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Fig. 2. Subplots of the quadrat at Mt. Shimagare
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Fig. 3. Structure of wave-regenerated stands at Mt. Shimagare (1988)
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Fig. 4. Frequency distribution of DBH of trees at Mt. Shimagare (1988)
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Fig. 6. Tone index patterns on each scanning line in aerial photographs
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FAERXOKPH O 20m) THRLTRD &R FHEONLBEEEIL22 m/ETH o7,
L F CICHE SN -BEREE L, 1.0 m/4E (IWAKI and TOTSUKA, 1959), 1.3 m/4 (KOHYAMA
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L, FOHBNTH D EEZ BN, T2, TRXTOWMBARAERIZOWT, FICZ DR
SRR OBEEE X FIE L (F- 1o TOME, FAELZHMICE > TRELREE A
5, 199649 H~ 1997 T AR DIEL 01 m/ETH Y, 19946 H~11H & 199747 H ~
IHATIERL ZNZENS5.0m/4E, 8.1 m/ETHo7z. T2, ZOHMIL, ARIZBI SHIEARD
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Table 1. Movement speed of boundary between mature tree zone and dead tree zone at Mt. Shimagare

AR (1) BOEEE (m) BEERE (m/4F)

024 120 —934 6/ 6 0.9 18

034 6 H~94% 6/ 12 1.4 14

044E 6~ 944 11 5 2.1 5.0

9445 11 H~954F 8 9 1.8 23

954 8 5 ~'964 9 A 13 24 22

964 9 ~974 7H 10 0.1 0.1

974 7H~974 11 4 2.7 8.1

974 11 H~014F 6 /3 43 6.8 1.9

014 6 H~ 014 11 5 19 46

"92 4 12 H~01 4 11 107 19.9 22
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Fig. 8. Mortality and number of living mature trees in the subplot A at Mt. Shimagare
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Fig. 9. Aerial photographs around the quadrat at Mt. Shimagare
CORMIE, [11-450-C21-10] (1966 4E8ks), [55 3 IEHFAR] (1985 4E82) B & U 5 6 MhHk]
(20004 #2) &, TNEWMBEITRE LY TISHERSE 425, TRI164E1A30 B, EHFRMELY
M5 HEEE 3015, PR 164F 1 A 26 ] OR&GEE R CHE LIER L 72,
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Table 2. Cone production of Abies veitchii and A. mariesii at Mt. Shimagare (1995)

WARE  ERREZOTEARE IR IRROKE CFHERE

DX T T

&) (F) (%) () (f / 2%)
B1 TN 124 8 6.5 44 5.5
THEY MRV 104 6 5.8 81 13.5
B2 IR 83 12 14.5 157 13.1
THEY MRV 115 4 3.5 14 3.5
Al IR 13 6 46.2 54 9.0
TEEY MRV 34 5 14.7 20 4.0
A2 NAZZAN 21 15 71.4 299 19.9
TAEY MRV 44 19 432 243 12.8
A3 IR 7 1 14.3 5 5.0
T7FEY N TV 7 0 0.0 0 0.0
A4 PAZ2RY 16 3 18.8 25 8.3
T7FEY N TV 8 3 37.5 29 9.7

