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LT, ZOFEMMNBCS ZHEETFELIERFEEADTAHRD EBAROAEFRE L £ - Ty
5%+ (Regolith) 12iX, AR TED L EMBRORBEN Y T, ThZhOLEE
DONERIRERD Y, KERTF (W -F-F- B OS5H LKL OBRT, BHELTS
CERERTOIDLIR A, L, COXSRtTOBNEEZERMCA LS ET5H
&, BRO—o0HEMAN, FOBRBRTFEIEIATHEIALLOLELT, ToBKREAD
BN CHERERS I CE4OATRENOHEBETHILITELINLHLILELDLRHDT
» 5,

A. G. TansLey (1923) 13, ESCREAL - Efc FoBRF, LMo
BHE - 2R - B BP0 8K F % Geodynamic Processes & LTz, WMEY
Physiographic Factors (b3 HF) ¢ FHL T\ 5, EEDHIX, D Geodynamic Processes
TR - B LEWR - R EOTFRHLAVRECRE. 3 THEEE) L 1T #BKRO
HEBCRIETEALFEARTFLERL W5 TH 5,

Fig. 113, ¥ (1968) M EA 8y L BLET 2 EMIWEEL LT, & S RKEHOMELER DL
LEBUTOERLPBLIELTHWELDTH D,

2F D, K#t, HETEAYEE L TERYRETIEREREL 22, BAREHAOH



344 M E R RERHERTRRE F28% H2F

R
MATHE {yﬁmﬁ

1

% B - Ubin
BEEN - Bl - B4R

L B K

- WEREON N

g 0L

FROBE

mLUBEORIE
TTORKEE - HE - B - Bk
Ralr; L

LA EBREAT

KR BE -

Ll

- WA —

; 2 ‘
@ §F w

I

I I T

EEEEEE]
CIE R

EEREEL

L]

# -
-1k R R *‘{: — T BRI = TR TR
EWRBRIT —

i R A A4
e m{ﬂ'ﬁ R ]

-z:m;;\—[g # ——
L mmn—[

[ 3 m.[ BT IHAR
iif itk A

Fig 1. Plant indications for geodynamic processes.

BRFRY R E THERERFENLRBIRLIOTH S, L, ZOHEE, 100 ELL
HOERIZOWT, LrbRITMAREOEEXNR LTI TH 00, HFEMH, EHE
BFERCL BB E, KRS ZEC LR hicRGCBREOFEL WS Z ki s,
CIRELLCHEMIBED T, TRV BOEBL ML DR IBEHEEbbAD
ERWITTIL, EEBPOEROZ D 7 THOMRRE L, HTX) MCHBR T 5RBICHR
SRBRABE L MELRDZ LD, 2&¥R, ZhbDFERBHTCONWTONTALS,
2. 7THOERRK
BAROERCRETEERFOLLT, [EHRFTIX, BR - xiZhy, #BXERTTIHM
TR0 R, BROAADEUTERCERL, AR2 TS L2835 %, BRLBEC
i, BIARREURLUMIET 5% EAIRKREEERC L VEVMNCTZDES S & LTREHY
MR L, BBIERETS, TNtk HOWRHRL - T, BROEMT HRBAEE
BHbh, A Hem (1932) 1k, BI®HOBIMREL, #HTXI DL )1z LORKICOWTONRT
W5, AL EBRoBBEICIE, REHABRIND, BREESY - KHEFETE, ZO0R
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EHET7TFERL, I9HERNLBHEINRT
Wb (B, 1949), 7 740 S CIEEH
LREBHERYEL, $HEHDO7 T (Com-
pression wood) %, HEFARD T HEICHK
BEOBHELTHbbh, ARETHNL
T\ (Fig. 2), &< OJRKEMD7 7 (Tension
wood) HEFARD ERBIEC R X h, HR
THERAIhLLWEEIRTH3, LaL, 7
THIEXT D MOERE, KRS DA Fig. 2. Developed reaction wood (dark part)
HETEOERZ, ABH T 2RETFORFE on the underside of inclined stems of
ELTEY, BEHERBORB T\, coniferous species.
5, FEBO I ICHBRTELVWIDLIBIWDEIRFIhBERETHAHI,

