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BhEE  AMKRSE 79: 195~201, 1997 1954 0 15 EERAIC & D KB REEL 2 Z U IR E S I BEERAEX (0.25
ha) IZBWT, EES 40 EROMSOESEER L, FTERBOBRBEEIC OV TR L, MEKERSEHE X AEH O
HEEMD 86 % L2, MOV TORAZEEIZAER 40 FERITHEA TV 32, BEEELY A X0M% EOERZHE
TOEEZ R PEIRSLE L E 2 Shl, AERICEERIIEML 28, HERELS BRI EELE S EEL Ty
T, MAOEMEIZEEMUFNICOH L ToBESHLE o Tz, BbRBEEORERNSS X CREROREEE IEE
WCEoTREZEAL DY, 354 7RSI, UL, FREFNDY A 723, BT L 2 EHFEmEESsRL
ZEENE TN, JOI L EREEBILOBSORMEEL SN, X5 ATFEM T, BEIC L 2FEFEOEVL IR
BREICEL T LR S h, BTERUNOEREN L EET 2 LEES BRI 1z,

F—7—F BHEE, EEHEX, KBS, BIELTESK, Ao EERER

Shibuya, M., Yajima, T., Kawai, Y., Watanabe, N., and Nishikawa, K.: Recovering process and dynamics of the
number of stems of major tree species in a deciduous broadleaved forest in 40 years after a large-scale disturbance
by a typhoon. J. Jpn. For. Soc. 79: 195~201, 1997 Stand recovering process and dynamics of the number of stems
of major tree species in 40 years after a large-scale disturbance by a typhoon in 1954 were monitored in a permanent
plot (0.25 ha) in a deciduous broadleaved stand. The basal area in 1994 was restored to up to 86 % of the estimated
basal area before the disturbance, but tree species composition and DBH distribution in 1994 differed from those before
the disturbance. Forty years is not considered to be sufficient to reconstruct stand structure and species composition.
The number of tree species increased after the disturbance, however, the predominant tree species in 1994 were similar
to those before the disturbance and they contributed significantly to stand recovery. Major tree species in 1994 were
classified into 3 types, depending on their dynamics of the number of stems through and after the disturbance. It
seemed to be a characteristic of stand recovery after a large-scale disturbance that tree species with various behaviors
of seed germination and shade tolerance were put together in a given species group in the classification. Since
vegetative regeneration, such as sprouting, is assumed to be important in this stand’s recovery from the disturbance,
regeneration behaviors other than seeding need to be taken into account as regeneration sources of tree species.
Key words: deciduous broadleaved stand, large-scale disturbance, permanent plot, stand recovering process, stem-
density dynamics
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195~201

(Runkle, 1982 ; Midgley et al., 1995), L % U AKBIUSEHEEL

BRBEL S EEEZ D ODNE BNy FOESETHD
(Bormann and Likens, 1979 ; Martinez-Ramos et al.,
1989), HMOEEPLEIICGHETIERE LT, #BilLL
MRBCBITE2F vy TERPERETH S I ENE/HINT
W2 (A, 1981 ; g - (LA, 1987), #HELIC & 2 HFM
BEAOFE R, BILORFMEY « 2R 7T —Vick->T
Bz, BEHICL X v v PEREBEOFROBELADLE
%% (GEIL - B8, 1992 ; Yamamoto, 1992),

KEBEEIL2ZT T8 2 3E9KE X v v
THEREZ, BEKT 30~140 m3, BVEMRT 90~250 m? T
» Y (Yamamoto, 1992), HLEBEHI/INE W, F/2 7+ D
BICH/NERBF v v 7 (<200 m?) OHEEHE L, 400 m?
UEDbDIZENTHS (Yamamoto, 1989 ; Yamamoto
and Nishimura, 1995), KEEX + v 7 OFEAEHE MR
(Lorimer, 1989) Z b ®H YV, FMOF v v 7rF A+ 37
AT AFRI/NEREY v v TERRE Lz D%