RFEARTE Al X~ A3 X~ A4 X2 o TREE L, A2 XIZARTT OMEEICH 725,

Z SR L E —5d 2 (- 8),

AEXDOMEDEHIZOWT, ZERFEEL AT L22#R (M- 9), &#HD 2000 F0F
BT, ARIZEAE CHTEART B L R TH ), BRISEAN ICMET 2 2 L HHTE
%o 1966 FEFDOEETIE, AXIIBHETH o722%, BIXIE 1959 SFOFEBE RIS L 2 FEH# T
HYRELEARVPRAS N ah o7z, 1985 4121, EEHTH -7z B XKTIEEANR 2D, B
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Fig. 10. Height growth of saplings in the quadrat at Mt. Shimagare
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BLLhol: (F-2) BAFARNICAET 2 B1IX, B2IX T, BEEZ DT HADEEDI/N
EWEID I S N7z, BRI ORBBUL LIS 0o T2o T 72, BRI X B BIIIAE TR 2o 72,
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2001 EHAEREXICHEET LTI, TAHEY b FY OfEBHZOWT, HIFEOFHINIZ X -
THELNBEOHR LK - 10 1R L7z, MW Th 2 FERXFIM TH (A3 X, A4X) 124
B AHAIL, FEARAIITHIE L 72 1993 SEIIZTTICESF L THBY), FRLUATNIIEFELLD
DTHHIENHS LR o7, FHEPEI (ALK, A2IX) TiE, ERMESL, BEA -
BEBITNHLPRONGZVHETH o720 S OHEOHR & FEARDIZIZHIE L 72 1997 412
T CTIESFLZLDTH oz, £72, RHAHFIE - THOMBHL, BRI L 72 E LD

F-3 WALICBIT AT I, TAEY b FYYHTEOKRSEEEAE (19934F)
Table 3. Parameters of water relation in leaves of Abies veitchii and A. mariesii at Mt. Shimagare (1993)

. e H
g HT
6A15H 7H28H 98 15H 10H24H 12H4H
RWClP ¥ I A — 0.78 0.77 0.82 0.81
AT 0.76 0.85 0.76 0.80 0.80
Wi 0.76 0.80 0.76 0.72 0.73
JestiE — 0.85 0.76 0.78 0.77
TAEY LYY HMH 0.81 0.89 0.84 0.82 0.81
AT 0.81 0.86 0.80 0.82 0.79
Wi 0.82 0.83 0.82 0.83 0.78
JestiE — 0.80 0.81 0.85 0.81
w p IR A — —2.40 —2.23 -3.06 327
(MPa) AT -2.04 -1.69 —2.43 -3.17 -3.31
Wi -2.88 224 243 -3.07 —3.42
JestiE — 234 251 -3.04 -3.70
THEY LYY HMA -2.82 233 —2.32 —-3.26 -3.70
AT -2.86 -2.76 257 -3.28 -3.56
Wi -3.12 -2.06 -2.55 -3.29 -3.80
Jest — -2.46 272 -3.03 -3.79
sat D ) — -1.69 ~1.57 —2.14 235
(MPa) BATH -2.02 -1.22 -1.68 -2.22 -2.29
Wi -1.92 -1.59 -1.66 -1.98 221
Bl =hici — -1.65 -1.80 -2.14 -2.55
THEY LYY MA -1.99 —1.42 ~1.58 —2.34 —2.58
AT -1.93 -1.18 -1.69 222 -2.59
Wi 231 -1.19 -1.85 223 270
Jest — -1.74 -1.86 -2.07 -2.60
Emax I A — 8.50 9.69 8.82 10.75
(MPa) AT 6.74 10.84 10.84 9.71 7.85
Wi 7.03 7.61 8.16 8.92 732
Jb5}E — 7.07 10.24 9.18 10.35
THEY LYY MA 9.72 2.98 8.29 7.34 9.28
AT 8.16 9.10 7.45 7.57 7.99
Wi 13.88 3.24 8.59 8.51 10.54
Jest — 7.34 9.82 6.49 10.44

M, AT, M, HEX (AKX, BX) 256, LRHEIZXE-1, e SRWL72Y > TV THL, £h
TIRENZ TEGEOfEZHI L LTOR L7
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Fig. 11. Seasonal changes in ¥32t and %, I of Abies mariesii leaves at Mt. Shimagare (1993)
PR & AR OBARIZOWTR Lz M LY VRV o stk y o i3f—4% > 7V Ch b,

