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Structure and dynamics of a subalpine coniferous forest
with dense undergrowth of Sasa palmata on Mt. Ontake, central Japan

Hisashi SUGITA"", Kojiro INAMOTO *, Takeshi MORISAWA ", Tomoyuki SAITO ¥,
Daisuke KABEYA ¥, Toru OKAMOTO > and Hisao SAKAI®

Abstract

Stand structure and its change during recent 8-years were investigated in a subalpine coniferous forest
composed of Tsuga diversifolia, Picea jezoensis var. hondoensis, Abies veitchii and Abies mariesii with
dense undergrowth of Sasa palmata in a 50 X 50 m plot on the southeast side of Mt. Ontake, central Japan.
Canopy layer contained abundant openings (32 % in relative area). Abies veitchii and A. mariesii showed
the L-shaped DBH distribution, while 7. diversifolia and P. jezoensis var. hondoensis showed bimodal
distribution: two peaks of canopy trees and suppressed trees. Most of 7. diversifolia and P. jezoensis var.
hondoensis trees had stilt-rooted growth form, or were established on uprooted mounds and buttresses, and
few of these species were established on the ground. Two Abies species were often found on the ground
more than Tsuga and Picea: however, the relative frequency was only 15% for A. veitchii and 35% for
A. mariesii. The majority of Abies trees was established on uprooted mounds, buttresses, and rocks, or
they were stilt-rooted. The preference for substrata other than the ground for the establishment microsites
of Abies species was more conspicuous as compared to those reported for other subalpine stands with
undergrowth without Sasa. The difference suggests that the inhibition of conifer establishment on the
ground by dense undergrowth of S. palmata affects the stand structure in the study site. The mortality
and recruitment rate for the stand during an 8-year period (1998-2006) was 0.60 %/yr and 1.44 %/yr,
respectively, indicating that recruitment was higher than mortality. The loss and gain in total basal area was
0.91 %/yr and 0.96 %/yr, respectively, indicating almost balanced. As for values according to species, only P
Jjezoensis var. hondoensis showed higher mortality rate and loss in basal area than recruitment rate and gain
in basal area, while the other species demonstrated an opposite relationship between these values.

Key words : Abies mariesii, Abies veitchii, dwarf bamboo, microsite, Picea jezoensis var. hondoensis,
Tsuga diversifolia
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I. ZCBHI

H A0 i & | L S BERSPR oD 1 IR A 1 sy 1 75 o
THED., & THEIT TR EZIREEZICH > 2B
WHEEICHA BN S (51, 19375 4G, 1972, £H,
2002), AR & H AR WO FR RIS AL E S 5 5L
S\, BTV AR EORNRESOILE TR, EERE
MEZLDVEORFETHO, PHELUMTERS LI IE
V. AAYHEZH M TEB LA AT TN LRI
BhEeE, S5iIchve, XTrhynsiiboT, £
RIS R D MR fE 72 KSR % B EERIMMNA S A BN D,

F Y b L E I EHHRENELS U S HEBIARIE I Bk D
MEHEB XTI EGILEICIAS AD N, EHICY HEkiE
E DS TORERZMIE T V7 JEKKERERICHA DB NS,
N5 DRSO FREL IO I IC DOV TIE, K
HOTEHREED B NNRHELOTEEERICAN, £
 DFEBEMN R EN TV 5 (Oosting and Reed, 1952; Day,
1972; Fox, 1977; Peet, 1981; Veblen, 1986; Aplet et al.,
1988; Kneeshaw and Bergeron, 1996; Takahashi, 1997;
Antos and Parish, 2002), AMEDORREICDOWNTE, F
UblE - ViEBEE EI BB OMTRZ2HEH
FEMREEIN TS, §4hbb, aXVH, otk
FEMMEL, READESHTFEMZHT 20, /h
BB DRV, —T. YIEV, ATV Em
MEVH, NEARICE T (Kanzaki, 1984; Miyadokoro
et al., 2003), L7z, MEBIESGBITICDOWTE, T XY
Ao b IHERE S SITDEIR - IRk LICEPT S
HRANEZETHEH, IV, £FTYITEVIEZED
feE 171] 05 B ¥ °C 1& 72 U (Sugita and Tani, 2001; Narukawa
and Yamamoto, 2001, 2002; Mori et al, 2004), LD
LR DNERS U 7 S HERIMR T, MO HIEICEId %
FAAE N7 N (Kanzaki, 1984; Yamamoto, 1993, 1995),
F 7z ha D EE 7 0y M X 2 SO [\ AR E
(Miyadokoro et al., 2003; Mori and Takeda, 2004a, b)
ARMEHE (Miyadokoro ef al., 2004; PEAf - E#H, 2006 ;
Mori et al., 2007) ICBAT 2T &7 TWVE, Th5H
DFERN S, ho eI XV HTREHFMHEKEDZ
LWC EICKBEHRTF vV ADDREEMHL, ¥F
EY. AT IV TREMBOZ I DNEMOENT &
WCEXBHEV AT EH>TVE T EEREINTVS
(Miyadokoro et al, 2003, 2004; Mori et al, 2007),