X, FOREPHEEEELVSEHMEICHZY (Henry and
Swan, 1974), BEbd 2L IFHIR A 77—V TOHRMEIREIC
224 2 (Yamamoto, 1992), Z D7z KHEREEZED
HHROFERRBICET 2HFRIIEETH 55, KILEEHD
HIFRLEFIZ &> TEL 28 MBI 26 2K< &, BRO
HELEMKCET 2MREMIER>hTw 3 (B& S,
1987 ; /R, 1989).
FIHEVVTOBRMEEL ZO A H =X L2 HgY
2121, Hx OBOEFRBEEELZHOMICT 5 2 ENEE
TH2 (Nakashizuka et al., 1992), FHRICBWTIL, &
KR, MEkEREAR, Tk ORIV OEDOEEH)
DUNEL T, BERBEHEIREI LCERY, KK
XLEHT B LENERENLT WS (McCune and
Cottam, 1985 ; Franklin and DeBell, 1988), dt#ED%
R TY, RERCISZX v v 7OFBHE 12 £M D
M E RS T OZEIZ/INE o T2, i (e 2~15
m) BEN2HEULEERY, FREGRKOERIIHBEIC
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o TEZ SR RENTWS (Namikawa, 1996),
D& D & OEFERBBOE N, XXy y
THA X EBEELEEOERB L R - £RFECE
H+sbDLE2 55 (Whitmore, 1989),

Swaine and Whitmore (1988) i3, ¥+ v 7R TD
BFIL2EHO Lol LB ORE « £RREES DEVIC
& o T pioneer #& & non-pioneer (H % \» X climax) &
DZODEBHIBEHERS LTS, —F, BbIcHE
TELHEMEBERRY LOMBRZ X 2EAXSbH D, @E
early successional #, mid successional (& 71 inter-
mediate) &, late successional D 3 ¥ 1 WXy & h
TWw5 (Marks, 1975 ; Koike, 1989), #%ZDERIIZ D>
Tk, fEEEERE, REHEORS, o7/ ay—,
EORSE, (UTE/H# L) Hibk X OBRIKRET s T
3% (Marks, 1975 ; Kikuzawa, 1983 ; Koike, 1989), \»
THOFMXSICBWTOBES L ICHRBRESR RS
EBWRINTOT, BERINEIF Xy 7OREIICELELT
MEORIGE LS Z B TFHIEh TR 3,

BEAC X 2 ¥ v v TR OFMO SRR, BEE
B, ZE, EEREOMDE L TOEREZIBETL LD
W2, M L OEAREENRE S 2 W IIBITERFY: & (BAREENRE
OBREHOMIITZ I LI L > T, MABIRED A A =X
LEFRETE, BRETHIHREE RS,

b¥EE B /N 5 TE, 1954 F£0 15 SEE X D K
BB ERE U, XAFROFABM TH 2 ILEEREE /N
WHEHEEARTY, BN L 3EIXH 585, FKERCLT
30~45 % DFARDS, HEY, EH, Bithzo®kE:
ZITTnw3 (255, 1958), AWFETHE, 2D 1555
W & B RBEREL R OB ELTEBMRORIERE 2 3 %
Ledbil, TNETBHWWNEBEDOY v v 72w %Kit
DRI N T ELBEOARBIERX S L, SRIASNT
B L OREEIRE L OBIRERET L, KHBERELIC T
2RO K DR % dmagk L 720

B, ZOWRO—EHOFERIE, BEs (1987) Lo
TITRHmEZIN TS,

. BEMEFE

b K F B NVBE B ML, bR 420407, BEAR 141°36
WALE L, AR 2,740ha TH B, EEIZ 5~90m T,
BB HEL R E 2 L, WEITHS - BHTK
WEO K IBEI K L BRSPS KUK 5K Y, £
DESIF5H~10cm £ XbDTHV, [IRFZESZHGH
T, FVFHKUED 6.5 °C, FREAREIX 1,450 mm TH 5,
B S OR#IZ59.9°C- AT, BiEHICET %, BFERS
AFZT, V=V, ¥YFIF, A IVHILTIREDEEL
EMBSELE T IMSFE RS TWE,

1954 £ 15 SR EZOFM O BHEER 2 H S 023 %
7oz, FROEE R I 1958 FEICEEREX &
BE LTz, WiRIZ 0.25ha T, BEBEIC X D sk
BEBBLZ0% WM LI LESNIMSTH 3
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£-1. MEOEL
Changes of stand condition.

