WSS LM T, B Lo R EINE, BAZERTR lEEALZODPS LN, BIFETHBRRZZL 912, JbifkE
Y a— b DOE (Owens and Colangeli 1989), ¥ = DA O M T D G RARIREIR TH H Z L 2 XFFL T
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V72 (Suzuki et al. 2005; ZH - /N 2006). b LA B &
TS ORI GRIIET TR > TV AR H L, <
AT A4 Y 7IBT L EHOBIE, EF OB ED
7R R IRN DU EEZ HND,

BOT REEH

A TlE, dLHEEREVEEED 7 F AT O AR A O
AT, MTEEORBBIN T — & O, B X ORRERD
FEERWHEEIC LY, TFOYAT A4 v 7 OMISNERS (Fekh
TR) LZ0Ah =X n (BEER) 22 TE,
RETHE, TNEFTHESNTELMHBELEIHLT, 7
DRATA ¥ T 5o

% ORI T, BIES L OEFAERHIZE L ELE L
AR CRMT S Z EPMbNTWE, 29 L-BXBRIE,

BEIOEWC L B LFH SN W2 b dho/ons, BIET
WFFAEES A Z B S, HLEICEPSEDL LS, T4
HOMRD %\ I T OEFZROMINI O 42055, #EIH Lo
BRVBDHDLDIZEEZ 5N TS (Norton and Kelly 1988) o
FERBERIZOWTIE, W, DI, Hadig
L, EHCE L, BEETEL R S A ORFSRBENTE
72h (Kelly 1994; HIt 1995), BPAMITZE2 & &% iV Fi &
ZAF TV L EE, AR L AR RERITH S
(Kelly and Sork 2002) o

S RNEAG & A S AL, FRERY SR T AR v
O, [ UMY CRIFFICEH L w5 2 &8 H 5 (Nilsson and
Wistljung 1987; Kelly and Sullivan 1997; Kelly et al. 2001; 2% 3
o LAL, INFE CHRBERORILOMIEL, o b
DIZEETY, ELHDWKENYAT 4 > 712 X0 5R < fF)
WTWLLORGEHE, 2L AEITONTI ah o7z,
KWEZETIE, 8% 5 20Tz Wb Z LT, IGH
O MEE AT CTE 52 & &N (5 35) . b
FARG E W EA MBI OTEEE* KT 2 kL LT,
BAAE & Ff F- RS % B TOZNENOETEHED IS
& % (Nilsson and Wistljung 1987) o AFFZECTH\ -2 B %
KHTIEEDOREN L HETH DD, OB, HIL, HAE
JEZ L OBFHSIIE T B K EROEBEIRD SN, 58
WERE L CE ) EELERDPHEETE 2, 2856, FHil
BISENOEO K S WERDHRBKROEER & L THEET
HHIENLNTOTHD, LrL, ORI~ AT 1~
TORKOFEHTH 5 [ R b7 2 AT 2385
B & &9 BIRT 22 i i 5 b O Tldkwv, 2ol
% FHNS 2 720 O FEDS, BEBORER S E TV (Kelly
and Sullivan 1997) TH %, ZDETIVIE, B OFIEEE
B CBEREROEE) 2 —EIlRo7cF F, RAEORfER
DLW & F SFICELSEHEI, Il mE
BB IOV, MRE (BMEIIE) 2589 2T % 07 % 5
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THLDTH D, AWFETIE, KFOMHIIEEMIZOWT
DX VBB EEL 20, NS 200 EEHFHLT
WIS, SGHBO< AT 4 ¥ TR TIE SIS DN 7D
FLELAGO, RHOMMNWEZE 2 M3 28I S C
Whrtwz ko,

Dk, ARGOMA R E S % BHREE L 72 2 D O 2 5
X, 7HORATA YT ORMERE LT, SARERDEL
D AMEFREMRHOIZI VLY EETH LI LRI
otz (553%). 72, HEOTFHRICBIT MK E
BERIOR E SHS, WA OFE T4 £ % [0l | BEam i 1 %
DDLDICEHRIRFEICH D Z L, TTDOYAT 4 ¥V IHHE
THEEP S OEIKEIZL 5T 726 SN HLAED TH
5 ERMOREL Tz,