BIROBEFHRFEICIZ T, MIRAEA DIRAE & FHM DT
HCEREEERERIETTENAMENT NS, HADI
A ORI, a7 8 AR RN KR N,
BIAROFEFZ AT TRE AR, T, YYEITRE RN
TdH5 (HiH 5, 1976 ; Franklin ef al, 1979; Sugita and
Nagaike, 2005), 27 B AT FERID LN ER 5 1.
YU ARNI NBEED B AW Z Z L I TR A5
Na, Y980 5 FUPHEHAREBUZE LT
BEL, FIFPUHE (FIFPY, I ) oA
TERPYHEI (v 7Y ) O IENEEETIA K &

SUGITA H. et al.

5N, Y IPHIREABET OOV E L THENS,
NRES D Z B B CREK & N 2 BHEEBIMRTIE. MRIRD
FREFPYLIV I TP TITHEICHWDN TV E5ED
£, ZDX D IRE YU EIR R A E K 7 5 TR A
x5 TV EHREEING, L L., MoMEvEEC
B9 % AT Id EISHRIRIC U T 2 R K Ry (37 BURDELAR
B 2R RIATbNTHE O T RMRKOMY Z 5 L
U T @ BN AL\ r 0D 2 ¥ = 7 < P MK O ZRARTHE
R OO B & A %2 AT U 72 35451 (Narukawa and Yamamoto,
2002) ZRFIE DR L, B OEAE LIRS M 18
PHRMBEICH L TEDX I BREZRIFL TS D
. TREBREMTONTVAEL,

ARIFZE TR, BixF < FPI MKz & Difi L #2E
BIFROHEF & LT, ERILFEREHOFEDO I XY A, b
b, VIV, XTI EVMMERZLIEMDICBNT
R TR O (A BEREIG & 8 [ DO BRIMENRE D FRMT 217U
Y7z R M B 2 BEHFEOFE RS & DL z1T-
7zo

O. @i

R XL (3063m) DRFE T, AT (2256m) &
DEEERTH B HDJFE (2190m) D FH L Ti1o Tz EWHFIE
ANEESE AT, ARE HMNE BLEE NS E S K 2453 K
BE. JbHRE35° 52.0° . HLAR 137° 30.17 ICfiET B,
TH R L O A st T D N REER, H A & KRN &
HREICAMELTWSDT, MERKELHHETHL., &
PRAT HIZREE 2 HR (1972) ORFEEZ R MK TlE 150 ~
200cm £ ENTWV5,

LI LTH D HHEFHO 2 DDAk
MEZ > TWVW5, dHEEA LI 80 ~ 40 7 ERTIC
HE UTze 2 OBKIIHEZ 1E T A0 K910 J7ERTISHT
HHEECA L OTEBIMNRE O . A OEHIEK 2 J7Em X
Ttz BTHERICALRZEL L, & T 1979
RITRZERGBEFE R T UTe (=5 - -, 2000),