B2 HBEOREREIEAL THR2h, ¥ IOV OB T, MEEEIH KL
721, BUOBALLTWA 0P R oM, —F, EREARPEETT AW TH 5HFH EE (Bl
X, B2 X) Ti&, #% 50 cm Rifiod b &0 THBIIMEEETH 72 TNSOHBOME
BREEADLE, BEI0FEULIEIEALSHRELTVARVWERBEOLDTHEZ s, LEK
ERCHROWEATH L EEZ LN ZDXHIZ, EEAROHFET LMK TES - EH L
TEEAHEB T 2 BT % L& 2 5NHH, 2001 SEBAE, AEX O LR hRificBs v i,
HEB OBEN/NE otz TOZEIZOWTIE, FAEROFE Lo, 1959 FOREE
BAEEICEE LESF L 2E RS TH LI ERFREROOEDEEZ N, 2O L) RMAT
X, 20k, BHHEBR TR S U W ENEN S 7z,

4. EEMOMIREBAOEE S

MAFEBBIARD A b L AZOWTHETT 2720, 7Ly oy —F ¥ v N—1Z Ko TR LNz 3E
DRGEEEEOB % E — 31K L 720 RWCIP BE D g, 12OV THE, X560 EKECEFY
Fr R RHAEEC & 2 —EOMEIIER SN d o720 RWCHIP 1L, BREESMORIEIC L 2V 13 A
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ENZRVD, grax CPWVTIHEDSKE VI ETHEESE N EAEb bz Ol - %
JII, 1984 5 FLilis, 1988), AFEMAIC L AMHEMEICKERER DS LW EEZ SNz, N L
BOTEHEY P FTVIZOVT gsat L w WO EZ X - 1R L7z, WiEe b 7H28 HICfHl
HRELLY, A4 EFTETSAENDIA SN ZOFMEIZ RN LLILEEL SR
7z Gl - I, 1984 5 JLilis, 1988), wsatl w Pk 40 7V T LICIES D E KR E Do
72h3, MABEERIIAR & ARNEBBI AR & HBE L 72 2 A, 9 15 HE 12 H 4 HTIE, MGEBARDfE
PEWEBID AR SNz, 72, ¥ ITNUTDWTIL, F ¥ ZPVEDD W72 b ET 2 & O % i
HTELhol2h, TNENOMEOFEHEIZT FEY) b Y ERAKTH o720 2RO DMED
Twz &g, WD 2 WIEMEERE W &2 BERT A0 Guil - &I, 1984 5 ALl 5,
1988 ; ZkJk, 1988), MAEEMARIZKIRDOICFIE - TS, WAL TWwW5E 2 LA
Aoz TOZODMHEIZOWT, RS (1993) OFEEEOEIETIE, 12 HICHAEHBAL Y
b WE TR TR AR DS A D Tz T &) BRI AR & 2 O REE O 7o O %+
DHEBRTE ol B2 5Nz,

VONETEHEY bR OMHLEE OBRIZOWT, #HEOHS (FVa—X, Az O—2X)
DERRTHEL, TOMEE-AIBIRLIZe ZVI—RZD2WTHALE, FHCTEAEN

F-4 MHLCBI2Y I, 7HEY P FYVEHEO/ NV I—RE A7 10— ADERE(19944105)
Table 4. Content of glucose and sucrose in leaves of Abies species at Mt. Shimagare (Oct. 1994)

ua—2 (mgtkg) ArTO—% (mg/ifg) (7»:—£%§7U—x)
N 7.0 15.1 0.46
10.2 15.2 0.67
11.4 13.3 0.86
FRA 124 14.7 0.85
13.8 15.5 0.89
16.3 15.7 1.04
Jeg&hmE 13.4 13.0 1.03
16.6 9.4 1.77
21.0 10.0 2.11

iz, HNIERAEX (AKX, BK) 25, AFEIZR-1, dASHML 7z, 2R ZN3EEOMEER L7

F£5 MHINIBT 529X, 74EY b Py ORFGETINE (200145101)
Table 5. Maximum photochemical efficiency in leaves of Abies veitchii and A. mariesii at Mt.
Shimagare (Oct. 2001)

Wi BT YoV (R RAKETAUE (FJF,) Bl
TIN FRAF 3 0.830 0.011
w4 4 0.794 0.011
Jbshm 4 0.811 0.012
TEAEY MYV IS S 4 0.780 0.027
A 3 0.789 0.031
B[ 11| 4 0.752 0.018