HELDOE 55 LTHT7 FOERECIE, WHhOI2ABHRKC L 20O ERY B\50D
THBEMD, EHERETHRAINDILEROREH LIIXFIL Tk,

Bed 7 7RIS, KoBARE, faBhdotBNERRS Y, BEoEM
WEE B, T3, BOMEL, ARXOBACHZDT, 22 TRMARNZ LT S,

B, 7HFRESARCHELLIEDTHBELD, 7 FHERCHTH 2 EERERTIER
DERTH D, EHBEENIEIN L, TIHROMBNERE VS D, WEER
R EAXELHECOWTAB L, BELEO¥DL S bONEFLR D,
1. RofEM: HHR BA
2. EoffA: ®HE BE7V-7, kith
3. 44 2RBt, BB WmTY, vIresY -7
4. HBHEHE: BERLOBRS, EXHE
5
6

. ANBEPER: BAEIEE HRIHE

. B0 E: TEHOBEE (RE, ZE1H)

IhLDOEMT, KBREYEAIEB XS ANEL T, BR, sidh, WK, T
b, ZHRIEE FRIFEOL S ionds. BRKAVCEREOBAR, MEXBIRFH
A, ABIERLEx OBACEELRIEL T3,

CHET, BRRID7 7FOHMKCERTIHAERLE VA (A ] Low 1964), A7
Y57 FOMRCOTERI IR LoD, L CHEEBHOFECOWTHLR
Ubhicd DEADIH IR,

Brb (1949) 2l &0 —EEiEICH b bh b 7 7 OBRREBCOWTEAH L b 00, B
BOEREILbIDLORDWTEHNTHLEOEDISIRES,

1. AFOERCT 705 55— RO - BRICEM L, REXELMCHEL T
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230,

2. ABOFERZT7 TOHAHEA—BREKL oo THLEML, BELEMMTEL
TWEWBEIZIE, BABOERCLT 7035 5,

3. PHOERZT TOHLHBE—4EREOD HRNCHENEAL, ML TW230
&, BEEMACEL BB R TLOTH S,

4. 7T OHBRFAR—FHWLBE—T 72 L 0T, BROEMTANEDLD
holcZ EBRLTWAS,

5 77 OWMERIGEANEALL TH2BE6—EBROEMST AR L EWEEbo b, BE
LicZ xR LTW5B,

BBRENECKS T, 778X VO MABEL T BB oW TR, BRIC
L2 TAELHB TN OBMBEILOBCHI bbb ELTWAER, EFMELTHITOILD
Dixis\v, PiLow & Luxrorp (1937) i3, S5EBIC 7 F ORI AN 180° L EFEL T\
Spruce D% HIF, TOREECOWTEIRATH 5 & DNT3, BHI6 LU Puow H o
RANDLHEBEIRDZ L, ZThETO7 FOWRL, HREMNORERE L TROZENRK
Mo, MREEBCIXELALBEOIATILRATHRELSRI ETH S,

HED 11 1964 F LU, LEEAOHL VTN 0T, MBREME 7 FOMRICOWTH
N, WIRNDHMIC KT AHEEOBELPARYE,I DD LN TE R, BEOIHEDEA M
TROHMOBIEHTBLEOEDLDOMND B,

1962 4¢ 10 A 17 H4FH; 10 B 40 it
FEERILER ZIRET S s\ TR L o B iR T
NH T, EBESA 80m, KFEFH 100 m
OBEM LD H 5 =Y ATH QOE4E) ©
ABK6 K1, Fig.3wwxi 11X 51019644
12 A 11 BREFEE TR 2AEO7 7H#
NHEFCHR I T (RiEh, 1965),

Fi, 1966 424 H 19 B4R 8 85, Jb
BT EINEC S W TRRE L KL B
TROHTIL, KEHFRCEA 45m BEIL
o3 B b F = RARMK (80~115 F4E) @
RKEAK 4K, Fig. 4 WrT X 5121969 4
973 HkEMNERE TR, 44ERHOT TH
ZIHZ F R T (- BH, 1970), ! —

COWEORBAL, WFRLHTND Fig. 3. The abnormal ring (1963) suggests that

the tree (Larix leptolepis) was inclined
LX o THBRAMUAICERLE S DEsd by landslide at Oct. 17, 1962 in Otobe.

