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Clarification of factors contributing to crown dieback of
Betula maximowicziana canopy trees in deciduous broad-leaved forests
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BV, =1 v/3Tld dbies alba & Picea abies, = LT, Q. Ilex
Q. Subers £ O F T TEBRPHE SN TS (Kandler
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2004) 0 F 72, FHBRAROBFERE I AR AR T 5D
M2 OHET L TCWAZ EAHREEsnTwa (RITH S 2000,
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ZRMEOGEIER B X ZINE (S 1997) s (HH
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FIRHEINTBLT, EXIMBADANLVAET T A H
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Koike and Sakagami 1985) o

AW A LA EDBIRIZOWTIE, I A
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L BTBRICBRT 2720 Th B, 21X, BRI L 2HEE
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BV THE SN HNIEE L HESL L OBERr S, V5
A 7 YNOHIREDMR T, RO IETH B
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DWTHE 24T o
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H UONDSEERAIT 7 BT CEaRER) & OBIMRE AT L 720
Z LT, AT OBARR = BT 3 AR IS 0 522
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@&5%@%@ fEErE RO RSSE, LR BIZ X B
. RE, TERSOALRLENINE TIEfHINTEL
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W, EREZ & o ok, oBARORH)
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BIARMIEOR 4 2B, AF L oRRMORE: (138
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Z Dl 34 165 = 6.8 08 6.3 16 212 £ 58 0.7 42
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FHCHWD Z LY Th b L E 2 5N b, WIEOME %
TA570y NOTHEES, BLOEROEEEY DR TS
720, £70y ORISR AET A EEREB X UOBRIEOE
BAR (DC=Z20%) ot v Iz BE L7, $72, T



TOEFIHORL H72o TV BBIRED R (5 S#18m) @
B S L 720 > 7V AROFIIDBHIZP 1 T3L5 + 4.9
cm, P2 T 342 £57ecmTdh %,

EOWHEIIRIZTHEMOEEL /NS LT 720, %%%ﬁﬁ
WCIRNT 2 AT o 720 75 A4 J1 NGB CH ), &I
353 (FE L, 2ok JHKRIC %L&ﬁ‘%ﬁ/ﬁiéﬂ
L3 (HIE) #d 0 (BiH 1983a) . KfEfk2 5 5 MoKEIEL
B, EHREAWEL 2. 20K, V-7 FERHWTE
FEOHIIE, S SO -7 74 A7 (EESmm) %iTH
WE, Wo72TEHE T4 A2 %80C D+ —7 2T 3 HIEZ)ER
L7ef%, Wt L7z 74 A7 O ER 2% L, HAL
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ENAiE— I 2R L7z PL T, 1 3EALTNTOERE
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B
PB50 . & A B U AHNEEDOERER (DC>50%) 127 B HER,

ao - JCI”:'I“,
ar - R OBIE OMEEER (B) DR,
gﬁ@"i ZEATT A M oS R ER (GB) Off

FEIMAN O F B IR O R = 2 R L, L, FENENS %,
1 %/KETHETHDZ E%TTomi%Tw*ﬁmén@#
YA ’ET?—O

B A X, AR OBEIREE & B & TR L 7o MR

%“@ﬁ%iﬁ’%ﬁ;ﬂ?‘%f: ZOOBERR R R TR R
WZED, — ﬁmE’J Sl (one-sided competition,

Hara 1988), ¥ 7- liﬂ]fﬂﬁ R4 (asymmetric competition,
Weiner 1990, Schwinning and Weiner 1998) & F1E 41 % e %24
Thb, ZOHFMEOMNIL, HF LT 2MEEICHERET 2
P A ZOKRELMEEISORRTHY, A4 XDO/NS
flAR 2 & DB LT 72 > (Hara 1988, Weiner 1990, Schwinning
and Weiner 1998) . b 9 —21&, ZH TS RIE (two-sided
F RS AR (symmetric
competition Weiner 1990, Schwinning and Weiner 1998) & 13

BRNRTH L. ZORPNROML, BT LT
T@@m@@%&m%&% L) 26 ORHTH B K

competition, Hara 1988)

T, BFMROMKERIMEEE LT, Hara (1988) 12
Bt T - ZHAIBSFRRE AV 5,

7 F AN Y INDOGCBE HEFRIFDOBIFRIL, Yokozawa and Hara
(1992) D FFED—f\ 22 L TN 2175 720
GB =b, +b;B+b:BXIn(B)+ b;BxC(B)+ b,BXC(By),

(2)
Z ZThy by, by bs, byld/ST A —% — BiXfAAOME
(19854F) D@ iEfEcdh b, ¢ (B) £C (Bo) &, #Hh

FN—JHS IR, ARSI e R T AR TH S,

C (B) &C (By) #¥E$ A720, &£70 v b %2004 7
7y b (10mx10m) (ZZNENGE L7 771y b
DKL, 7547 NOFIESR R A b L IPE L
720 19714F £ 20034F o “F ¥ # 56 ¥ L H L1k, T e h
2T, 42m* (BEEROHR) THY, 19854ED 1 v AW
7 & B BMEAY 7Ty MAICHFETE I 2RI T

26

16
_2=82$9x+0wn@
= . @
124(P < 0.01)
- o) °© w
- 1 o)
& @9«90
T8 0 oo° 5 ©
o
P SN
@) 44 @M
i @o OO o
OW
0 200 400 600 800 1000
B (cm?2)
4—3 9FA4hNOHEOHEHERE (B) &

SEERRE (GB) &DRERFR

Wb, RTINS EoRE [c (B), ¢ (B))] & LT,
WHET LML Y770y MIEIES 2 MEEO K

Wi aat a2 vz, ¢ (B) IEMSEEO B (B)
ERUA, L EoBE b OMEEOMEEEHEEE (m®

100m ) THYH, € Bo) IV 77y NAIHEET 5T
TOMEAROEWHFE SR TH S, By lEH 771y b
WCHEY D/ MAKOBTH 5o ETFTIVERIIT I AT 1 v
7 lE LR U FEE VT To 72,

4—2—-3—-3 ZRICHTIEXOHMR
PG (Fay b)) TfEb LAY AR B O R
il L CHBMER AT Sl e nIcT 5720
LR EBEOMELTH OV AT 4 v Y WREITo 72
PB20=100/[ 1 +exp{— (co +c:TD}] , (3)
Z 2 CPB20ME, 19994FEDFALEEEIZ Y &7 A 71 NHHE F 72
FEEOFEA (DC>20%) L2 LMEETHY, THE T T v
B LB OTEERT T T A NERTH D, co &
ClI/NTA—=F —TH b, EFVERE, Fidooy 27 1
v 7l L CFREE W To72, 780y b= X DT
1, G L ofoE (R 4 X, Biks, R %
AR A EET LI LN TER WV, L, EEITD
B — R TSI AL TIT b B Z e s, 7Ty b
N—ZADIFHTIE, EBEORZEICB W TEHNLEREFEO L
Eibs

4—3 #R
HIZH A2 PB20LPB50L L7z AT 4 v 7 i€ TV
T, ST oW ETERER (GB) 2PN EERS



AeiEE RSB FE MRS Nod8

K4—5 AICHERMNELIBERETIVORERE (R?) ENTA—4—(@

b bs b bs b, R AIC
—3468 0.090* -0012 NS -0.014* 0.09 1091
(2.466) (0.044) (0.006) (0.006)

bo : U1,

by EEOHE O S ETHRE (B) OREL,
b BXIn (B) OR%,

bs - —HMFEFEE [BXxC (B)] OREL,
by - ZHMNESE [BXxC (Bo)] OF%,
bs P EROKE (BXC) DREL

FEIMAN QLA SRR OIFAERE TR L, “135 %KETHETH S Z L 2RT . NSIFETIVIZHER SN

PolzZ L EIRT,

10
1 —— C@By =0.05
81 —— C(Bo) =0.15
i 6: — — C(Bo) =0.25
% —C(Bo) =0.35
E
m 4
U -
2,
0 T T T T T
0 200 400 600 800 1000
B (cm?2)
4—4 EB3>3ZHENFESDE [C (B)] DHETFHE