Stand characteristics 1958 1977 1984 1989 1994
Density (/ha) 388 1736 1944 2008 1856
Stand stock (m*/ha) 29.8 53.4 66.5 87.0 112.6
Basal area* (m?/ha) 4.96 12.42 14.87 18.23 21.36
Mean DBH** (cm) 10.3 8.7 9.0 9.8 10.9
Mean height (m) 8.6 7.2 7.8 8.5 9.4
Mean volume (dm?) 77 31 34 43 61

The number of tree*** 14 23 23 24 23

species

Change of stem*** number

Survivors(/ha) — 1548 1812 1820

Dead stems(/ha) — 188 132 188

Ingrowth (/ha) — 39 196 36
Growth rate of stand stock

Gross growth rate(m?/ha-yr) — 3.13 4.68 5.88

Net growth rate(m?/ha-yr) — 1.87  4.10 5.12

Ingrowth rate (m®/hasyr) — 0.61 0.39 0.07

* The number of stems and basal area before a disturbance in 1954 are
estimated as 756/ha and 24.76 m?/ha, respectively, from an investiga-
tion in 1958. ** Diameter at breast height. *** Trees or stems of
DBH=5cm.

(F-1), EE40m T, B EOREREICH D IFIZFH
Thd, BRAHEERE, REKROMLZ 3T THRE
EhTw3,

FAEKX O R E LK, 1958 £, 1972 4, 1977 4, 1982
£, 1984 4, 1989 4, 1994 FCHTAEERIT-> T3, &
EFES5cm U Lo (UTF, #AfZE®LT2) 2R, #
AL 2 H 5, 1958 FELIRBARRAERT> T3, #
REXTHED D EF I BRI 21T > T3, REHEHE
X, BiIfE, e (0.1m &6, MEESRE (0.1 cm $47),
BT (0.1m8400), BIETH S, 1982 FE2KRWT,
1977 ELIEE CHEFEBN L 5 TWT, Bz
NoDOFERKREFEAL, REERD 1958 FORAETII,
MEERZ 2cm EHTHEENTVEDT, Harv
TOEEKE L FYE2PER L, RO/ (1977 F)
¥ COEFRABECEERIRD Lo, I AER OB
R OAS L MR EEEET S, 1958 F O RAERFICHHE
RPBEEAREED TRELEEIN TV S, BMEIIHE
F (MREFFEHEER, 1970) 10 & > TRz,

m. #& R

1. H o8&

BEHZOMRSEREIZOWT, FAEBICOVWTORBRE
F-1IWR LT, BERDOEE X 388 &/ha T, 1989 &£ 0D
2,008 &</ha ¥ THIANL 7228, 1994 £E1213 1,856 & /ha &
RRWA LTz, 1977~1994 £ DRGFEEFIC 1 —E D[
Baohnd, ERBHRIIHERZBESERZSD,
1989~1994 £ D EFEJMEFE LU, 1977~1984 F iz Eh~
TBIZF1/8IE>TWwdE, DI EH 1994 FEOEER
LORERFEREZ>TW5, HELBERIZ, 1958
FEO 4N S 197TTED 23~ LHINL, BEERBLZ
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20 EDQRNCH e RREDBADBD > 1253, ZDHRITIFEE A

EZEALL Twiz v, 1958~1994 4 o 38 25 HE < i T
BARHE 4.3k, AEFHOHEM (24.76 m?/ha)
D 86 % % THIFEL T3,

LR IIHINL T 1958 £ 29.8 m3/ha > 5 1994 E D
112.6 m3/ha ~# A L 7283, FHMBEIZ 1977 E F T
1958 ED 1/2 LTI L, 1994 FETH 1958 £ X D /1
BV, THFEAERNMERSER LIz Z Licd k308, K-
LRLIESEES» S bbhd X512, AERER
L7-MIEER 30 cm % 2 2 2{EfE55 1984 F£ £ TIZRL &
MFEL7: 2 & b BEL Tw5, FHREERS FSED
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X-1. REZOMEEZESROHS
Change of frequency distribution of diameter at
breast height (DBH) after a disturbance in 1954.

BEORAXMIE-2 LFU,

Classification of tree species is the same as Table 2.