MigiEBL XA S, MAEBX & DB G205, ERHEIEN-1, £205 2RI L 72,



FRBIRIZ BT B ARIE OHERS 273

EHREIZE(m/s)

.t —~— ATHAE

WHWWWWWMWM
0 1992 1993 1994 1995 1996 1997 1998 = 1999 2000 2001

— 3 - i i ® BT EE6m/sEE
114 { m ESAEE15m/sBl L
s 27 | h I T %

= ]

m ' %

A3 0 1 1

£

o1

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

&

B-12  FAPgEGE, HPEEEA6 m/sL o B#, HRAEED 15 m/sPh Lo B HOHER
Fig. 12. Monthly average of wind velocity and days per month in which daily average was 6 m/s or more
and daily maximum was 15 m/s or more

Rt LI P AR (2 PR < B REL D JEL PSR S B & F R B NS AT O BGE T — £ 12Dz,

REVEARDA SN, BRI OMBH TIIEFEIVNS WEAIZ RS20 A7 0 —2122nT
1, R ORRAFE & MIFIRIEFARE CH 5205, LR CEFEREIV NS WES R SN, X7
O— 22K T 57NV —ADOHHEAD L, FTHOBARITKE {, WAL S W IER DS
oz, BAROMEEDOESOBRIZBVT, #ELZ COENOYWEOEHEEVIELTL I L
PSR TWS (I, 1982) o L7zhi»>C, AFHEICL » THARDIEEOEIGEOEA W
F 703, AT AMRMNICERN D L Z LR S,

200142 10 AUCHlsE L7227 a7 4 VHESERIS O AStE IR (F/F,) 23F&K- 51807
TINICELTE, HETRAGEFIENIE T REWET2S R 6N, 74HEY P PV ICHE
LCiE, defE /RS WEEAR SN2, EFEHSICL 2RI LERIZVEEZEZ SN, £
OB TRE2BIR TR IOEE TINED 0.83 ~ 0.85 THAH Z & (BISRKMAN and DEMMIG,
1987), F72, KAV o rIZBWT, RIROKT &R TIEEOKTIC LW AT AR R
5N b Z & (LUNDMARK et al., 1998) 235 SN Tv 5, LA > T, ME SN RtET
NRILEFEOHPEANTH Y, TNOEOBAKRICHEELRA ML AR LNEWVEEZ Nz,

5. BAHEBAROHIE & RE & DRF

RIEARDE { FEE L 7219944 & 1997 4R I2 BT, MfBIR & BRR W LR S b )E e
BIPRIZ OV TGRS 2 720, AREHIIBERT OJRGE 7 — & 2 fi~7zo HP3gEaEIL, E3 A L4 1
b5 < 33 ~37m/s T, TH~9IHATRGEC 21 ~25m/s TH Y, FELIINE o7
(=-12)e ZOZ M6, ATFHEAELE 1994 4F & 1997 DRI DSE Ao 72 & o BE X
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F—6 AL BV TR S 7z R
Table 6. Wind velocity measured at Mt. Shimagare