Shi-fEOBESKERE (B) LHSHEERER
£ (GB) &Rk

GBOFHMEILEIR S NABRET N (4 - 5) ORMAEE
O‘(%’iﬁj [/7:0

£4—6 BERLBRICETZ2I414HNOREEE (N,
Total) EZRADEGEE (N, DC>20%), &
U1985~19874EIC B 2 =HEEERE (GB,

T IEHERE)
JLFR N(Total) N(DC>20%)  GB (cm®yr ')
I A% 69 25 (36.2) 2.16 * 313
FHEER K 66 5(76) 295 * 276
R AR 50 13 (26.0) 317 * 323
5 AR 32 9 (28.1) 483 * 3.36

DCOEFITFE 4 -3, FIEM2 - 2 221,

27

N7 (4 - 4), WEIBY KON ENTEE (B) (13
RENLE D o720 BIRENZET VOB E HVT, GBIZK
T HEBROFEAMS (PB) ZFHH L4 - 21TR L7z, AT
W (1985~1987) 12BF HGBAT0 d & &, PB20 & PB50IE
ZNEN30%, 12%THY (M4 -2), TNHOMHEIIGBD
55 | Rl N S B

BSE T IWVIZEINE N o 728 L, BEGBHOZHE I
BEIC L 2D DO TIE R o7 BEGBE ORIZIZIED
HRDOLENL DD (R=0.255P<001; X4 - 3), IE5DX
MR E L, F72, BEGBEEO/2ET IV (full model)
DOVIFIZ1I0LL T TH -7 (PB20 : 1.04, PB50 : 1.01),

FeATHIM (1985~87) DGBA T 270 DE TV (HE
E7I)V) TiEBE [BxIn (B)] 23&Fhs (84-5). B
& [Bxln B)] ofpHITZENENIE, BHOETHY, 20
ZLiE, BAVRE W E EGBAEMMIITIEML, BOKEL %
L EGBIZEHITBIZ R AT HMENRY -l hbl %
ALTWAE (M4 -4),

J§ g TV TR S N2 ZE B E I g R [B
XC (By)] ThY), “ORBIADMETH-7- (F4-5),
DOFD, RERICHERTL2TXToOME RALY LB
K& AR &N & ABR) 0 & OBEF R OHANAGB % KT
SELZLEERL TS, BIEINBOHIHIZEBIT HGB
OFHERC (By) ®DA4ODLNVTEHEL, M4 - 4137
L7720 GBOTMIEEIREN-BEET VOB (4 -5)
LR MBEESF RO 4 o0 L~V [C (By) =0.05, 0.15,
0.25, 0.35] # VT r-72. GBIZC (By) OHIME & b1
KT L7z,

Bl ¥4 7 NggBRA (DC>20%) OFRFE
&, PB20D Pl LML 728y — > 2w L7z (M4 —5),
2F ), FERARKOARHEILRIIC (By) OBEfIE & HIZAEL
Y, BOWANE LB IZHTNIHI L 545 2D
BRI AC (By) ORHIL, A ZD/NERfiE (S
%B% b OMK) 1IZANT, A XK E MK (K& 2B
bofifk) TRED o720



IR E MR e s Nod8
R4—T7 54D NPEEK (DC>20 %) &% 2MEREMEKE DORER
(BT AT 1 v 7 0RETFTIVOMHFET. AICHTR/AINDETIVIZBIT B35 A — 7 fE)

Cy C AIC

595 R iR i
-0671* —-1.830* -0.301 -0.267 2284

(0.254) (0.531) (0.405) (0.469)

Co - @JH‘,

¢, MRDBREE (TI) D720 DFRHEL
FEIMA O FE IR OB AR L, ¥

40 40
O 0<CBy <0.15
i A 0.15<C(B) <0.3
301 O 0.3 < C(Bo ~30 it
- g
EZ 20 20 ;
o &
. &
————— C(Bo) =0.05 M
10 C(Bo) =0.15 10 <=
- === C(By=0.25 =
) C(Bo) =0.35
G T T T T T T T 0
0 200 400 600 800
B (cm?)

X4—-5 HEOMEKEE (B) (CXd 3RRER (PB20)
OFHfE BLUH - EEOFREK (DC>20%)
DEYIERDBREE

PB201 N S M- RO £ 7 & TERERE TV (F4
—4,4-5) v, 400 LX)V ISR [C(By)
= 0.05, 0.15, 0.25, 0.35] I22WTC, ZNENFEEIT-7.
TRAROARKILEL, 19854 DA T — ¥ & H TRk
9OD 7 T A ITEIE R T o720 2% 0, k% 3 oDH]
EE R 2 9 A2 (B=108—268, 268—428, and = 428)
L 300G RIFD 2 5 A [(C (By) =0 -0.15, 0.15-0.3,
and > 0.3)] 12& ) 7 a R4EETL, 9207 T A T L IZeflR
Bioord 53R A (DC>20%) OARBIHREEFHE L2,

YA J NOFING S AR R Mo & & b
WML (24 - 6), FHRAK (DC>20%) OARILHFIZE
BtIX Cib K& o7z (362 %, %4 —-6)

Ty hR= ATl 54 5 3O FEES (PB20,
DC >20%) OFNTTIE, MEOBELZRT 77T A V%
¥ (TD 2&0LETIUANERSINS (F4 - 7). TIORKIE
BAOMETHY, EERAPBOXE T ST L2R LT,
WAL/ 3 DOMGOFRTIX, 7545 Y NFEBRAD
AEICERIZEE oMK Tb Iz 70y b TROEr - 7
(F4-6 4-7)5

28

135 BKETHETHSZ EZRT .

4—4 EE
OJ A7 4 v 7 a0, SirHm (1985~1987) @
B R EDMEA o 7RI ERMERDPE 25 T ERIRLT
Wiz ([4 -2, #£4-4), EROKRTIISA-DOA L
’iof%f:%éﬂf:k{ﬁribf:(‘: &, UHATVINOE
R B s PR, ERMICA ML AL o TEEEE LT
mt;&uéaongti A bV ADFLRDFEETH
% #W (predisposing factor) & L CHERE L 722 & 2 IRIE L C
V5o ARG (2000) (EMEMT O 5 A Jr N2k %
SRR IR 2 TV, REIIC b7z - CERROERLE
PETLTCWAZ 2L L. S HOKED BERD
FAERIZEATL TR o Tzl b2 Ho» LAz L &
12, AT OB RS & FERMER L ORRZ ERIIR L
c (4 -4, 4 - 2) FBROFEAEITKT 5 EROHFAEIE
7 A)AIZHEF T L ELEILTEM TH 5 Acer saccharum
(Kolb and McCormick 1993, Duchesne et al. 2003) X°Populus
tremuloides (Hogg et al. 2002) 2BV THHEE N TE 72,
A AT o 72 KRR TUE, EREROENZ 7253 GBD
BT 25, FBDRETLI0E T ERIrHRO LN (K4 -
2)e SO L, ATERDA N L AN D7 L BI04,

TE AT NI Tl R R LT WA, RIS
(2000) &, EAOMOHIKIZBITE T 51 5 2 NZBWT,

FIRDFELNEATT HRIA0FERT 2 5, HEE DR VIKEED
OENTZEEREL TS, £/ I FFITBIT BAcer
saccharumDFERIZ BT 2 WIFETlE, Zl 23549 5 354FE i A
LEEREORTAREO LN EAHESI LTS
(Duchesne et al. 2003) .