HRRIR D, FIMBOHR L B CHEAITH - 72
WO EERERE, HRREEMERRE L b I
MUK Twd, &< M RERIE, 1977~1984 F 0
1.87 m®/hasyr » & 1989~1994 ££  5.12 m3/ha-yr -~ 3
mu, 2.7k >Tw3, HEREMEMLEDT T3
HEHRKZVLY, MIEROBIVEETHY, MIEHHL
DOEREEZ % &, WSS L D/ REEICERL T
T3 X3 Thb, 72 1989~1994 FEDOFHHEBLER I,
B DO EZELTERA & LTI REW» (BIR, 1983),
M-1 CAERDOMEERSAOWBER LI, TTK
WRIZZEIE BEERBCEELLAXE Z2HAER
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(DBH>30 cm) 13 1984 £ % TIZHE%E L, 1958 4F 1z i3 Wy
BHITH - EESD, FOBERE LSRN
TWwb, SMmAEIE, 1989 F  CR/IMERIZ EEEB 1%
Wil JFRTH o 2hS, 1994 FiZid Sem EMNE—F L 72
D, 10 cm BT O/NMEREUTEA T 2 HED A 5 Lz,
2. BLUBEORMIELEERS

1958 FEDFAEMER 1 SHE I NI 1954 FEORI L 2D
T, BEEIREER-2 CBERNICR LT, 1994 12K D
EholHIC, BB 12BICOWTRLE, 27 @
AITIBICDOWTIE, 1958 FEDOFHAETCRENIXFIENT
WEhpoleDT, BTE LD, FTIEETE2ILEL
T, BRI > TBREEELEL > Tk, Bz, &

®-2. BRI OEHEE

Dynamics of the number*! of stems of each species (/0.25ha).

Species 1954*21958 1977 1984 1989 1994
Quercus mongolica var. grosseserrata 23 4 55 69 79 77
Prunus spp.*® 16 5 64 78 80 66
Carpinus covdata 30 21 59 64 66 64
Magnolia obovata 4 0 45 51 51 48
Sorbus alnifolia 11 10 37 39 40 40
Acer spp.** 42 17 28 33 31 37
Tilia japonica 6 5 25 28 28 26
Fraxinus lanuginosa 2 2 11 20 23 23
Acanthopanax sciadophylloides 16 10 21 22 21 19
Salix hultenii var. angustifolia 0 0 21 23 22 18
Ostrya japonica 29 20 30 24 18 17
Alnus hirsuta 0 0 10 4 3 2
Others 10 3 28 31 34 27

Total 189 97 434 486 502 464

*!' The number of stems of DBH=5cm. *2The number of stems
observed in 1958, including dead, snapped and uprooted stems.
*3 Prunus sargentii and P. maximowiczii. ** Acer wmono and A.
Jjaponicum.

-3, BEERBICL L OEESY 4 XS
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OBRFEBEIML T2 b rhbod, P ZTERT VS
REFCHRTEILTWS, $AEMICIZAS R
Bholex /Ny aYFFEerv=oy s F0, 1977
ELSHELTW3, AEMATL 0B EHEP LB
T, HECBREI HEMLUEE (K4 /%, 7XFF
YV, ¥YF/F, TEAIE, =V /Ny arFF), AEL
HiB & 1994 EZOBENL WBE (3 X)7, V77
B, 7)), BREMURTEDE DD WEE (2
777) BROoNE, BREOHIBTERE2BRITIB L Z
12 1% 500, 7AFFY, ¥YF/F, ¥ 798, 7TH
ik 3EBREUTORPETH->7zDizxtl, I X+
7, Y I&, »TTRBIB LZ 1/3~1/5 DB A~REL
LTw3,

BEC L A2HEORT /L AEMBOBEERECL LD
W, BEOERIX S 2{Tol, BRI I~MY 1 7D 3
Rap& iz, 15473, BRECL > THEDE L S BS
L7z, Z0®%EEL:EE, 154 71, BERIEA
HDHVIFFEL I 7BRE, MY A 7%, MHSHEE R
ERICEA LEE L T wiliE, »H2widEERFEII
BALILBZOHBBY LIBEE Lz, [543 X
FI7 eI TEH, ¥ A A WZERA/F, YTIVN, 7
AxFy, YF /¥, THEIE, TV /Ny AVYFFH5
Haniz, AxTRE, av 777, THY, rv¥<enr/
FBIME A 7 LTRGENT (F-3), £z, IET
JE¥gIE I 53T B HEIELIERBIC DWW T I L £ TERY
TREER - OBRLEICERICR L, BEERM IR, B
BIRBENNY VEXREHREE b & D < Kikuzawa
(1983) & Koike (1989) I & 3 X4 &, H/INKEHB N
BT ZHAEMET X v v P~OHBE Y V2 k> THE
LU 2B (1994) 2 & 2 X4 & 2wz, Kikuzawa
& Koike X 28BIT, 1594 7DIXF+ 5, ¥7 5

Classification of tree species based on dynamics of their stem number in 40 years after the disturbance.