NSRRI OREE 1600 ~ 2400m 1T I8 U 7z di g L &t
ERIMDILEDN > TWVa, 2D 5 H 2200m L Nida XY
AMEZL, ZNLULETEYSEY AT TEVYNRZN
AN D O BRGNS HZ R 9, L
L. ZOBEMNNEHA L (FiH - B, 1951) & D
ORI 7 PR Lt 1Z E B TlE 7R < MIE DR
BEEERIMMNIAS Ao, HARWE & O@ifsin oM S R
LTV (i, 1958 %&&, 1972). MIRMIE, a7
e FFPYNELET IR ENSH O Y RHN L
DN E T AZHLICIEVEEZ 5 (HiH, 1958
Franklin et al, 1979),

FEH IS, HORED S ANt < SR FO% %
T F Y'Y IRIK D Bl & L SRS R E LTz, BRI
2130m, Fm7AAiiE S50° W, HRHT 12 ETH B,
BTG FHO iU HERE L T, THEIEE
B aREOHENRLTH 2 (EHDS, 2004), A

TR SRS TR S 55 7 %2 5 2008]



Structure and dynamics of a subalpine coniferous forest 83
with dense undergrowth of Sasa palmata on Mt. Ontake, central Japan

B B RIFEETROFEHE (2004 ~ 2007 4 ) 1. 90
~ 180cm, ¥ 128cm TH 5 (KZHL, KFEK), K
BEE 1~ 15mOFIFPYHREEL, EERIIIFIE
100% T, ZOMOMKFEYNIFEE,. HELBICETDYD
TZLW (EHS, 2004).

B, RO IL P O IR R AR (1850m) I 2ha
7'ty b (Miyadokoro et al, 2003, 2004) A3, Jb1H O T
[ R4 = 4 Ak (2000m) 1< Tha 1y b (/NRILS, 1981;
Mori and Takeda, 2004b; Mori et al, 2007) H35 4% /x <
fE LA SHEERMICRE I N TE D, MoREIEDEREC
M3 2ZL OMELNDH 5,

M. S

1. BAFAE

1998 4 10 HIZ 0.25ha (50m X 50m) O3 RF— k7%
REL, BE (B 1.3m) YL EOENTAREWNRICHTHEE
Blkol, W@ F v N—F—T %24 U TR
AT, Rz [FE U, o & E 2 X F—)1
HOBRZANTRHEL, BBE, E&E~x/r7ad A1 %z
HE LU, BB, 3 1mU EoMEOHZ LT A
EENERLELTA (Fr v MH)icnd, fEhm tE
WKELTWR0N, tOBRICHEEINTHE0h 728
WUT, MR, BER, Fvy TAMER, Frv T
WHEZARD 4 DICK I Lice MERICDWTIE T IL— A
FA R KO REZRE L, IRehiE - Bz F
M UTzo EESA70Y A ME, #iR, &, BRO~xY
YR, ARED, BIKICK S Uz, i, IRBED D IRE |
Mo TEZFDFICEFMECTEZADREDK S HEREE
LTWaEARZ T2aEk] & UTiRdE LTz,
ZDRED 8 HEHD 2006 4 9 HICHHMEZIT > T.
EIEDHIE. MEEBEEOREZTTO. MEARICDNT
WBIE LT RER ROER L Tz, SELCTEREIR. Y B AR, #@iTh.,
RO, FTEE HSHLICHOBERD FEEIcEhizE
HWrEN3E0) KX Uiz,

2. RIS A—2DEH

S ER Sem L EDE DICDWTHRE/ST A—& %
B UTeo JETHE m EIMAZE r(% /F) . [EHRRERE T
DWW TIELL R DOR (Condit ef al., 1999) % W T A&
L7z,

m = [In{N, /(Ny — N,)}] /¢ X 100

¥ =[In{(N, — N,+N,)/(Ny — N,)}]/t X100

T =200/ (m+r

N, P HEOEFRE. N, D ETERE

N, R AL ¢ IAERRE (F)

B S Wm0 (% /F) ICDWTIELFDX
(Hoshino et al., 2002) % i \» T ik 4> % (Loss in basal
area) & HEAI1% (Gain in basal area) % FH5 L 7=,