T AT YNDREE TIVIZRET 2 AR O =
G EAGBOE T IZHEL TV 2 E2RLTWD (4 -
5)o 72, UV AT 4 v 7 I X BRERE, SBATHIRIC
BUBREEDSY 4 N OFEREREME 52 L %
RL7: (24 - 4), COZOORKREIL, AR Ime
BRRRPEERORTE2O 726 L, 7547 Y NOFRE
BEWMS /I LEE2RLTWD, DF D, AT Z R
DFGNED, TFA N NOFRIHEL T2 L0
Sk otz AN INOFBRESRIZEES B KR 5
FOEEMEL, BTN L OFIMHEE B S NIRAROR



BItEE W ORENAZ (X4 - 5) o BEARMBES B RO
RIS L CRIMICD72 o THETHAMNLATH S
(Bazzaz 1996) . i 2 £, Lussier etal. (2002) 1, 3% iE
T 5 EBHAOKIEAE L 72 Picea marianafk % T L, TNEZ O

RN EEOMGF TREP o7z L2 MELTWE, 2F D,

SROERREF S TR & L TREEOE 2T S8, 20k
OFR (BRIZLZNE) 1IS8§2Ezmensg/ -2k
RIEL TWh,

UY AT 4 v 7 BFIC L HHER T, FRMESRICEET 5
TR E LT, WEOMEOWEITTHE (B) 25#IRS N ah
o7z (F4d-4). CORFRIT, B2HEOZKMKERFKTH
D O(E2-4), IEAD Y NOEREOIEEET A R
KIEL T ol ERRLTVD, ZOFERDIEHE Y
— i, B SN R EES R (K4 - 5) LML
T2 EEZLNL, ZHANBESHETIE, dhed
LA, BT 5 TN CoMMk (R & 2k L /NS el
) oBINL, 2F0, Y4 ADOKE BRI HEHET
/NS R OREEHRIRT 25—, A XD/NS B fiifkd
K& MEMEOKE% H B35 % (Hara 1988, Weiner 1990,
Schwinning and Weiner 1998) . Z® 728, fAfkH 4 X5k &
TYA T NT Y, ZHHESFRIROEE L 2T T
7RI, B ERENMET L (84 -5 K4-4), FE
BICE 72 b 0 LHEREND [THINWEHSRREIZOVTO
SO EEIIBETETIT) e DF Y kA A4 XD
ks, LDICHEBR LRI b, —HIMESRIE (A
ADKE R MEED 5/ S SR D AANDFEE) A 7R IRAE
E L7 E, A XORE AL, /NS 2o
WEEZHIR BE) 2720, BRIINSHRTA X720
TR U CHET 2 2 e TPHEEN L,

FIRE N2 BT IR o CTFMl L7z 5B fERIT (K 4 -4, 4
=5, M4 -5), EEREHES (ZHMNBESRRIR) &Y
BIEWEoTHEBROIE) A2 KT ESRLIENTED
CEEREIRL T, MBS LRSS, 2 L, — MK
M2 MRS L > CTHRECTH 5o THEEAT o 2 RMTIE,
T A H 2 NELRAR (DC>20%) OAFIL A H M55 %)
R [Cc By)] oEPIZELRWVETLTWA (4 -5),
F72, Jov PHoOREIE (4 -6, 4-7), H&IME
WimR R E R A NS¢, HRERAE TS L 2R L
THY, BHEAEROEN - MBS 2623 Th 5
Z EDHEDD BTz R RN b7z o TR
LAMLVATHY, T/, BEMERHEOKRIEESLCH L ViZkE
nEOFERETFUT LI LRHELV, D7D, YF5A N
INZIRMITRE T 2 BfRIE, BMFEEOMIEREA H1TH) 2 &
HEFE L,

4—5 F&o
Y A NOFER DAL S LT GBI 12, /B

29

AeiEE RSB FE MRS Nod8

ATy 2 ABR R O R (SR MNERERIR) 257 54 9 v
NOJTEWTHERER 2T ST, 2L T, 7N
BT AEEEEY ¥ A H v NOEBHERLZ & T\,
COZODFERIL, MR OBFIRESREROINT 23 L
TOTA N NOEBWEREZB NS -2 2RLTHBD,
JRTH 7 B OBEF RN RS, KRE LTI 5 AT 23Dk
NEETEE, TR WEOBOMINTHY) DIEEIZHES
LTz,

BOT TFA A Y NOFGRRER QBRI R &
Mz DTl

5—1 (FU&IC

TR OBFRR (AR RR) PERELTY S
AN NDOERBRELINT S, FRA (B M
T o) L AMEREEINS S L ER L (B4
B)o TNOLOERRKRY, 4%, HEHTLION, ZhédbE
BHE HITHEATL, WIEIZELONICOWTIE, ZhETH
LI ENTI o,

BT 2B RO BEEECHIERZHET 5 2 L1,
BEFEA P VAR LU0 2B L 720, RIS 2 3l
L7205 72040 K T A (Franklin et al. 1987, Kobe and
Coates 1997). F 7z, ZNHOHEEIL, @Y LMEE*TTH L
TOHOEETH D, FI2IE P REEY 27 2128 - Tt
EDTHON TV DL HMTIE, MRERAME LMK T R E R %8
TNEET LLEN DL, 2F D, BWARPROMKEEDH 2\
FEEREE CTIEFICKET 200, F2E3MEICESL DD,
ZHIMT L 2 AU B v, MREERN I, SLAROETEOIR
B L2 INO OB AT 2%, IEMEZ LR m R
OFHNE, BRAREIET 57200 W 2179 L THE MG
e D (NS 1988, Roy et al. 2006, Ohno et al. 2009) .

BAROZER BHEOHKOMNTAY ) IAOFHEIOKT %
IR ZEIRTH ), T ORDOEFERE R ERR & BB
23 % (Manion 1991), D78, FRAKROME - #i7E% Tl
35 LT, ZROEE (DC) #E T 5 2 LIZEETH 5 (Gross
1991, Dobbertin and Brang 2001, Roy et al. 2006, Tominaga et al.
2008, Ohno et al. 2009), 72, DCEEZENER, B LUK
KL OREZERNICHL 2T 22 L1, EREAROFET
BT AT ONZRIRITRET B FEFEEAN IC BT H EH R
ERAE DL, MEAREZEET 720 OHBI RN L THE
TIERERMET2bDLEZ L, 22T, EBADPFLET S
AT IONZRMR R RRIZ, BRI L 72RO RO
R & AIEER & AT L 72

T FA T YNDN R EATERONTIE, BRI ES
b EEZONDLERMOER L BHEDIT TIT o 72, BIAROMMAE
BT A — % — 1%, L1 X (Hamilton 1986) CRATAY 7%
[ERENIER (Hara 1988, Kubota and Hara 1995, Kikuzawa and
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Umeki 1996, Umeki 2001, 2002, Masaki et al. 2006, Ohno et al.
2010), B DIRTE (Gross 1991, Dobbertin and Brang 2001, Roy
et al. 2006, Ohno et al. 2009) 7 L4 22 R IZ L o> CTHE S
%o RETOMNTTIE, & AEFRMBEF O IMEICER L
2o Thbb, BEFOHIMMEDOREIZ X - TS LT
WL EBROMEEA ST 5 2 L DS TE Do — HIAE SRR
(one-sided competition, Hara 1988), F 7213 JERFFRITIHE 550 2
(asymmetric competition, Weiner 1990, Schwinning and Weiner
1998) 1F, WG &I HMAEICHERES 20 4 XDKZ ik
PHDORFETH Y, A XD/ BAMEED D OELZ T
7 \» (Hara 1988, Weiner 1990, Schwinning and Weiner 1998) o
W EHOBE (FI2IE, o) 2O CHHHTIE, ERER
IR (—510) 127 H) 297> (Weiner 1990, Schwinning
and Weiner 1998) . /5 M AU G 5h . (two-sided competition,
Hara 1988), F 7213 FRA9Bi 52 £ (symmetric competition,
Weiner 1990, Schwinning and Weiner 1998) (£ 3 2 3 _XCTo®
MRS DORRTH Y, HTFEHOER (B 2 13K5°2257)
%0 < DwEE, W (ZH1) 1272 ) 297\ (Weiner 1990,
Schwinning and Weiner 1998) . ARE T, #HO MMz R
FHFEE LT, Hara (1988) 126t~ T—Jlfy - 7
SRR E D,