) 10cm
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Fig. 4. Relation between reaction wood formation (1966~1964) and the
stem inclination by landslide at Apr. 19, 1966 in Koganeyu.

Sample (Abies sachalinensis) No. 1, 2, 4, 5 were collected in the
slided area and No. 3 was collected contiguous intact area, at
Sep. 3, 1969.

T, KEhOKED X SAMCHEHMLIZh D TRV,

7=, 1962 £ LU, JtEEO - DML, 1954 EORBAERD L 5 e KRB A RELEE
LTuwisnl, EEBHmXoBEmMIzBEEL T\ 5 REH» LB R (No. 3) i, Fig.
AR T X 51 1966~1969 £ 7 THABR IR THiWZ Ehb, ZOBFIEROK
CoWTIEE LS TL I W EHKI RS, 20, ChHORBROT7T FHABFLRDOL S
HRERTCL > TTELLDO TRV LIIALNTH 5,

UED X5, BREEROELMAMTN)BOETRCOWTHRFAT 2 HEL, A0
EREBTEECh, THELALOLRAIL I RS, 22T, COREY—BLM NI
BT, P F=YEROT T MR EMERIC X » THEN TR, Tihbb, 196857 21
R L - ERAEABOMEREY, 1EKO 196944 A 25 g 30° HF S, Thit&
o TEMLEBEABSRAETL CWBEYBETS L &b, 19694 12 A 22 Hic, HEH
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BED LS TT 7T OMRRELHANI, %

DREFEMECE, ERMOT 7H, EH
LicBiBO THIC R S h, SEOHT~

b
As DBHTOMN E—RL T3 C & i
WAHZENTET (E - B, 1970),
\ T, BRo—EEECH S
\\\ \ 77 OMAEAR L EORERC T,
c d RS, WRHFEE & bICEEEL, £
B

Bs Hyrc M RO HE L Use, Fig. 5icmt &
‘ 57 AR, As®, BE, BsHoD 4 AR
EXEDOEFHIZ OWTHRTH 0¥ L

P> BOTHD,
\\ //f-_ \ 1. AZl: B R A
\ f EAAR B Bl X 5 ¢, BER

A+ A B + A WEMAES E5EERTcH D, KBERD
Fig. 5. Standard (a~d) and compaund (e, f) AW T, BEZCEELIR Vb,
types of the abnormal rings for tree- EELTHEDCT FABKRIND, BERY

ring analysis.

a: Decreasing type, b: 1 year type, c: IBRERSES - BETH D,

e

Summit type (gradually started to 2. AsHl: 14 ®
change), d: Increasing type, e: Same )
direction and discontinuous f: Dif- A ﬁ@ﬁ%zﬂf, HEI LT 1ER