D= {In(BA, /BA, )} /t X100

BN = [In{(BA,, + BA, ) /BAy }] /t X100

BA, - B O o v W i A

BAy - BIPRICAAT LT 2B (R D B e o i i W i A

BA,, : BAEICHELTE L T TABR D BAZR O i @ W

BA, ' FORIIAA D e e W A

V. & X
1. MoHEE

1998 FFIC 1) % SRl O 8% & (DBHSem DL L) &
[ WriHi A 2 Table 1 IC/R9 . MO 2K TIE 688 4 /ha,
46.8m’ha THH1zo A TIZTTEY N 47%, TR
AN 29% 7% HHTM, BERmEmAETIEa XY D 54%.
PN 31 %2 LS, Mk T 85% ICELc, A4
FEVIEALT 10%. MEREAET 2% 2 5o 517
Elxhot,

1998 FIC F 1T 5 MEAR DR K % Fig.1 IR 9,
Wi D 5 % mHkELERIZ 682% THot, TDHH
IAYHOBHENREILWVER (I KT — D 40.1%)
D, BE 10 ~ 16m DIFIEELE U 7= et JE %2 T ik
LT3, PyeoidhznhoikirHd X5l
fELTHD (14.3%), s AfEIE 22.7m Td - 7z (Table

Table 1. BFEOAL, MEWimbd, &0 E

Density, basal area and maxinum height of each component tree species

1998 2006
A * (ha')  WIEEIERE (m*/ha) KT (m) AECx (ha')  EHTTERE (m”/ha)
Density Basal area Maximum height Density Basal area

TRV Tsuga diversifolia 200 (29.1) 25466 (54.4) 16.6 204 277) 26725 (56.9)
& Picea jezoensis var. hondoensis 68 (9.9) 14.612 (31.2) 22.7 60 (8.2) 11.812 (25.1)
2T BV Abies veitchii 320 (46.5) 5279 (11.3) 16.6 356 (48.4) 6.726  (14.3)
F43 5 Abies mariesii 72 (10.5) 0832 (1.8) 14.7 80 (10.9) 0965  (2.1)
R7 7127\ Betula ermanii 4 (0.6) 0485 (1.0) 15.9 4 (0.5 0.537 (1.1)
T+ 71 F Sorbus commixta 16 (2.3) 0.086  (0.2) 16 (2.2) 0.119 (0.3)
YT R X Enkianthus campanulatus 8 (1.2) 0.070  (0.1) 16 (2.2) 0.104 (0.2)
11\ Y\ Euonymus macropterus 0 (0.0 0.003  (0.0) 0 (0.0 0.004 (0.0)
7l Total 688 46.833 736 46.992
(): HHEHE (%) Relative value
* WgEE Rt Sem L EDOAEL Density of trees more than 5cm in DBH

|Bulletin of FFPRI Vol.7 No.2 2008



84

Do YTEVORBEIZEFL TRy FZEKLTED
(12.0%). @& &I XY HEHE X O HHRNED D >
7zo

1998 I 1T % R D i = I 2 P& 79 16 %2 Fig.2 1R
T, YIEVIINEDEDIZERNZ L L FRIDERE
FE A% Uice 10 ~ 40cm O & O3 WGw g # TE K L.
15Sem DL FICHIEARB LU F v v THADEDMNRAH LN,
FAIEVEHELUD LFEROR M TH > Tze — 7,
TR A, 25 ~ 65cm DIMEARER & /INEDHEEA
EME B L MaERE 2R LT, FUETh,
35 ~ 75cm OMHEARE & 10cm DL R OHBEARER & H
BRI D BE L. 10 ~ 35ecm OHEY 4 ZDL DZ2 % >
e ROTW e BT h NG, MEARDR T, /IMER
FEo{HbNEh o7,

2. EBERA7OYA1 b
FHREOESE~ A 7 a4 bBXUC X aEARDOHEIR
2 EERERNIC Fig3 1ISRd . I XY A TIE. KEARD
FEALRAOBROBITEZZELTED, KD IR
BO<T Y R EICEEL Tz, NMERIEIE EAEDIR
RO RICEEL T oo KR - /NEARZE L THIERT
EHLIEBDRE-SLkhoz, U TE, 2O
FEEDOED, RO <Y Y RPWED FICESELEED
WL, HIRTES LI DII/NER LEE L ED -
72o