RATA Y ZISHIBNERDS S 55 51X, ZOWIKEIR~
ATA YT DA AL ML EETHDIETTTH L, T
BEOM LI A v MH D% 5, [H BHEI LT KA
T4 BHPHILT 5 EEZ SN, FMTHAELEDRERIZ X 1)
v MAB B 7 B, [HIAEOFAEEI S 2 DD O I
A RELTH] BEIEILT L EEZONDL, AT A VY
OFEEFERE L THWERT 2 T2 BRERB L JRE
WIiE, CNOOREE LS EL AN =ZALTH D,

BRERGFIE, BE2ERTLILT, BHIHKET LG
BOERB ST ZEATHDEEN) LD TH S, ZNIZLDY,
[& B FIAEE KmAEET 2] L2 [HEORERICH T 5
VIO ORARELT D] Lvio/zv AT 4 Y 7D
BN EN D, EEOHGRWIIEICB T, HFARE
125 OB E LT DT, RN S AR ZhE~
EBATT AT LDVRSNTEB Y (Isagi et al. 1997; Satake and
Iwasa 2000), EXRHEFOAEROELT 2 KRE LT D720,
e 2 EIRRL T % B o TV D LIRS N T B, Ahf
3Ch, 7T OO EEIRIEORAERIIE R OEE
T TVBEZEDWENERY, BFEENH Y LFFL TV
7o (BB4%),

=77, REFEWHIL, EETAREEEIEZTELALR
BRI L o T, FIEBRHEERERZA TRV bDOTH
%o REWERIL, AL, BALE, =8, RS, TR
EOBRBETENZIEIEE T DM, JeEBAEY %8 L
THHREHOLHIIHET LR E, STSERPTYATA
CSTIERLTWS, L L, 209 bR OX 55N
& o THIdE (E3FEaMb) 25l1&RZ SN s L w)Hi% (R
SAERH) &, HVCIBKEAMER L7k R, A shie X
HZALTHBEEZS5NTWS (Kelly and Sork 2002) 1l
AL, WET7OTEEO 7S NNTFHRTIE, T vo—=a
FARE) (ENSO) 12Xk 2R GA B — AN EGRIZAR > T
WhEENDBH (BIZIE, Sakaietal. 2006), ZiixZ < O
AT L CRfET % 2 & THRMBEESR L L TR EZH
HTEXBAY Y FAHBHLDIZ, FlERIENEELZLN



TWb, AWIFETIE, 7O () e 510
A4 B TaAS 5 BHaOHERESRICE > THl SR S
NTWBEZEDVHLEDII R o72h (54, 5%F), b7
M AEZ AT 270D A N ZALTHLEEZ LN,
TIEA > CEIa KIS 5 2 & CHTHALEOHEELY T
LI EPTE, T2, BIKIEICL W EREFIEZONL L
THEOKEFAELTRRICZY), BAMALZR#TE 2, L
2o T, THIREED S OB T ELRIERICE Y0 5
72DOMBD TR L A2 E) FIFTCnwb Enwz b,
Db, KL TIETFDOTAT A4 ¥ ZIZ DWW TIRMmBERK &
EREROWEE A SHE L, 7P RE~YATA 755
DO, ZOFEMOMIA STz, ZOER, TFOYAT A
YTIE—OORELRT), ARBIRIZE > ThH26 3Nz 0
THY, BRI FHEBEOERNS ML L mHICHE L
TWLZENELSDII R 5720 YAT 4 ¥ T ORAR 72 PR
D70, ZNENOWP T AT 4 ¥ 7 OFFOHMISHIE
REZDANZALERETAHIENLELRLTHS ),

&!x

i
RO L) £ LEDITEEL, FRERFRFBEREZFIIER
e MEER I, BURIRE) S CiRE L THhE R 2w,
F7o, FERFREREFMNERIELEE, 4 A, dl
PR, MR IHMERIZICIE, RoRMEB VS nD
BoRm W2 niz, HATESOEYRT b,

b KR e ERBR SR A R I o0 W F e SR 3z 1 2
X, BEMENT, SLOEE I EFIEERICDIz o TE LD
THRE R W22z, REROH 3 WL 4 MITTFHIEAED D
IS AR E o G AR ERY; O SR EER1 S
&, AIGEAREL, IS IR (BB RFHEREZ), IR
HIG, BWSFEE, RO LFEZESE & L TRAES
Famr LI LWz nE, KER L ) FLH/E5HET
WIS DIRIE R G- 2 TV 7273072 WK b i
RAIIE R O NHESIZIZ1E, 7T oM F2RiaET 5
BHEOFEEZ L TV 2 EZOAREFIZOWT ITHURW:
AARYAN