RIFFEClE, B A4 X, BT 2855, DC% 3%
BET2I54 70 NOE - fEETVEMET L, 20
FERE D LITTEMICBI B ERMBEF O X = X L% EE
L, ERBKROHELET LT 54 5 VN /RKIZ B A Bk
ZPRT B0

5—2 FHEMETE
A e HAEEIFEATER L TH S,

5—2—1 M@irh&
BABRTHWIHE R OY 54 7 v Nk O R 7
— & D5, 19994 L 20034 D & ¥ AT — & & v TR
iro7z (Fed4 - 1), E4TERBIZ, %470y b OfEE
F—rEF O, NIV, N TIZ1999FE D+ o X
FRZAETE L T 7221 7f81K (DBH>12cm) DY ¥4 1 v\ %
e L (5 - 1), KMk 44EH (1999-2003) Ol
e T TR R R & A AE R % AT L 726

5—2—1—1 HKREFI

A T VSO EANTIX, Yokozawa and Hara (1992) @
WEO—MERELEL, 7547 v NOFEEORE (DC) %
HMARATZETIVE LT,

GB=a, +a,B+a:f(B) +a;BXC(B)+a,BxC(B,)+

asBXDC +asDC, (1)

Z ZTCao, an, 4, as, ai, 85 agli/ST7 XA —¥—Tdhb, GB

EHE TR S E R (em® 1), BIMEMKOHIE (19994)

30

x£5—1 EERTHOIEAHLNZRRIZE T ZFRRE
EROEGFE (N), AKEEEWEER (DBH;
TH+SD)
RO E N (£) DBH (cm)
4 (DC=0%) 32(14.7) 235+4.3
B (DC=1-20 %) 133(61.3) 235+44
HE (DC=21-50%) 35(16.1) 234+39
HEE (DC=51-99 %) 170 79) 214+39
&t 217(100) 233+44

DCIFR (BHEHOBOMN T2 ) ) OIEE 2R THRN T
DRERTHD (M2 - 2%2M),

TN OBAIEARRE S (%) 27T,

ORI HIERE (cm?®) THA. C (B) £C Bo)xZ 2111999
FIZBIT 2 —FIAIFESNR, ZHRFESNR L R TER
T, HAFELEFEMIZ, &70y RO 7 7oy b (10
mx10m) (25F LT, JRMEIH T SC (B) £C (By)
rPE L7 C (B) I ERNGEAOBE R LA, €l EoB%E
b oA A O EEHESET (m? 100m™?) TH Y, C (By)
T Tay RSS9 COMAE R fi = T A A
FCHB. DCORFIZMMAEH 1 12 & > THEZ LRV S
%72%, DCEMIEBE OICHAEH % & T IVISHAAATLZ,
Yokozawa and Hara (1992) HHE L 7z AN, 5K
1D 2N, w"Th b, L2L, axw"x HW7IEEET
WA T, XT A= —mzx B TE Lo/ ZDT
W, f (B) ©72H® 450 H (BxIn (B) ,B, B, B') %
HWT, ZNZNOBEMEHAAATZET IV (4 OOFEHE
TN) RREEL, ZOHRPLREETVERIRL, REE
IRt g R SR E (AIC) 2 HV, AICSHR/N &
% BHETIVEERL 7 (Akaike 1973, Crawley 2005) o

T

5—2—1—2 TEA4HhLNOWHIEE

T &A1 2 ND 4 AR (1999 - 20034F) 12 B1F B REFES (M,
%) B LEREZWHSAICT A720, OV AT 4 v 7
JExiT o7,

M=100/[1+expi—(co+ciB+c.C(B) +c;C(By) +

¢ (DC) +¢sBx (DC))I T, (2)

22T, €, € C Ci C5 INTA=F—=THb, /87
A =¥ —OHIEITRTEEZ Vv, 7V OERIL R &
FERkDFEE W TIT o720 T RTOMNTIEHE S r— 2
R (version 2.6.1) %\ CT1r- 72

5—3 #BR
5—-3—1 EfNRER

HE ok (B) 7 7 Ao W&k ER (GB)
AR (BN T2 ) O 2R TETEN O LR DC) FI
RS (F5 - 1) DCAMtE4:, B, TEOMETIE, &
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£5—2 AICPRMNELIBREETIVORER (R?) ENTA—4{E

R AIC ao a) a as as as as
(%) x 1071 x 10 ?
436* 1204 -5159 0037 -0.146* 0.023 -0024*  —0027* NS
(22x107) (1454)  (39x10°°) (62x107%) (1.3x107*) (80x10"*) (41x10°)
a, - Yh,
a: - IWESITERE (B) OFREL
ax @ B'ORE,

C—TII MR B x C (B)] DR,
CTEMBES R (B x C (Bo)] ORRE,

- DCOREL

CHHEBEERORE (DC) OXHEAMEHORE,

FEIMA OBAIIARE OB E 2R L, “13 5 %/KETHEZR T,

NSIEETNIZEEFN Lo/l %R T o

20
16
-EH' 12
E
)
o 8
&
4,
O T T T
0 200 400 600 800 1000
HE B (cmd)
5—1 9484 Ah>NOEREEHNDOHE DS EE

(B) tHsWEERREE (GB) &MDERF
BEOHORNTH Y OREZRTIHEEIX, BENICB
LIEORIER (DC) 12XV XL, 4 (DC=0%), B
(DC=1-20%), Y (DC=21-50%), & (DC=51-
9%) THLH (M2 - 2%&M),

FIYGBIZ105 em MR ICX 9 L7 8 DDOHIEBY 7 AT &1
HHL72,

R5—3 ZEREERNDYHA I NDEFEARERERDEK

B EMBEE
TR DORRE AR AE HIEE (%)
4 (DC=0%) 32 0 0
) (DC=1-20%) 132 1 08
HEE (DC=21-50%) 33 2 5.7
#HJE (DC=51-99%) 11 6 35.3
il 208 9 41

31

LRELHEBD Y 5 A%KBWT, HEB KE ZEKIZE
RN L 720 EEOFBAOGBIZIAE Y 1 X12H%
%, FERINE o7z (K 2em® 1), W UBYZ 9 ANT
X, KRE%ZDC% b OEKIZEGBIIETLTHEY, flteko
GBI b K&K, BEOERKRDGBI KL /NS o7,
ML EDO—>TH HF (B) (ZHIE O & Wit o 4 5
B 2YUTEDE &, WEETFIVOAICIER I o7,
COETIVTHEIRENFHZ L, BEB, BEDCE DK
HAEM [B x (DO)], —AHmM#HS#IE [BXxC B)], =K
ABES A E [BXC (Bo)] THo7z (5 - 2). BOBREK
WFIEDOETH Y, B'ORKIZADMETH 72, TDT LI,
BIEBAS/N S v & IGBIZEMAMIZIINT 55 (5~ 1),
HIEB K& %L, GBIZEITHIZZRY, L THA TS
INY — U EIRL TS, BXC(B)) DRFITHEDMETH 572,
DF N, GBS D AMEARA & O RS RIC L 5
TETLTW/AZERRLTWD, BX C (B) ORHUIIE
DETH Y, BT 204 XDKE 22 & o BRI
BRI drolzl ERRLT0WD, MEETFTIVCIIHEBE
DCEDZHMER [B x (DC)] & ENTBY, BEIHT
LZHEBEORRIIMEBIKAF L TV EERLTWA
(5 -1)s Bx (DC) DREUIEDMTH ), FREDHE
JEPREL AL EBICGBAMK T T AT LERLTWS,