—H., YIEeVEAFTIECY T, HIETEEL
DM HINZ < ANz, L L. ZOEG (MELL

Slope

N Nirectiun

lEl Picea jezoensis var. hondoensis . Tsuga diversifolia

E‘ Abies veitchii . Abies mariesii Betula ermanii
X Canopy trees which died during 1998-2006

Fig. 1. RBfaiieX
Crown projection map
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FOEDICBIZAMLKR)IZVIEYTI5%ICTE
T ORPEHEEROD T R, RO RICESE LTIZE D,
HBNEZARIRBEDEDTH Tz, AT TEY
ZZFDEEGH 35% T, I EVICHARTEWEZRL,
RV —FOICEN LA LICEBE LI DOMNZ N
(33%) T L L HMMTH > 1o HIEDHFELLED 85%
ICET BT L (BARD, 199) #EET 3 L, HEICE
HLELOOHRIEESORBFETE, WEICIEUTE
HAGODHIET 2 EIE LIS EOMEE D EERISED
572 (p<0.0001, X > ).

3. 1998 ~ 2006 FITHIFBFET. MA. HE

1998 ~ 2006 FDOEIMHARNIC 1) 2 FE A DSEE 72
ERFERNC Figd limd, A4 I8V X7 2NT
DO EMICHEELIZEDEE>TL Aholz, T X
YV HTENE » HWERICHTMIETEH A SNIZDORAT
b2, TV TIINEOHEBEARICZEDIHNNHS
N, 1998 FICMEER 0~ 5cm ThH o728 DD 21%,
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0
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360 -
320 -
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T(\‘i 160 1 Rocks
= O Ground
>
=4
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0 Py,
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R 5 “m
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0 Picea jezoensis var. hondoensis
o ez 72z S B
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40 .
0
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Fig. 3. #MMOEH<A 7 0v1 k

Microsites for establishment

5~10cm TH->EDD 10% M T D 8 ERMITIET L
7o, 10em A EDE DT E > 7L ET L TWiah o7z,
F e T, MEOHEARDH Tz S MEARICEIEL
MAH SN (Fig.l), N eHhNAH SNz, wTh
OBETERKD, FTHEICKVECLEEDE A >
7zo

2006 FFIC I B SR O SR E L s Wi fg 2 Table
112 759, 1998 4 0 {8 4 % (DBHSem L4 | ) 5 10 4
UETH- =4 BEITDWNT, 1998 ~ 2006 £ BT
B EEE/XS X — & 7% Table 2 1< "9, M E1KkD M

Table 2. HffEDHAE/ T A —XZ

120
440 Abies mariesii
80
400
40 ﬂ
3007 g 0 =
320 - 0o 10 20
280 -
240 1 Stem broken
200 4 B Standing dead
. B Living

Abies veitchii

Density (ha ')
8 8 8

S
o
L

0 —‘J—l’_"l_[l—u—g

0 10 20 30 40

80 -
T Tsuga diversifolia
40
o L, ,l—|,l_|ﬂ,l_|,|—|,l_|,|—|,|—|,
0 10 20 30 40 50 60

40 . . . .
WH Picea jezoensis var. hondoensis
0 J | —

T T T T T T V'_|V T T T T VmV T 1
0 10 20 30 40 50 60 70
40 ..
w Betula ermanii
o=
0 10 20 30 40

DBH (cm)
Fig. 4. SeifEDIECEAD

Occurrence of dead individuals during the 8-year period

EE Sem DL EDJETHR, IMARIEZNZN 0.60%/ F.
1.44%/ F£C, MARDIE S D& EZ R Uz, & W
RO IR IR ZNT10.91%/ F.,0.96%/ F T,
ZIEFRICTHoTco BFERNCHSD L. BT EDIETHRD
243%. > BV OIIAZEDN 2.14% L EWONEN > Tz,
N7 B DRBIETER « FADRDPHIASR « B2 K E <
LEo 7z, ZOMOBIRRIEIMAZR « EINRDIELTH « 5
DH LAY, LIV TV THEHETD > T
BAR 258 U CTAEFE U ERIC DWW T, 1998 0
M= EEE & 1998 ~ 2006 F D E £ AR & 0 B £R 72 kit f

Demographic parameters during 8 years (1998-2006)