A N RSE BRSO O R R IO R, AT
LR, REAREIAICN R, ERIEEISRICIE, K
W7e% BT 5 L TELLOBEET I o Tz L e i
TE L E LRz, B U EBAER, B
K, AEBEHAT S A, B BEEEIA, WMRHESA, &
BT S AITIAE, WRERICHL TSIz vz
AARYAN

EERMWEEE, RILGHREERE, EERTAEOC) Y
7 —, EBEHHEOC) Yy —, BEHFOLVEY -0
BRERIIZIE, ETHETOMEICE L CTEEE 2> T
ARV
JeE I MERE 0% { o 1R, FEICE, Aifges &
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Summary

Many plant species show mast seeding, intermittent and
synchronized reproduction at population level. In this study, to test
two factors for mast seeding, i.e.(1lultimate factors and (2)
proximate factors, I investigated annual fluctuation in seed crops
of Fagus crenata in south-western Hokkaido.

1. Insect seed predators at the pre-dispersal stage were
investigated at the Géertner beech forest between 2000 and 2002.
Four lepidopteran and one dipteran species were found. The
principal seed predators were two lepidopteran species, a generalist
(Venusia phasma)and a specialist (Pseudopammene fagivora) .
Predation by V. phasma was restricted to the early season after
flowering. The seedfall caused by P. fagivora started in June and
continued until November. Total levels of predation by the two
species exceeded 85% of seeds, which were aborted as a result of
insect damage.

2. To test the relative contributions of pollination efficiency and
pre-dispersal predator satiation to mast seeding in F. crenata, 1
analyzed a thirteen-year (1990-2002) time series of seed crop from
five old-growth beech forests. The negative relationship observed
between the pollination failure rate and the total seed crop in the
current year supports the pollination efficiency hypothesis. The
predator satiation hypothesis was also supported by the fact that
the predation rate showed a good fit to the ratio of successive total
seed crops, suggesting that a numerical response (starving the
predator in low seed years)operated in F. crenata. Key-factor
analysis revealed that pre-dispersal seed predation had a larger
effect on seed production per flower than did pollination
efficiency. I used a simulation model to examine how the
magnitude of fluctuation in the total seed crop would influence the
pollination failure rate, the predation rate and the viable seed rate.
The mean levels of fluctuation of total seed crops of F. crenata

were just large enough to provide maximum benefits from
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predator satiation at some sites. Mast seeding in F. crenata thus
appears to be determined by selective pressures from its seed
predators.

3. To examine the proximate factors causing mast seeding in F.
crenata, 1 analyzed a thirteen-year (1990-2002) time series data in
relation to both previous reproduction and weather conditions. In
an autocorrelation analysis I observed a significant negative
correlation in 1 -year time lags for the log-transformed total seed
crop. This indicates that internal resource dynamics are important
for mast seeding. A strong negative correlation was observed
between the total seed crop and minimum temperature from late
April to mid-May in the year preceding flowering. The critical
minimum temperature from late April to mid-May for total seed
crop at all five sites was about 1.0 °C higher than the 22-year
(1979-2000) mean of the minimum temperatures, above which
very few seeds were produced. These results show that a weather
cue triggers the cessation of reproduction in F. crenata.
Regression models that included reproduction in the previous year
and minimum temperature explained 57.8%-83.1% of the total
seed crop at the five sites. Therefore, resource dynamics and
weather cues are clearly involved in mast seeding in F. crenata.

4. T examined the effect of nighttime temperatures on flower-
bud initiation in F. crenata by enclosing fruit-bearing branches in
heated bags at night, thereby maintaining average nighttime
temperatures of approximately 2°C above the ambient
temperatures. Heating was applied at night from 21 April to 20
May (early 30-day), 21 May to 19 June(late 30-day), and 21
April to 19 June (60-day)in 2001. Female inflorescence initiation
was inhibited by the nocturnal heating in the early 30-day and late
30-day. However, nocturnal heating in the early 30-day was the
more important based on the odds ratio of the former being much
lower than that of the latter in a logistic regression model. Male
inflorescence initiation was also inhibited by nocturnal heating in
the early 30-day. I therefore conclude that flower-bud initiation in
F. crenata was controlled by nighttime temperatures between 21

April and 20 May.

Key words : Fagus crenata, mast seeding, ultimate factors,

proximate factors, weather cues