5—3—2 #3EE

19994F 20 5 20034E DO RIS, BIGMEAE (2174 D4.1% H35E
L7 (E5-3) WA N YNOMIEEIIDCH TAE L
HpoTBY, WEROMILEN 0% THo72DIZxL, &
JEDFBARTIE35.3% DIAAFEL L Tz, BB L O
JEOFBEAROMILHEIE, FNEN08%, 57%TH -7,

OY A7 4 v 7§l & o TH S NABEE TV T, DC
EZRMAEESENE [C (Bo)] AERE Nz (85 - 4),
T YA NOEFRIRIL (AT - f3E) &C (Bo) & OBIfR
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JEIZDOWTIER 2 - 2 2B,

IRE (D) TR (W5 - 2), F7z, HHIZIZC (B
o) T BRI TR S R L 720 ZOTFUMHIE, #
SNTHIEETNDOINT A—%— (K5 -4) ZHOTEHH
L7

4R EIREDOTHEARTIZ, € (By) 2hhboTI 44
W Y NORIERILIEF AR o7 (05— 2a,b)o TEDEE
BARTIE, HIEERHC (By) OBANZE D %> TR IZH
mL7z (M5 - 2¢)e EEDFHEARTIE, MILEIC (B,)
DI L b %> TAPIHML, C (Bo) 7250.26% Mz 72
L&, MIEENS0%IET L ENTHEN (R5 - 24d),
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5—4—1 BRICHTIHAET (X, BFEGRESE, =RE
DEE

T A G O ETHAE R R R (GB) 121%, HIE oM
WimiRE (B) Lidrahf, HRE BOMN T ofE
DC) 2SHEL T/ (5 -2), MIEBIVINSWwEE, GB
AR ICBOBEIN L & HIZHINT %725, WEB K& &
5 EGBIEFEITBICR Y, Z L TRAT 587 — v 2Ry (X
5—1)o GBIZDCE L W HMHHF R ROMEMIC L b 7
WK L7z (55 = 2) G AIRICHT 2562w Cidfi
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R5—4 IHEAHCNORERICHETIER
(Y AT 1 v 7 AJGE TV OIS AICHIR/INE 2 BETIVIZBIT 585 A — )
N HFEEE (%) AIC Co c co 3 Ci cs
217 41 50 -9073** NS NS 11.272%  0.082** NS
(2.214) (5.337) (0.012)
co: Wh,

o P WIE OGO EITHTE (B) O
c. P —HIMMFEFRR [C (B)] R
cs P ZHMMEFRIE [C (Bo)] OREL
ci P EROME (DC) DIR%

¢s - BEDCE O HAEH DR

AN OB IIARBOFERAZRL, *, “EENLENE %, 1 WKETHEEZR T, NSIZEFIVIZEE

Npolzl ExIRT,

B9 5)e GBIZK 32— HAIMHFFE [BxC (B)] &%
TIWATEIE L (P>0.05), EDHRE (as) b o Tz
(#£5-2)o ZOZ LI, BT HRELMEKOIETED Y
A ZDO/WNEBEOREIS LIEOREE G2 T2 &%
RLTWh, TOHHO—2E LT, 4 ADKE ZEED
MIRNOEEZ MW L, THEOMBELTEH L 722 L5 2
5Nb, ZOMOEHE LT, FEMTHIBIT 2 BBt
DZEMP e NG EESHE L TV L EESH 5, 20Tk
WS PICT D011, WTEOEE (TEEKS) e
AT 2 DD B .

5—4—2 HRERIIHETIER

Oy A5 4 v 7 WIESHIC L > TS RZETIVTIE, DC
MRS RS E TN TV (5 —4), ZOETFN
X, DCOBEMASY ¥ A 7 2 NORERE L BN E &5 2 & &R
LCw/z (X5 - 2). [ABEDERIE S F ¥ D Acer saccharum
THHESNTE Y, BRI D 2B OEEH340%
" Z TAERIIHEIZE D) R 3 h 5 72 (Gross 1991). 551
72HBEETIVCHL, DCEC (Bo) LDXREAEM % EO T
Vo L2rL, € (Bo) WP AL, FERE (DC)
DLNVIKEL TV LD EHEREINL, BB IN/C
(Bo) O#IPHHNTIE, K&ADCE b 2O IZC (Bo)
DMz & b o TR L7z (5 - 24d),

5—4-—3 {EFEHESE
BONTHEET IV ERIEEFVICIGE LT, R
FhH [C (Bo)] AEEnTw/ (355 -2, £5-4), %
7o, BATETRLALIIC, ZoMERTIE, s
WHA1985~19874ED ™ &' 4 F1  INDEREBFEIZ B E L T
Wiz (4 -5), oF ), KK O HARHFR R,
AW (1985~19874F, 1999~20034F) (2BIT 5™ &4 7
YNORE, FRARIGEETLIERTH oI ERIRL
TWh, SO LIE, 7540 YNOME - BFRD, BT
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LA ZDORE MEEPS 72T TR L, A4 XD/NE Al
RIS L > CHLHBEN TV LEZRLTWD, —fkICH
TEHOEE Okor - #55) 2 hEE T, mEO Ik
HSREREY (ZH7100) 12 7% 1) 3> (Weiner 1990, Schwinning and
Weiner 1998) o AT % 17> 72 kMR TIE, PUT OMRPCEEHL 2
5, EESHS L TV EE R ERIIKTH o 72 b 0 L HEE
%o BAHAIE T A EJIEHIE, dbiEO R T b Helf
TLHBO—DTHD (S - HIF1987). $74bbH, BA
DEFHIH (5 ~10H) OREKE ISR 3 5 Z838HHED E . £
7z, A IR RE ORHE EEICAE L, iR LRTw
SHWEETH D, 251, EIEOKGEFEFER IR O 5%
BB, w5 A T 2N IFEZR S B - B
B & frE D SN TS (il 1984, Koike et al. 2003) o
A TR S N2 2RISR RIL, COMGIZE
WTHEE L2 DT RWITRELNH S, ZOMTIZBIT 25
MOHETIL, 1971~19814F BT 57 4 71 2 /INDFEIEAR
NI RS> T2 Z LIS TS (FHIRS
1981, #30 5 2002)c D &1E, FEk o < B MEEEEES (—
FERBERIR) PRI L2 BN THh o722 & 2RI
LTWwahe COL)ITHDDIGEIZ L L 7% ) MEEDOELR &
B, BFOFIAEIEE A G2 722 LTINS,
BT D T 5 A 51 2 3H, BUE, KEH CBHE LW
FUTTEREL TV LT DL, BENDRENT ¥ AHK
BEROMET L LR OB R2E L 2 etk Ds @ v # T 5D
DFFNZE B 72 ) TEAOKDOHBRIE, HEE L~V DG HHE
JEZRT S (Kume at al. 2003), 8RB EmIZE O
WEEL6T, S610, HRIZELDLHIERDOWAL S H
Bk FEEEREDOMKRT %S 72563, 21X, Renaud and
Mauffette (1991) &, Acer saccharum \ZB1F B RFZAND K
I EDFROBEL QIR L2 L xR LTz, €D
O, FEEOWY EIEREEDKT & OBEN LR IL,
HWHNDRFENT ¥ AADREE LT D LHEFEIN L,
COAHZALERSPICT B720120F, EERAORAKILY
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wRMEEORFE SRR L, SORIMAENLETDH D,