Type Tree species Successional status*! Higo’s classification*? Sprouting ability*?
I Quercus mongolica var. grosseserrata late successional B-type +++
Prunus spp. late successional B-type +++
II*s Magnolia obovata mid successional B-type ++
Carpinus cordata late successional A-type +
Sorbus alnifolia late successional A-type +
Tilia japonica late successional A-type ++
Fraxinus lanuginosa ? A-type +++
Salix hultenii var. angustifolia early successional C-type +++
[ *& Acer spp. late successional A-type ++
Acanthopanax sciadophylloides mid successional B-type +
Ostrya japonica mid successional ? +
Alnus hirsuta early successional C-type ?

*1 After Kikuzawa (1983) and Koike (1989). *2 After Higo(1994) : A-type, species with many advance regenerations and high sapling density under

a closed canopy ; C-type, species with few advance regenerations and low sapling density under a closed canopy ; B-type, species intermediate
between A- and C-type. ** Sprouting ability (++ +, high; ++, intermediate; +, low) is judged from Matsui(1951), Shinohara (1960) and Kanno
(1962). ** Species decreased by the disturbance in 1954, but increased after it and had high density in 1994. *s Species established or apparently
increased after the disturbance. *® Species decreased after the disturbance comparing with its relative frequency before it, or established after the
disturbance but decreased remarkably thereafter. ?, Not discussed in literatures.
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Relationships between mean growth rate of DBH and initial DBH during 1989~1994.

BEOFRNTEE-2 LA, ** 1 %KETHE,

Classification of tree species is the same as Table 2. ** Significant at 1 9% level.

JE1x & b2 late successional ETH Y, 1 ¥ A FTixH
TN, TAFF Y, ¥F /) FH late successional FE,
R4/ Fi1X mid successional B, TV /Ny a¥FFi3
early successional E@ETH -7z, 74 S EIZ Z DERTIX
mEIN TRV, MIFZA4 7D5 5, 7&K late
successional ETH Y, ZOMTR Ay 7777 HIH
mid successional ¥, 7 ¥ </ v ./ F i3 early succes-
sional ECTH -7z, BERIZEZXDIE, IXFT7EH 75
BAEK< &, A-type ' late successional BiZxiG L, [F
1 12 B-type iX mid successional #& &, C-type i% early
successional FEIZH R LTz, 7TH T EERBINL TR,
FRIXFIEVIIE (S XY~V T, VYV
Z) 13 B-type DHFTdH A-type 12T\ B 1-type 2 F 5 4H
ENTWwWT, Kikuzawa & Koike QR & 13 I1Z[F CHEA
ERoTWnhbEWZ B,

oDy A THOMBEESMEIE-1ITRLTHD,
% 72 1989~1994 4F F TOMEE DM E R HEE & HH
MEEEORBERE, ¥4 7HICB-2 1R LTz, FEFTE
5DERAREWVD, TRTDY A FTIEOHELED S
120 Z A4 THIOFHMEERKERE X, 1~15A 7T
N FN0.277+0.225,0.171+0.152,0.269+0.239 cm/
yr CEY+E#ERFEE) Tholz, INORXBEEENRD
s (Kruskal-Wallis 88, $<0.001), I BX U5 A
& A FRTE LR > Tz (Tukey DHEHE, p<
0.05),

V. # =

1994 412 B 1 % s W TR 5 51118 Vk JEL T D #E E fiE D
86 % L7, EER 40 ETHI VNV TORRZEIER
HEATHDEEVZ D, FREAFERICHIZCRALMET
1%, 1994 BN H VDR /Ny avFF 18K/
0.25ha) T, FNLUNDOBBEIZIZLAENSEKUATTH
b, EEHLOMSOEIEIZREURNCS L Tl aEs?
FhroTwdnz b, L LERBRESHEAR LG
JTWn3 2 ERFAEBRDOEY A AWM snwz e (F-1),
FAEBICHREEHEP LIS A 7OBESLRKDS 508
FZ50%% D5 (F-2) ZekE»s, Mooy A4 X
RGBSR & Lo B RE TORIE I & 72+ Tk
BwEEZ SN D, 1989~1994 F I I HEFRBEHFE L <
B L TwT, HERAESHEAEEERFIBILL TE
DTV EEZ SN, ZRUEE XEREZ MO E
BRI zO TR Bbh b, HENKE B
BT % & O kBl 22U - RFELESMKOEEICIE, 72
EHEBLELZDOTHS I,