FELHR * BIAR * [EERETE e i A
Mortality rate Recruitment rate  Turnover  J&/>3 (%/yr) BN (Y%/yr)
(%o/yr) (%lyr) (yr) Loss in basal area  Gain in basal area
3 XY H Tsuga diversifolia 0.00 0.25 808 0.00 0.60
b7 & Picea jezoensis var. hondoensis 243 0.86 61 3.05 0.40
2T €Y Abies veitchii 0.81 2.14 68 0.32 3.35
F A5 €Y Abies mariesii 0.00 1.32 152 0.00 1.86
M7 Total 0.60 1.44 98 0.91 0.96
*DBH > 5 cm
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o Canopy trees (including in gaps)

e Suppressed trees (including in gaps)
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o . .
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g o o0 S o o o
5 DI & T
= T —® T o T )
3 30 40 5 60 70 80
3]
1S Picea jezoensis var. hondoensis
©
® S o
o ° o
o o0 5

[e]
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Fig. 5. M et & ERRUE & OBR
Relationship between DBH and diameter growth

BINC PR & 2RI/ T Fig.s IRd, ERERE
EDMENICIE, I XY HMEARTEOMES (Spearman D
JIEL 37 A B % B0 rs=-0.481, p=0.005) D 5 7= D % [
JIX, BESHEBERE - Tz, AT TV LSO
HTl, MERZHEREAIVARICHEVEREZRL
(Y5 1 p<0.0001, TAVH :p=0.0124, kL :
p=0.0097, Mann-Whitney ® U #7E ), M ARDKER
O EH R, T8V 0.356 + 0.124 cm/ 4F,
O A F0.145 £ 0.095cm/ F, b7k 0.119£0.077 cm/
FT, YIEVRMo2EBED EFREICH WEEZR L
( £ %12 p<0.0001, Mann-Whitney @ U #7E )o

V. & %
1. MERBICKBZMDEED B HL
B FFYP Y MK Z & DOARFAEMDIT I % ZAE
DY A ZREEIX, VIV A AT TEVIIMEAR L B
EAREMEFG L, 2R E L TNEOEDIEEAHNZL
WLFMERLEDIE L, IAVH, bk, X7
A VNTIEMER ERRARE DB L 72 ZILH, HBH 0
EHiEARZ RS — 0% 2 U7 (Fig2), TDOXI I
MEcEEFNzEIEEEE ZNICZ LW B, b
U @O I, R LAEEE e b O A - O
THRIMKRDOMD TEMEETNTE O (VNEILS, 1981;
Miyadokoro et al, 2003; Mori and Takeda, 2004b), #7x
F TP YRR & B 7% R S PRRTE & DRI ERTE R
DB NEBHB TR,

SUGITA H. et al.

AREMRDEIHEICRENZ N EDFH-IITH D
(Fig.1). BRI OE R IE 31.8% 132 U, @il
PRI RO F v v TOmRE R L LT, EEildbrs
T 7.3%. 8.5%(Yamamoto, 1993), 18.5%(Miyadokoro
et al., 2003). J\ 7 {& T 5.6%. 6.4%. 7 IV T AT
8.9%( Yamamoto, 1995) & W\ o Tz M E TN TV 3
M, RFEMR OfEIEZ N BIEEANTHEEIC &,

2. HWROEBEBAMICRIFT FIFTIMROZE

FovE, VARSI, EE~ A 7Y 1 havE
AR ABIRD & EDMELIN O BB ITHKTF T 2 EHIHZ
{HEEN TV B (Christy and Mack, 1984; Harmon and
Franklin, 1989), AHFEMITTE. XV H, Pkl
RKERDFEAENZORKROEEZZL, HEHWVIE
EBGIMRBIRD Y Y FRWED RITFEALRS
N, MERTEBELEZEDONE ST, HBHVIEFIEEAL
o Tz (Fig3)e X I BIRDOBICILREEDRBIAIZ, RIE
D, BIR, Mtk EDOREDRED EICEZ L. TDH%
ICZENDEN U TR E Ul iz DI E Nz & H#EE
&N % (Sugita and Tani, 2001), T DX 5 HEBZATIC
B B MR DA DEEANOEE SR MEE. @R LAt
(Mori et al, 2004), Jt/\ 7 % (Narukawa and Yamamoto,
2002), il (Sugita and Tani, 2001) 7% £, &KHtiod
BAR YRR THREETN TS, L, Etil
DA BIRKE T, 3 A T OREMEDEEE TRV EH]
A X N TV 5 (Sugita and Nagaike, 2005).