5—4—4 MBERKRDEESE

EEOY F A 5 v NERAK (DC>50%) Tk, ZHMRH
FRVRDPEM YA [C (Bo)=01] TH, ZOHIERIIAM
OFREE (4, B, ) 12 TE (K5 -2), %
72, GBIZBD T/NE o7z (K5 -1) TD70, Iith
DR E RKFERICERT AL IFHL VL D L HBE b,
DOFD, ERNICEEOITEART BkoIRE L GERET R
EThb, HEOFEBRBRZMMEKT LI LI2LY, A OB
GENREDFEA S, FERE LT, FEENEEOKE R
L, WEMETTL20LEZ LN,

5—5 %&8

FRPHEAL L 72D Y &4 71 Y NOEEN ER & e
1, FOREE (RiNUT23) o) & AtEk» 5 0 =5y
BRNRIE L Cnize TNH OYET R EERE
DT EMFERDOEEIZ 726 LT, 2O ehb, &
BOHEAT L2 5 A J1 N REMICHERT 52 L3HEL <,
DR E L CTHEEMIGREST NS THE I L2 fRE LT,

BOT REEH

6—1 A4 HNOEBREER

IRRPEE MR, £
TR AR R R o E, MBS s S oIREM,
AP A P LA LR (%, S44ED 2— 1, LN
W) EOBRIZOWTHELRIT, 75 A7 v oE:R (1

TEFBE O DORIVT A ) OFAEINEET 2 ER O AT
o752 ~4%), TOMEL L LITHBOFAITK T 51
ADANLVADRIREFRG — 1ICF LD,

S OFATIE, WA ML A (LHORSOHIE, 4 25)
EAETEERIICEIZMLVWES (F38), RAMICbZS
RS (45 PERICHDLAIERE LTHRIBENT,
—77, OG- WHOFRE Y 5 A7 Y NOFERE DRI
BRI EEO DN ho72(F6 — 1), FRKIEMkE 7z
Moy L R THER L 7zdkromir o MBI L (54 %), 3%
A (2002) 1, T EA S Y ONTRMICEEE SN EHE O
Fli & TR AR DOALE (RIS A SN o2 e 28 LT
Wb, 2720, SR TR, BB - BoRELE
BLTWwAV, 4, lEREICL->THML CEGE 2T
L, TTIEL TV AIREELEETE LW Y, o
NoEDZ ExZBELHENPLETH D,

LR BN X 20 S SR O SR T 2 BTN S
S bDEZHNL, FHES (1997) 1E, LIIEHOY 7 A
B UNZEHRHRIIBWTEILERE (74 43) BESL
1000 LA EDMEEAHIE L7z 2 L 2 HMEL TWwb, LaL,
ZEFLMER R OIMEDHE 2 % DA R HATKISE L Tn
el b E N By (PES 1997), HILMERRIZL S
MEFEREZRAET L2 KN 0EEZLNE (FES
1997, Manion 1991) .

SHORETIE, BONZHEOA ML A HRIZY 5 A
N UNOFEBREOBEBEEREL &, L, A H Y
NOFRIZHEGT2WEEMEOD 2O A ML ABFET 5,
FDID, FNHDANLVAETFT A B NOFERE DR
IZOWTh, INhF ToMmG IR T 5, THEOEGN
FUADIKTIL, ¥ A A NOERIEICEE L TWBT

K6—1 IEAACNEROELEH L NEOFEREERE LTOZ FL DR
A L AOFES %ﬂiﬁ%a)gﬁ;% iié: B -
M T - HIR " RBTiE & (2000) , FFEE S (2001)

Ohno and Terazawa (2005)

AEERRICL L AE + JE 5 (1995, 1997) , KEF 5 (2004) , Ohno et al. (2008)
kMO +  Ohnoetal(200)
WOy - ms NS 6 (1993, 1999) DS (20020
EpERm NS BMES QOO

MOEBEAEMN 2 EN  TIEOFEGINT v ADHE O Kazda (1990) , Halett et al. (2006)
HToAREEE A Gross(1972) | Yasakaetal (2008)
K& - BEEY ? ST Cliretal (2008 , 5 (20000
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NS FLROFEANIN T 28NN E o 72 E K

O FHROFEANTZE L 72 RetEd m SR

A FROFEANORBIN S oz FEZ 5N DR
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AeiEE RSB FE MRS Nod8

O)=F:.¥::id)
OAR—Y 9 +EBREHE
@K FH

SRMEZEE (EPR : BKEICH Y 2&5HEE) OFHE(LICL 3RS

TR0 7 TR 0 5~ 7 AL, 8~10 A OumE LR ILE,
KRR 5~10 B2 U TRETH D, FEIELIZ/

REED D B (326 — 1), Bz, FHOMET L T 58S
MO/ TIE, FIEPOERIEA N 27 LR T AT T 4
HSHDEE AT R W LA 7 & O 4x 70 Z ORI Z AT E )2
5 (R L5 o FORTHIE ST % Acer saccharum=?
Picea abiesDFEIRIZIL, BHEAROIRTARECHELT
Wh Z e ST (BN 2001, Halett et al. 2006, St.
Clair et al. 2008)

HFOREAFFEIL, BENOEFNT v AT S8, #
TEEBDORDREINT A ZFEA S E D I LD, TNFETIZHIR
HEN TS (Gross 1972) o MDA M L ADEEL %\ WiGE,
T AT NDERIINT HRERKEOREII NS VL DL
ZEZON5H(FE6 - 1) TFA Y NOMTORENEIZH 5
EHETH Y, Tz, EEMORFAEAIETITE Y (Yasaka
etal. 2008), Z D720, KimfHdE (RifE) AERITHET
5% 561E, vFAH O RIZENN (5 ERRE) 1O
ZHIETTHD, LiL, FBINZRY ¥4 0 o RoFERITZ
NETIZHE SN TV,

HaEH A R IS BT 27 54 5 3O3R &R
R EEDOBRIZOWTIE, BED L ZHAWTHL (K6
- 1) L2 L, dbilEOEEH O/ mILTIE, LB, Kk
LIS R TOERPIME S NTEY, TOURE
L CREED S OB RAFEROMTEEESEH ST D (J
A5 2009) s KAFRIZE D %) W REROMRITHIED
FhrINT ¥ AN B 7280 (Kazda 1990, St.Clair et al. 2008)

35

Al L7z & 912, FEPETL TV A MG THIEEINLTWD
AT LRI T I ARG R & ORI OWT
Wt 2R H L1259,

6—2 UHEAACNOEETOER
AIFFEDFERN S, Dl & d SHEHDA ML A [1HEIK

SORIE (5 2%), ARMERBRICIZHMLVWEE (B33,
RHIMIZ D72 2 WEARMBES (FA4R)] 37540 VD
BICHEG 2 ENE LTSNz, ThH ORE L BEFD
WEEEEEAT, 954D NP ERICESL SO A%
TIFEEwd, ZLTC, TREDANLANRED L) IZHEE
BIZAVER L, 7547 Y NOFERZF SR L2000
TERT 5o

LI (T REPE) SHEEM (BT &, T
TEA N NOFRDHEAT LTV LIS TH B RETH S
2000, sFiE 5 2001, #1425 2002, KEF 2003, Ohno and Terazawa
2005) 0 & OO O IR IL E I HE THIL50kmBEIL TV D b
DD, TNHOHIETHE SN ¥ A7 v NO3RIE,
PIL7-EK - 7a v A2 TE LN E V. ZOHH
X, JESEMREROBAERIIZBNT, LTFoO~G0Hk
M E L 5 CVE720THD, OILBEED T TR LT %
Mk T 5 (SR - HH 1987, M6 -1), 2F 0, HAD
ABFME (5 ~107) (2B 2 MKRE T 2 28838 e (3%
FEWRE/REK S EPR) 2SRV, Q3RO U 344 1
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TRV CRETHE 5 2000, <58 5 2001, #3525 2002, Ohno and
Terazawa 2005) o @FERH A S5 LR AEREE R R AR
B, vEA N NRBLVEEEZIT TS (S 1995,