ferent direction and continuous

Hoiz, BEvfcBETL284TH 2,
BREROEENEI L &, HEVIARDBRWEECLZLAS,

3. BRE: WHEzEL

BRERSLZEWEEML, LAtk 5hibh, TO3HECHER IR E T, B
BREMI A NAERT D L, ABLARCEETIBR IS,

4, Bs®U: i 15 A

BROKZHMT, MBLEMNIEIANINERT S L, X bREYMACEE T 5 HE T
»%,

5. ® & H

FEAROMEAGHY T, HEif - T, FHE - Z2HH, HEEKCZI-T, Wbl 3
L DA EbeLicD,

7 7 ORI, REtOXTFRCHHE, Bty 128 L L, HMl% 35, B4 65,
FARlZ OB L L ThDbbLI, Fh, 7T7OHERE L ABRED > 2T, HMMLEE%3
BRELLTPE), MFh), SE) LLTHbbLL ERBITESR),
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22T, BRE, BsBROEEL, BWAOEMEEMY > bEbi gL E s
BECHEINE7 7T, AR, BEOBEERIANAHERLLBE, BAD B E i
bESWTHREhD T 7 THE0D, ZOANYHEEDHCREATILOL TS L, WiE
RHBEBOFHEL T 282, BESIHELEBHORIEL CW2HE2S 5T L0 L%
ZBHIENTED, LIEH-T, ANOERAERNBL S L, BEFIEEMOHBRI h b4
R 2 OANOIERLEL > ERERBORCZ T2 it 5,

O EDRFERBLAETRELLNDIIR, 7T OHEANDOERER L » LR E
he2LThsb. BRAOERKEHMTH BREDKDOA N (AR, EFBOHT <) &, Y
FORON T BEHEOHT D) LI BRERLT 7%, BEMCRANT2 2 L3 Fnl
Vo i, ARBRBMOBMBEMOMBLOWTLI+HoBEY L L2 TWEVWOT, ThE
TDOEZH, HNDIERFERET 7OBRERNTRT—HLTWBHERD I LIETERLD
THD, FHBOI 2 THPI L 1EOThERZATENRFER DR, 0L,
WEEBHOBEICOWCTERNSBRHE I 2ESE DRI REEL b,

3. XFEHEOERRHK

HIXOBMOBESHD DI, BEBBIC X 5 HERLG T, BB ER L MHIE
L7cHER, BBZOYUROBHEL L5125 ENTERVADIR, RECHROEABE
DRAFREPHEELCS G ERKED, Lo T, ZORMERED oIz, <ok
AR BT 2 REABRACERL, EWBEEOVO L 2L LT, BAENRLBEHBOMRERDE
FxRD, T EEORFMPYERLE L HEL L,

IMALPDRRZ L - TSR TED &, ZIRBIARILHEDABELESET S, o &
TWORMEE, FBHMPRER BRASHEEEDO X5, FRLTssbhSHi%
WUy IEKERRAHAVG IO X 5 I EOBRRCREOB - miE L XK FEh b, BHcBAL,
BRBOLERMET S bivs TEET HHM Y LEMY (Pioneer plants) & X A T35, =
DEOHEYIBFORBNINKRE N Z LI L BEND 5, b LEKAO RN/ NEREETH
L, DTLLEBREYDOR NGB E AL BAT LI TR, BADOHEERTHLE
TOBBLKGARABREINS &, SBOMYNTEET 5. HEMECIHHEET b
MEOMEM - £H - HAL L WABEOMEREETS Y, KEEHLID2D - BUEFD
BErREHET S,

® (1967) 3, B EOHBEHMTHELARLIBHCOLTOX¥DI58b0 2 T T
w3,

1. AR XA2RARE

2. BEAKCLIEEREA

3. W LARLOEERE

4. BERLOBMBITE
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5. BMEBBICHSREARA

6. BBEFNOREAR

7. BREBECI AERRBZR

8. BEERBEMOBE ) KERA :

IhOLORMBRRKERNZCL DR E, BTFOEFEAYREC TS, Lirl, FHOE
MORER, B - \EO Egiik, BFTCHEN 2 R E) A (immovable spot) 235 b, %
DEFPCRAREOG D 5, REMBDL VBRI TE, BEHDTEBEY - OMD
BREPCbThbIhiws, BTFRFCLELKFTH S ERoWDI, TOEERDE
ROVWHLU B LVEBHEHDORZ S ZEFTHS, Fig. 6 COHRACLERFHEYEXHTR
Lice ZHIZRBOYENEHOBERN LS 5bTLOT, TEHRAOFERRYMFAL T
5, K, REODES[CIMARRLMEEFRELNPLTH - lcde, BHORLBELHE
RADBGRITE BRI T gV, ABEACAS &, HEOFERIRLBEOERLYRT
ERAIEEE (Factor indicators) & E 2 bh B0 b, ABNREEEAORERICL, TOREY
EnZF bt ibhs,

Bare area

Immovable spot — Ececis

;| Humidity — Germination —Growth —Reproduction

Migration
|

Lsurface condition-

Fig. 6. Relation between ground surface conditions
and invasion of plants.