BRECL2BEOBVRIBECL > TELR> T
(£-2), =B (1958) 12k niE, BAEORED LIzIX
YA RIREFEAT, KEREEEOERAS D > Tz, FAEX
KBILBHLEBEDS L, AECLZ2WOIENE LD
Ehole I X+ 71k, BEROMENEESET OHEMET
BeED 57T %% HORESETH o, BZ o K HEHE
THERELSBES > LBbhdd, Z0kdicbokd
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L REOHEELZIIAREMSEZ S b, BREDOZIT
FH MO HEEIC O HEINDIZA 50, SEENE DORE
EHOGICAFTE2ODICE>TRE->TLB2EEZ26hN
2,
BEHRBERF LK E AR TR, RYPRCH D HE
BORRE L, EERBITNIC L D BEERICK S 2HEH
RAET 2, BHEOBEEPIN DD Iz, HERIZEY
Mich 7z D FEET B ERESEVIRIICH 52D TIZ R »
MEFEZONDL, ZDLSBHRERORIEIZ L > THY
Fr o 7BBRENDEDT, TOREZIEHRTE RV,

EEHROBREENREIC b & O REER (X-3) 13, 47
LY BEBERY EOFERX S E—BL Tuidoiz, Mk
WK EWEE, SEOERTAONIZ LS, HEHER
OBRER T BEENTH S Z L3k, $hhsEMOHE
BOBENPFRIUCBREEREETRTEINES RN, ZDIZ L
BARBHBELIC T 2RO RGO TH L L HEZ o
%,

R AERCEEERMIEL I BI VIS A 7iTid,
WEMOFOMENS L EE N Tn5E, BFTEFRT 5
R RBRTH 2 5 N FEOBREND e (1994 £T 2
#/0.25ha), BEERCBREEMSELBEDIZLEAL
BEELHI» S ML T IBEETHL I L2 %25 L,
A E R DOBBOBEIMIRFE TS L T 2 Al HetEr 5
WEEZONS, UZA FELEFTINETAFF Vi
PRIV, E/INEEEE M TIRBASH T OB EE 1 H
WEIETH D (BB, 1994), Zh o BATEMIC L - T8
BEeminsegroTsurtEzons,

M % 4 7 ORsFE 3 EE LRI L~ HEEE 25 L, &
FWI-oTERLIEEL VW2 S, avy 775795
d, CEECAAT ALERMOFTH o L bFIHEH
W FEZ o (R-3), INPHENEEEFEI S
FERO—D Tl uhriftfla s, » 7RISR
HETH %D, Namikawa (1996) K k2 &, v v 7
BFEELLHRNECBNTHA ¥V h o T3 kGERICELEE
Fby, WEREDE VKL BV, &7 BITi48
EEISOERHTH LY, #HE» SRS NIEROKERE
HEIZH - L b/hEw (B, 1994), 2o/ REHI
HIAEHERI DS ER T 2R EL > 2D TRV HEEZ S
nb,

A4 THOVHRERTIRI ¥4 FLY A FHKRE
Mmolz, LELRIEFREEEZRLTWS LWZ 3R
EX05ecm/yrLEOBBIZ I ¥4 7 THL, 5%I1ZZ
DY A 7OREMEEEE > T EEZONS, 2
M-2 OMIEERE & REHEDORBFRED 1 ¥4 7K E
S (1% 47:0.039, %4 7:0.017, Ml % £ 7
0.012), 14 7D3BTHH A XDKEWEEIZ VLD
I XFI7%DT, e U TIRRELFOMME L EE
LWL ERDSH B2,

F-3 IR LB HEREY o, KEEBILZOMADE
¥rizix, Swaine and Whitmore (1988) D4 RERIITEK
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STEEENLETICL 2EE Y VOHET TORGER -
ERRRENIZT TR L, B2 CoBmRETFIUMCL 2 E
FREIZOWTHERTILELDH S I EVIERTE 5,
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