—77. EIEEEIXEEDORENDKREENEE T
RN DOMN— I TH % (Knapp & Smith, 1982; Simard
et al., 2003), fHFLLILTT (Mori ef al, 2004) S>4bL/\ 7 &
(Narukawa and Yamamoto, 2002), Fiffil& |l (Sugita and
Tani, 2001) O 27 B BEARBIOIKDO I T, HiFR
DOHEBEENEOWC EZRKL T, Y IEVYRETF TS
EVDIFEAEDHBMNERICESE LI DTHET L
MHRETN TS, BixFIFPYHRIKOARFAEM D T
&, YIBVEFFTIEVIEIRAYH, hUrIHEAX
3 LIS L6 DOOB S E M - - (Figl), L
MLENS, ZOHEEEXTIITEYDN 15%, 42 F¢E
VIR35%ICTET, KFDEDRIBEROTT YR, |
RO RICEE L T\, BT T RIKIKIC B THIERIC
EELEYIEYRAF VT EYVHBOEEGENENE
B, AL\ r EZEIED 2 Y~ 7 <P HRK (Narukawa
& Yamamoto, 2002), JERHEADF ¥ PHMIK (B -
KR, 1984) THHE TN TS, MUEDE S, %7
FFPTIEMOY Y LHEERIC. FYEJE, Y A ERE
DHATIEL, TIBBROMERICE T 2 EEE LHE
L. JEMEREBANDKREEEFOTNE T ENREIN
2o

Y OEIRERIIBARDFS: - Mk 2z Bz L. #H&IC
JELHRB LYY DV X — I3 RAEDRNINE HEIcET
5DxMEL, THICKBBHINZ T DY Z—
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FHEA - HBHICEWSI ST D, HEEES, TDXS
WCERY I MRIEHRIC B 2BADESEZIEET S
(Nakashizuka and Numata, 1982; Taylor and Qin, 1988),
=7 BRDICK > TERENTEY YV R TR YYD
EMEL, TP 2—8#E DI, TRER
DARDETSTHEIR BREGEDODREDREEELZLD
T, BIRICHF#EREESGTZRMET S LEZA NS, T
NTCOBEDOESEGAFDRRD Y > REICER LT
. FRBEETAEEROY Y Y FEOHBMAENT &
W&, TR OB EIE S, 31.8% & RO Z W
BOFK (Figl) Z&izb6LlzeEZBN5,

Takahashi(1997) &, At#FE D 7 < A FHMHRIKD
THIVY « F RVYMKICBWNT, Y dRICE T
5 RVOEHEZELLIGITZH, &5 HIAKR -
THHT 27 ALY DOEBICIEHF D HFENRZ K
FET, BLARIVICKE T ATV Y OHBRZ
LU Tl EOHGFEZIEEICT 213 b &2 LT 05 &
FEATHWD, AINDaXYH, Foe, ¥IEY AF
VIEYVDERTEIHMICBNTE, B Tic Xk i
RICBI B EEHEDNZBEOHFEMIC BV TEHEEZR
WF5ZZLTWAAEEEND D, ZOAHZXLICD
WCHEZR iR 247 5 BN D B,

ARFEMD TREHRO Y Y FICEE LTI DAL
TEMEHEN, 2RO E DRRED FICES
LTWaEDE, RO Y R EICFHEL TV
BWEDN ST, BREDICEBYT Y FOERIE. FIR,
R Mitkz EoRBOEFZRET LI, ¥
Y RZDE DN #E G E BT L 7% D (Nakashizuka,
1989), #IER 4O EBICEHML TWEEEZI BN,
0 i LA ST EERS OB S ATIC B 2 TR OIS Tld, Hh
HLUNDOEHBEDREN TAREDORE (AR, RBEDEE)
OEEEMEFA SN TN, RO <D FOEEME
WKERLEEDIFIFEAEALNIZ N, BRI VR
BEBAROESEY A 70T A M LTEDDTEHEETHS
AIREED D D . ZOBRN SRR D <7 > ROV & L
MROBENRED 7 TRIZTRENT DV Tamak I 5 N ENH
%o