HL OBMRIIKCE T2 BAT 5, BplE R, BF BTFORFTLEHEE Cg, HE
B EC X > TRLIBEBHL, BEFIAHOMHMCHLKIRAY, BHRLL Y LTHRFT
ERVCBERE . VWolE), WE (LEETS BTH) CETXEMAT 5y ¥EHEY T
3, BHBREBARCTL - CRFREAFELLIRIDNEZATREE LRV, Y FROET
IXRIRMEE 2B S, 222G TH D2, L LKFEBERD S hiut, 24~8 BRI TRFRET
THEOCOER LTS, A

Fig 73 v 7> ¥ORBTOFHITOWT, ERORBFRRC L - THLDLATHS (F -
#iR, 1970), ZORTHAB ISRy IX¥FFFHAVFF A X2 Y ¥+Fp, HIFEMKA
KL SECEFENMETT LI IR LD LATED, &8 LClBNC &
D, 1ADKERSTLIRBIICRERD DI EDL, Lo RARBRTEFOBROFEMLE
HOTHEHWZ L5,
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100 ¢

X

Rate of (énerminction
o

Fig. 7. Life of seeds of Salix sp. (from May to June in 1970)

¥, Y FREPHOBRPITTE ., LT, Y FHOBARHYDEIY L OB
WO HBEERLHEETHORCENTH 5, SHRBOMT N0 -0, WLz
DEFIEZNT D FH, 1968), FioKIUPDBHFHCEWTL, BROLTFOBETFAREFLL
B LPbhD Y FEH (Salix sp.) ® F v/ *+ (Populus maximowiczii) @ F A RITHYS IS,
—RCERL T2 B bbhPT U AKILPDEEHTL, SO TIMRE E T4t
FRTWBDTHD, EELIRXIREERD THLTHR) L&A THW5%, 20X 57HL
HUBERH T, BREHOFEREFEHEI KL TW25523% - (H, 1964),

BRI ARARAORGNE, 1945 Fic AR L BRFILC S THRB 2 EnTE D (K,
1968¢c), HAMMPFMUEIZIL, Fr2 22X THEL, 1 XYY FF, FHFAVFF, <y
aXFF, AVAEH ~vIFRE A2 H=F, AVIREN, =VIEF, FAFTF, F
FARFY, sl biREFEEL TS,

—BCER LT, BREBCAFIL B bh 2By > FREDOL &%, F
BBk ibhds, £REYTH S ¥+ FRHEDE, BTOREIAKRENZLE, &
BHEDEOBRFCHHZ EABHTH D, TOLDREER bR ICIER L 2 &35,
BEEOBHIZBALST W L2 HPiE- T 5,

PRz oRic X S, B RAT2KEREDEREN %, KE-OBEMIER I
DZHTNOHICHEHRTHI EIC L »C, MARBEREET 2 X 5 ABBOREY, B
EENDBEENTEDLDTH %,

4. WENRBOBME
1964 SELIHE, O L DOREICE T, HEHE S OB 2R L oK %, HFRsgite
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¥
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1 ® Kamiotoineppu

Minamihoroka o o © Rubeshibe

Sekihoku
o Shiranuka
m Koganeyu ® Onbetsu”
® Furenai

Otobe

Fig. 8. Dots represent apporoximate location of slides
investigated.
Table 1. Investigated sites and samples
Site Onbetsu I, II Kamiotoineppu Furenai

Geology Tertiary Cretaceous Tertiary
Orientation of slope | S~SE S E

Gradient of slope (°) { 10~35 10~40 5~30

Snow depth Shallow Deep Shallow

Date of collection

Sep. 1~Sep. 5, 1965

Sep. 21, 1964~ Sep. 30, 1966

Jan. 27~Mar. 30, 1965

Species Abies sachalinensis | Abiessachalinensis, Picea jezoensis| Larix leptolepis
Number of trees 18415 25 36