gk AEERMERT O H

REFAH AR 0 TR (ms)
20014F 11 H24 H 10:00-16:00 2.7 1.4
20024 6 H12H 9:00-15:00 3.1 2.7
20024 8H14H 12:30-15:00 2.8 3.0

A XHEBI 2 BV C 34 IZEHI L 72,

BOENTPoTz, £2T, 1 HIEDOFHRGE & i KEGEIC DWW TR L7zo HFESRE (10
RO ERDOFIHME) 6 m/s U EOHEIFIEL LT, Z20—r AH ) OHBEX - 1218 L
720 ZOREE, 19934F, 19944F, 19974FEDFNZN1 A~ 4 AIZHE O H 2% W EDSFED 5
N7ze 512, ARKEGE (10 5HEORGED ) bikb KEWHE) IOV THRFT S &, AR
HASIS m/s LEDOHDS, 1994401 H, 1996409 H, 199740 1 HicE 2 1 BEii s
720 WMARDRIEED T A - 72 1994 4E L 1997 FEICFHEH T 5 &, WIFNOLZE S FIEAD 6 m/s
D EOHED»% <, 15m/sLLEomKE#ED 1 AICBIl ST Y, Mo TR TR
BHHCTH L Z E DL PR 572, 2O D5, SRR EAKIE & OEHEDOREIRIZEAS 2 TR\l
SRR CEIREOPTIED A U 513002, BEOREIS CREL, BEICAEENAE L THET 2
THEMEAE 2 HNTe 5B, FEROMBIIIAEOFN SN2 BE L FE - 618 L7z Rkl
HFEHTOFHNL, 3 0EBEOHMEE FAN - 72720, MPEEFTOF— % L EELET 52 13T
EWAHS, 20014E 11 H24 HD X 912, #MEH Tl ik T, #attl Tld maEhvia
WZEhHbL0EBbhi,

D BT, S, FARE RO ZEO A BRI B EIIFRD SNk o 7275, WNEoBAI
WARTHFEEOBIARIL, LFOMENE - WAl L) B LIRS Nz L > T, i
BOBARIILTTIZA ML AT R T WIRREICH A 2 LR S 7z, 72, AT TR
bl MIEHEARIZESRD A N LARDDDLOIHIERIMERT S EEZ 5N, 2O
I, MBEEEIAL, SFESERAMLADPEALTHEILEL D EE L LN,

£ g

KRB AR 3 A & % KRB o A L O B TU #HE ORI 12 BT, g o
R L HEHRAXOFEMEZ I S22 Lz, BEOZRPERZ M L72RHR, 1959 £OHEIZ L -
THEHE L 72 KB 7 BB T, BRZAER A 2 A TR0 B L 72 0%, MRS, AT, AR,
RFEAAT &\ 9 W 2B OREEDS AN T WD 2 e 0 o7z, —F, BB
HOEFHKIZOVWTHL &, ERIEATGTHRHNTIES - E& L, €Ok, BARDPHIES 5 Lk
RHEPER LT, BRICEDD2HELMET 2R T 2 2 L0 NIhols £/, 5l
BEARRFE D FELE 2 MR 3 5 729012, 1992 ~2001 4ED 10 FIZ DWW TR —Mgp 2R L 72, €D
FEA, BTN TR/ S R BERDAIEA A S 4, KEFEAR (2T 5 MRk ARIZ B v
THIBED S { S84 L 720 MIREBIARDATIREEIZOWTIE, I THEY b FY Y OFEEI
BEEII A SN0 7203, SHEEQIRFIFEM D 513, B> S 42015 TSR R M #2473 b 5
DOBIARE D SEWEHIIDS A SN, WFEIEEREA b L AR SNz, 72, AEXKAO
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FERATHER L 7B O E R 0421, 15 m/s L Eo A REGEL B S, F/2, 0P
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5.z, KB\ 0 & HER S 7z,
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Summary

In the southwest slope of Mt. Shimagare, where wave regeneration (“Shimagare”) is common,
the transition of forest regeneration, physiology of mature trees, and growth of saplings were
investigated. From analysis of aerial photographs, it was clarified that windthrow occurred in a
large area in 1959, and then saplings regenerated sparsely. In wave regeneration, it was clarified
that seedlings germinated even under mature trees. After the mature trees died, the saplings
increased their growth rate, and their height fluctuated due to saplings’ competition. To discuss
the transition of mature trees, a quadrat was investigated from 1992 to 2001. While mature trees
died mainly in the edge of the stand, relatively small trees died widely in the quadrat. There was
no obvious damage in needles of Abies trees there, however their freeze and drought resistances
tended to increase in autumn. Therefore, it seemed that environmental stress was high in the edge
of the stand in that season. Mature trees’ mortality was not constant annually at the quadrat but
increased at the particular periods. In the winters just before high mortality, the region was
exposed to strong winds which are daily maximum speeds exceeding 15 m/s and daily average
6 m/s. It seemed that such a strong wind in winter might increase certain stress on the mature trees
of the stand edge and then lead to death.

Key words: wave regeneration, Mt. Shimagare, stand edge, aerial photograph, strong wind