1997, g S 1997) . @FEBAROBEEREFL, BEPHEAET 2

(BERMERRARIEET ) LRI ST LTz (RRTH S

2000, %34 & 2002, Ohno et al. 2010) . ®FEE O FEA 1L E A

A RNARAF LT Zeve (55 2 3, 55 4 3, Ohno et al. 2010)0 %

D7z, HEM L EINMEERICBIT 57 54 7 v 3O3R

WML THhEEMREL, UTIZZOTa X E2ER]L 72,

(1) FEPHETEALT Z10EFER/TA S, 7 7 A 2 NOBEER
RIS HMIHESDROZELVET LT B4
Ohno et al. 2010) o /5 GHFRAY) BEFRIRTIE, B A
ADOKE BRI T /0 S 2RO E 2 HIRT 5 —
W, NS RS R E B EROBE L HIRYT % (Hara 1988,
Weiner 1990, Schwinning and Weiner 1998), 2% 1), Z 1]
BRI R OB L 5T, Beax ¥ A4 XOBEORED
KFL, FEEF A XBERZ C, REREORGER TR
RSB L 72 (BB 45,

@) FHE RO LHEERSIIRIE T EIC TR S, 354
O TR MR (07C) REL K, IMADFE R 5, 7
B DY 54 Jr o8, FHE T EOMEIZ AT, AR
FNCREREIBEA ML AIZE S5 SNTEF LTz (52
) 72, MTHOEIR Ok - #5) 2 CHHFT
\&, BEFOFEPEAKIFREY (ZH1) 127 ) 23w (Weiner
1990, Schwinning and Weiner 1998), 2 1), J2R 4 1
BB T B ¥ A7 voNg, #HEFEOEMEIZ T,
FHORGDHIR SRR TEFT L Twz e & b1 (552
), KEDHMEEMBSD, ZHEA ML AE S 5I2H
mEEzboEHEZEE LD (Ohno et al. 2009) o

@) 190FDHEIZEIEMERHSKIEEL, 954 H N
OETH L EES N7z (S 1995, 1997, FHiE S 1997)
MLWEHELZOHRO IRFARED, Eo72/ ny—LF
fi& OBRETRM S, A L2 LR
WEE (ZREE) #EFICH T AL Lot (B3®F), €
LC, ZWRBZELBEATY 2 — N OMIEFIT RZE L
Lol b DIZHARTEL, TOMIERITAEER L LI
AW EN L 72 (5 3%, Ohno et al. 2008) . = DOHFE/ %
=L, UYL N NOEBRRORHY (RO ORI
TAY) E—HL T2, EFEHOEOMITIE, 5w L
DHFED 2 — T TR, WOEAZZHIZ S KT, #
TEEBOFEDORGIT A ) AE L D LRSI D,

FHEAE IR R, YA D N L WEE L 2T
Tz ERGE L7es, #HEESICEET 5754 1 2N
3, FBEPEAETLIREETEL 22 EEZ NS,
SBAROMBUHE O E\P 1 (BHE LHB) T, 47 bk (P2,
FHA ) 1I2HART, TEEGKREME 572 (BE25), D
0, FEMEMICBITL8EA LA (- - K

36

RIMOKRT ¥ v VARR) DD, BEEHEOFERDS
HICHETLOOLMERE SN, —RICHE L2 (B
W EE) Tlk, TEOKRT Vv UAMET LT, il
WNEAREWINT 572002, L VIRWKRT > o v V& LE
& 3% (Larcher 2003), 7 CICAEFTAEEOEWEIART
&, EIRT Vv VRlEIL % & DK TJFHIR O 5
#Z82 £ ) (Zimmermann and Brown 1971, Tyree and Ewers 1991,
Ryan and Yoder 1997), @ \WALEIZEET 2 FEOKRKT v &
TIVEE LI T LRI <25 (Ul s 2003, #is - 4
2008) o ZF D728, BHAI FEBIZAEF T B 54 7 2 SO
FEROR - FET ETRVEZSEEA b L A& 2T AR <
%ho TOME FHE MO Y ¥4 H vNTlE, EEHIC
TER S N7z TIREE ORR K L TS OB W, 45 3
) QAT L, BOMN T2 A5 )3 <
%ho TOANZALTMWENICT H720121E, HZEDOK
KTy WREILar 575 v A, 7w, LA RHEE
e B ORI SIS E T 2 LEN D B,

FHA LIRS 54 H 23S, FHE T MOMMEI T,
BLWEEZZI-mREELTETE 2V, fikho 7
FHRTIE, MEOERGERESEH VI CAEERRR (7
FTAY Y FRAOLHR) BRITIICKRIEEL, TFOK
WABEZ G S L2 L mE ST 5 (B 2005) .
52 BOPEITIE, MIEOCNIIZ T T Y b (FHE A E) B
DEVHALNT, P1 (FHA LE) OFEFEIILMADK X
Wi, BEEHRE N P2 (FHEFED I2HNTH
Motz (M2 -5) SOZERKTHE, #HETEHOY 54
H VNI, FHE EEoMEET, MIEOAEOREN
KEPoZIENHRENTVDE (K K%, T,
Fhr EEClx, EIEOH 4 X HHE TR T/AE L
FEDENEVR L ENRTWITRESH LD EER 5
No, LaL, ZoEsEcid, Mzt hoigiEc
HAHLMAL BEEORE L OBIIIEL Ty, 20
7o, HEOWE L AEOREIZONVT, S 5HIFEMZAH
BHEAT) LERD 5

FBENEELBOT 5 A 5 U NOEERE S &M%
1, ERORE (DC) &, Hkfie L 72 @AM oBSR (2
FHIWHEERHE) 12 Lo TRESN Tz, MmN
HEOBEN EDCOEIMZ L b 7 ) ER OB T 2BEA IS
ERL, w540 v NEREROEREER 2T S8,
ORI E b 726 Lz,

KWZEDRERNL, 77 A o NOFEBPEWNZ 70+
AGRFETCHELIZZEEZRL TS, BIMIZH-520
A Je & B & B L 72 REK S O fI RS R
ELTC, Ay NOEREER (§57]) #ETSE,
ZOBOFER FIz1E, SEERRHICIZAE) 10832
BZMEEEDILDEEZLNL, Tz, TEAKGOHIR
W FA N NOMFZEDOY A ZEHRL, NDHINE D



b L7z SO R, BLOWAEEZHITLIAZEED
b BEEINL, 512, FBROBEIIHNT LEED
A MV A (RR:ZH MBS R, TEKF ORI, FHH:
WLVAEE) ICL2EEMRNFIZONTH, ZoRENE
BRTZEDNTE,

6—3 TREERE - BT 570 OmERII

COITIE, HABEORKEE L LI, YEodLiEEA KO
BEFTE O & THD SNTET 5 A0 v INKEM A %
Hig& L7iZEns, HBROFAL LD L) IZHE L 7207,
T/, EDXO R LICHETNIERERELEAT I, K
B OEFEICEHBTE D00, IOV TERT 5,