Inclination of trunk | Moderate Slight-Pronounced Slight-Moderate
Tree age 29~106 68~130 about 15

Tree hight (m) | 2.0~15.0 10.5~13.0 10.5~13.0
Diameter (b.h) (cm)| 6~26 18~23 11~18

LCEY, #TROMOEBIZHOVWTERE L, TALOW ML, Fig. 8RRl 5T,

JevgE A, KRB EF R TR (Kamiotoi) OJtihE RFS )T EEM, 5 187 I
&, dedEEEE, FH LRMER (Onbetsu) OJu#iEE A ARIHBEFREX 10 BRI, 4P L,
JeHEE S, WP RMIRA (Furenai) O =HAK#M KK. HHEKRTH 2,

FHOBEL, RPORIEY Table LR U1z, WM, R LT wHH
DERTE AR, BEER, M, B, ThornFEEL, —RLTHIRVOERTH D&
B IO, L OBBREETEAL, L, BIELBEBROVUTIRRD ST h
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S OBERTEI IR TS X 57 REL AT bhi,

Kamiotoi iz L= v BEHCEL, $IARZORAKT, 2 2 TiX, 1964 25 1966
FERHF TS IECHIEVBKS~I0KD F F= YR8 L0= =Y %ilBARE L THIRRL, &£
WY 2 1T78 5 12,

Onbetsu |1, HHEZRFHNEHCEL, SEELORRKT, I Tk, 196548 iz,
1E8HTI8K, 2EMTISAD b F=Y #RABAKE L THRL, ERENT 2T

Furenai i3, FE=SRIEBCBEL, » 7<= ALKT, 22T, 196541 A»H3 A
T, 36 RDOHMBANHLEEEIRL, FRET LT,

Table 1 IZ5{R L7 X 5z, Kamiotoi & Onbetsu DRFIRITTRETH BT, FAFR
OEBNE L, X620 Tk h, A—#kgc, BE - - WEERL L A5 TV 5 Furenai DR
REMBHTH 5,

0 100m

Fig. 9. Plots of samples (1~18) in Onbetsu-1
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Fig. 9, 10, 11, 121, &Huc ki 3 RABPROMELRLIcbDTH S, Kamiotoi TiT,
TN O HOEWHO L 51, BEHNEFLVERSLbh3BATIRALED b ¥~V sidix
<, BRARE+HITERIUTE faho T,

Onbetsu Tit, 18M, 25HEd, <A FPREABREEEL 72, ¥/, Furenai T,
MREOERLERS 154 b b AMAEHY > F Ty 2w db - T, EfPHCRE
TNIEBAS, FEMICETEL TCOLLDE, FOBFEENT, HL ORMRLYHERTS
ZENTEL,

CRBORERICOVLTIE, TRT, R ESLBEAILOEFE S THRIT L2, BR
1B A B SRR A0 SR DL TR BT L e » 12,

? 1,
/ —

?;:/_,

SRR

| ——————— 250

0O 100m

e—

Fig. 10. Plots of samples (1~15) in Onbetsu-II



Fig. 11.

BAFERE» LRI MOER (H-EE-FH-H39)

Plots of samples (1~25) in
Kamiotoineppu.

0 50m

Fig. 12 Plots of samples (1~36)
in Furenai.
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ERBITOER
HBHT XD HIC S\ TEIRU R, 770 EREE : URFR  BERS L O
FEREFBOBOCOVTHRL, —ERCE LT,
FOkEHEIL Onbetsu 1 5H#i% Table 212, Onbetsu 2 B#1% Table3 iz, Kamiotoi %
Table4 iz, Furenai % Table5Z/xR1L 72,

Table 2. Annual ring analysis (Onbetsu-I)