3. HFMENRE

1998 ~ 2006 £D 8 FEMNCIELC LIz & DIKIEF E A LN
VHNCKZEDT, MRV IEE->LALNT, &7
N ABBNFEDBRTH > 1 (Figd), LEA>TC
DA E R E 72 & OFELNVDHZNVERTH - 7o L E
N3, MOEEDIELEH 0.60%/ F. HI AR 1.44%/ 4
&S H (8 4ERE, Table 2) 1. MR LALIEE D 2.74%.
1.02%(9 44, Miyadokoro et al, 2004), JLE D 3.30%.
1.42%(25 4R, Mori et al, 2007) £ 105 & R 3 &
MAFRFZEFAFEOMETH 20, FECRITE, 5L
JefimiBs X CILEm TE. P e a XY HTRWIET
K IAR, YIEVEAFFTIEY THWIETHE - Il
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ABPNRE TN, 518 TIEEETROME B D Z L
TS L, BE TR OZL ENRTROGE &
o T IC KD EEBENEREINS LNEN TS
(Miyadokoro et al, 2003, 2004; Mori et al, 2007), #<7H
BEMOTE, OXYAMEIECTE - [KIDAEZRL, ¥
FEVMNEIECE - SINARZR LRI IEROHE &
A TH > 7z (Table 2)e LA LEDS, FUEhE
WE, AT EYMENMEZR U7 T L IERERDM S
ERBZSTWVS, e, YT EYDNEHWILTE (0.8%)
ZaRUIcEWos TEHEBHLILTEE D 3.2%., LoD 3.3%
ICHARB LR, SR O R LIRS v
AedHd e, JLEmETIE P b, XY AR R <E
m#E, eV, XTI EEYDRPESHEINETH S
(Miyadokoro ef al, 2004) DIZH U, ARFAEMD T B
T DRI S B THIO 3 FRI AR <SG T
Holze TDOXIBEMPEDOHEEEINT A—ZDENNH
MEEIDOENNIC K S & DEON, BRI E N 7280
WKIEEZ5% > TCLESTDD, HHWVIIHIOSREMST
DERNICKZDM, TR TIENHTH %,

BNEAR 7258 U CTHETFE L T IEBIROE R E (Fig.5)
TlE. I 8VMMOREEX D &R > THEGKES
AU, MY eDOREIC X - THE U ERmiEDOELZ
HHEDLE TV, IXY AMERTEREKE & O
ICEDHBNA SN, KIERTHENBRIEICH S
EWREENS,

TR OD (R AR B RS - Z A A D HE A7 I iR, i E DKM
BEBENARKECEGLTWS T EAEHRINTVS
(Peet, 1981; Aplet et al., 1988), Mori et al.(2007) (3115
(b O FEBFRIC BT B 25 FROBREMFT NS, H
PR > 6 FE [ OD 35 5 BE R 13U AF D B EL A D A Tl
HLBEOKHFBBILOZEEZIF TRESVTWDS L&
ZTW5b, RFBEMDTE, P FEVREIHEN Y F2E
U EY A I REDERD 5 (Fig.1), mEOEELIC
KB L ZT DD TORBEMTON TS T LAVRE
INB, HMEIREOT) A I EZE D EEL & O D #¥
EEBICEIE LT ATRENDN D %, T DT DSHD
ZAIC DWW T, @EDHEELBREICET 2 M A ZER L
725 A TEHICERME OB ZITV. MIKOERT < F
PHDHEMENREIC KIF T L ERICANTiR#E T 540
END %,

@ Wt

FRMIR B WIZE AT SN SR O WA s it sRIESZ oD
BEANE LI, BRI LStz wizizniz, 31
HIEH I B T TT AR & W22 AT AR & G Bt oD i
HIFRIC T RO W Wz, EFEWE ERERE (
B SMEEERESMEEE ) OBMICIITETE
BEEZR > TWieliWwiz, LEDTT LI E#T
%o ARWIZEO I, EREE BRI U & HEEH
(B-11, S-4-2(4))Ilc &>z,
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