WA ZAT o oMy % &), BUTE, MER90~1004E125%# 4 %
YA T YN D S 1L, AREG0ME % X Ch S A E
RsFMG S 7z el 1979) 0 7 54 71 v NERAKRORE
KM, FBRSFEET ZHI0ER2HBO O, TOREK
TIREAR RS (CZAHRWRERR) ko ThznINnT
Wiz, —J, MMRITEERERZ NS, iR KT
BTV (FE45), 2OLHIZ, MKICE DA ED
R & HEREOMIMIFERIER AT L 2 EAVRSN
2o DF0, IFA T UNTERRTITbILT & 2RIMRIE, Y
AT NOEBRBMEROKTICEHBR LI L E2RL TS
(Ohno et al. 2010) o

LaL, BEFEOL &bzt w547 N
DOIERFEFEDOWFNR L TRONBHE L 2B 725 Shho
7EMTREMEATE Vo BRIR60LELL D 5 A 1 NIRRT b
N7MERBRO % <1, MEEOEEO B w2 R &
THRE L2 DIZHRTHEMLzb 00, WMOREILRE
WEDOTIE o7zl LML T D (ZHF - #ri 1986¢,
B -359R 1987, 905 2002) ZOHA & LT, [HfkiEN]
HINFTIZLIRHEINTE /2o MBS S (60
EDIE) IE L7254 7 NOBE IR A4 RIZE LD
OhY, BIERENEREFICERTEZ S (JEIH 1985) . F

72, ENE CTEMACTHER L 72720 TR ORN L3 ) 23,

BHEDFEEN IR S LT W72 m getEasmvy (I - 29R 1977,
WA - BIR1988, 1 5 2002). D7z, BRI bR,
TEEAELS T & 2% Ok, #)) OEPEMLTY
TR DOTER DML S T ie7zo, R QWA
S AU rofeb D e E 2 5 s (RIS 2008) 0
—75, HlEEr b oMM, U8 A NOTGRIERE &
0 AR B - BT B 7290 D JETH B AR E
Z O, WO IEEDO MBS A S A owF R (G;
H) &N s & & oI, EEREIONT 2 &0 R
KREL, HBERORTHPMRETE L7720 TH L, Kl (K9
304EE) DY A N YN TITb R AGEERTIE, R
etk OEFERE DI E 520 5 NI FBIA L (LE
5 1980, =#4F 1991, W45 1996, KEF5H 2008)s 2D &
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Mo, ERESSOMKIE, v EA S ORI - 8]
IR e 2 TH B LRI, KEEMAEEZHE L
HHEAM E D FELRVWbDEEbNL,

I EA N NEHEEORWEETH ), BIESh D & F
LAMERMET T4 OB 1985), F72, w5 A7 ik
M2 IR E DR CBFEDO —DTh A (/hith 1984, Koike et al.
2003)0 D728, FRMERA B - B L, KEKRZHIK
TL720I2IE, A SR FERT S & &b, #HY%s
BRI L EARMES (M e T HoEEYD <L
W) R B, e RAMRT A LDV EETH L. %
A BN (1988) &, HMD Y FA S v INTERMEE R RIZ,
PRHERE AW E T 2TV, RSB HE (o=
0.35~0.55) TOEHAS, 754 5 ¥ INOKREFEFEIZ BT
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Summary

Since the late 1990s, crown dieback of Betula maximowicziana
Regel, known as monarch birch , has been observed in 90-100-
year-old secondary forests in various parts of Hokkaido, northern
Japan. The observed phenomenon has caused serious forest
management problems because B. maximowicziana is a
commercially important tree.

To clarify the state of crown dieback in B. maximowicziana, 1
setup 2 plots (i.e., upper and lower parts of a slope) in a 90-
year-old secondary forest in the Okoppe region. The degree of
crown dieback, diameter at breast height (DBH) , and state of
physical and borer damage were investigated for B. maximowiczi-
ana in the 2 plots. I also determined leaf properties (leaf carbon
isotope composition (8°C) , nitrogen content, and leaf mass per
area) for 22 healthy trees in the plots. Logistic regression analysis
was performed to determine which parameters influence the
probability of appearance of moderate-to-severe declines in B.
maximowvicziana . The selected model included the variable (i.e.,
plot) representing differences in slope position while other
explanatory variables (i.e., DBH, physical and borer damage)
were not included. The probability of a decline in trees was higher
at the upper slope than at the lower slope. The mass-based

nitrogen content of leaf tissue was constant between the plots.
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Leaf §“C was significantly higher at the upper slope than at the
lower slope, indicating that the water use efficiency of trees was
higher at the upper slope . These results show that at the upper
slope, B. maximowvicziana grew under comparatively more water-
limited conditions than B. maximowicziana on the lower slope.
Therefore, drought stress is attributed as a cause crown dieback.
To examine mortality patterns of current-year shoots in B.
maximowicziana crowns after severe insect herbivory, the degree
of defoliation, pattern of shoot development, shoot mortality, and
leaf water relations were investigated. In June 2002, 100 current-
year long shoots growing in a B. maximowicziana plantation were
observed for defoliation and mortality. An outbreak of herbivorous
insects  (Caligula japonica and Lymantria dispar praeterea)
occurred in the stand during mid- to late June, and the monitored
shoots were defoliated to various degrees. Within 1 month of
defoliation, some of the severely defoliated shoots had produced
new leaves on short shoots that had emerged from axillary buds.
Stepwise logistic regression indicated that the probability for
current-year long shoots to produce axillary short-shoots with
leaves is closely related to the degree of defoliation. To evaluate
water relations of the leaves, pressure-volume curves were
determined for leaves that survived herbivorous insect outbreak
and for new leaves that emerged after defoliation. The water
(Wtlp) and the osmotic potential at full

potential at turgor loss

turgidity (Wmsat) were higher for new leaves than for surviving
leaves, indicating a lower ability to maintain leaf cell turgor
against leaf dehydration in new leaves. Of the 100 shoots
analyzed, 13 died after the emergence of new leaves. Stepwise
logistic regression indicated a general increase in the probability
of long shoots dying with the emergence of new leaves, as shoot
height increased. This result suggests that the combined effect of
the vulnerability of newly emerged leaves and low water
availability associated with higher shoot positions within the
crown caused shoot mortality. On the basis of my results, I
discuss possible mechanisms for mortality in severely defoliated
B. maximowicziana.

I analyzed the relationship between the probability that birch
trees would suffer from crown dieback in 1999 (crown-dieback
probability) and the basal area growth rate (GB) from a period
before the occurrence of crown dieback (1985-1987) , using a
data set of repeated measurements on 217 trees in a secondary
forest at Minamifurano. Logistic regression analysis revealed that
monarch birch had a larger crown-dieback probability when GB
was low in the preceding period. Hence, there were predisposed
stress factors that reduced GB and continued to affect trees for at
least a decade. Next, I analyzed GB in the same period in relation

to symmetrical and asymmetrical competition between trees and

46

found that GB was reduced by symmetrical competition,
suggesting that this was a predisposing factor for crown dieback.

To examine the effects of the degree of crown dieback (DC)
and competition between trees on GB and the mortality of B.
maximowicziana, 1 measured GB and the mortality of 217 trees
during a 4 -year period (1999-2003) at a secondary forest (in
Minamifurano) with serious tree damage. I analyzed growth and
mortality in relation to DC, symmetric and asymmetric
competition from neighbors, and initial tree size. Individual basal
area growth decreased with increasing DC, with increasing
symmetric (two-sided) competition, and with decreasing initial
tree size. During a 4 -year period, 4.1% of the observed trees
died. Logistic regression analysis revealed that the mortality rate
increased with increasing DC and increasing symmetric
competition. These results suggest that both growth and mortality
rates were affected by the same factors (i.e., DC and symmetric
competition) .

Based on the above-mentioned results, I discuss a possible
process of crown dieback till the occurrence of death in B.
maximowicziana and propose a thinning method to reduce the risk

of crown dieback.

Key words: Betula maximowicziana, crown dieback, predisposing

factor, inciting factor