No. 1 1928%*
Type B A B B
Grade* M P P P
Direction 6 6 6 6
Beginning| 1932 | — | 1945 | 1049
Year |Summit | 1933 | 1939 | 1947 | 1954
End 1934 | 1944 | 1948 | 1965
No. 2 1909
Type B
Grade* P
Direction 6
Beginning| 1939
Year | Summit | 1948
End 1965
No. 3 1896
Type A B A B A
Grade* P S P P M
Direction 4 12 12 12 1
Beginning| — | 1927 — | 1946 —
Year | Summit 1924 | 1928 | 1939 | 1952 | 1963
End 1925 | 1930 | 1945 | 1962 | 1965
No. 4 1918
Type B B A B
Grade* S S P M
Direction 9 9 9 8
Beginning| 1919 | 1927 — | 1944
Year |Summit | 1922 | 1938 | 1941 | 1948
End 1926 | 1940 | 1943 | 1953
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No. 5 1891
Type As B
Grade* P P
Direction 6 9
Beginning — | 1942
Year | Simmit 1904 | 1945
End — | 1946
No. 6 1902
Type Bs B
Grade* P P
Direction 12 6
Beginning| (7"83) | 1938
Year | Summit 1937 | 1953
End — | 1964
No. 7 1894
Type As A B
Grade* P S P
Direction 12 7 1 1
Beginning| — — | 1935 —
Year |Summit | 1896 | 1906 | 1937 | 1939
End — | 1923 | 1938 | 1956
No. 8 1897
Type As Bs A B B
Grade* P P P
Direction 12 10 12 11 10
Beginning — | 1922 — | 1930 | 1939
Year | Summit 1921 | 1927 | 1928 | 1932 | 1943
End — — | 1929 | 1938 | 1961
No. 9 1898
Type A B A Bs A
Grade* S P P S M
Direction 3 2 2 2 12
Beginning] — | 1931 — | 1943 —
Year | Summit 1921 | 1932 | 1936 | 1945 | 1946
End 1924 | 1935 | 1942 — | 1957
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No. 10 1913
Type As B
Grade* ) M
Direction 11 11 11 11
Beginning| 1942 | 1948 — | 1959
Year | Summit | 1943 | 1951 | 1956 | 1963
End 1946 | 1953 — | 1965
No. 11 1936
Type As B A B
Grade* P P P P
Direction 10 5 2
Beginning| — | 1940 — | 1951
Year |Summit | 1939 | 1943 | 1945 | 1955
End — | 1944 | 1950 | 1963
No. 12 1901
Type B A A As A As A B B
Grade* M P M M P M M P P
Direction 4 4 4 11 8 8 6 6 7
Beginning| 1903 — — — — — —_ — — | 1957 | 1961
Year | Summit | 1908 | 1915 | 1920 | 1930 | 1942 | 1949 | 1952 | 1954 | 1955 | 1959 | 1964
End 1914 | 1919 | 1929 | 1933 — | 1951 | 1953 — 11956 | 1960 | 1965
No. 13 1905
Type A B B B B
Grade* S S P P
Direction 2 7 7 6 2
Beginning] — | 1923 | 1930 | 1939 | 1946
Year |Summit | 1915 | 1925 | 1935 | 1942 | 1947
End 1916 | 1929 | 1938 | 1945 | 1964
No. 14 1887
Type A Bs Bs B A A
Grade* S S S M S S
Direction 3 4" 3 3 3 3
Beginning] — | 1908 | 1910 | 1918 — —
Year |Summit | 1897 | 1909 | 1911 | 1939 | 1947 | 1951
End 1904 — — | 1946 | 1950 | 1960
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No. 15 1906
Type As As A B As B
Grade* S S S S S
Direction 5 5 10 11 11 10
Beginningj — — — | 1935 — | 1949
Year | Summit 1911 | 1914 | 1919 | 1937 | 1945 | 1950
End — — | 1934 | 1944 — | 1954
'No.16 ‘ 1887
Type A Bs Bs Bs B B A A A
Grade* P M M M P P S M M
Direction 12 12 12 11 11 11 11 11 11
Beginningi — | 1913 | 1924 | 1931 | 1933 | 1941 — — —
Year | Summit | 1901 | 1916 | 1930 | 1932 | 1935 | 1942 | 1947 | 1950 | 1961
End 1912 — — — | 1940 | 194 1948 | 1952 | 1965
No. 17 1885
Type B As A B
Grade* M P P
Direction 5 4 4 12
Beginning| 1892 — | . — ] 1930
Year | Summit | 1895 | 1900 | 1903 | 1935
End 1896 — | 1906 | 1942
No. 18 1886
Type B B B A
Grade* M S S S
Direction 1 1 1 1
Beginning] 1915 | 1922 | 1927 —
Year |Summit | 1918 | 1923 | 1928 | 1941
End 1921 | 1926 | 1929 | 1942

* Grade P : Pronounced reaction ‘wood
M: Moderate reaction wood
S : Slight reaction wood
#* Beginning of the ring
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Table 3. Annual rinig analysis (Onbetsu-II)
No. 1 1896
Type B B As A B
Grade P P P P Pl P
Direction 7 9 11 6 9
Beginning| 1902 | 1915 | — | —| —| —] 1949
Year | Summit | 1910 | 1922 | 1937 | 1940 | 1946 | 1947 | 1958
End 1914 | 1926 1939( 1945 - 1948 1965
No. 2 1916
Type As Bs As A A Bs
Grade P M P P M S P
Direction 12 2 2 1
Beginning| — | 1937 — — — — | 1958
Year | Summit | 1921 | 1938 | 1939 | 1946 | 1950 | 1954 | 1965
End — — | 1945 — | 1953 | 1957 —
No. 3 1927
Type As As Bs Bs A Bs
Grade P S P P P M P
Direction 12 10 11 2 3 6
Beginning| — — — | 1943 | 1947 — | 1964
Year | Summit 1932 | 1935 | 1938 | 1944 | 1953 | 1954 | 1965
End — — | 1942 — — | 1957 —
No. 4 1906
Type As As A Bs Bs Bs Bs B B B As B
Grade P S P P P S S M P P
Direction 6 6 6 6 6 6 6 3 3
Beginning| — — — | 1914 | 1919 | 1922 | 1927 | 1932 | 1936 | 1947 — | 1952
Year | Summit | 1909 | 1911 | 1912 | 1918 | 1921 | 1926 | 1931 | 1933 | 1940 | 1948 | 1951 | 1955
End — — | 1913 — —_ — — | 1935 | 1946 | 1950 — | 1958
No. 5 1907
Type A As A B B Bs
Grade P P S M P
Direction 3 12 12 12 10
Beginning, — — — | 1937 | 1944 | 1964
Year | Summit | 1910 | 1919 | 1932 | 1938 | 1950 | 1965
End 1913 — | 1934 | 1940 | 1951 —
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No. 6 1907
Type Bs B B
Grade M P P
Direction 4 6 6
Beginning| 1918 | 1935 | 1951
Year | Summit 1920 | 1941 | 1953
End — | 1950 | 1955
No. 7 1908
Type Bs B B B
Grade S S P
Direction 6 6 6 6
Beginning| 1928 | 1935 | 1942 | 1953
Year | Summit 1934 | 1937 | 1946 | 1958
End — | 1941 | 1952 | 1963
No. 8 1919
Type B B Bs Bs
Grade P P P P P
Direction 1 9 5 5
Beginning| —'| 1937 | 1942 | 1958 | 1964
Year | Summit 1935 | 1938 | 1946 | 1963 | 1965
End 1936 | 1941 | 1947 — —
No. 9 1909
Type B B Bs Bs
Grade P P P P
Direction 12 12 8 8 6
Beginning| 1910 | 1927 | 1934 | 1941 — | 1955 | 1964
Year | Summit 1920 | 1929 | 1937 | 1942 | 1950 | 1956 | 1965
End 1922 | 1933 | 1940 | 1949 | 1954 — —
No. 10 1859
Type A A B B B B
Grade P P P P P S
Direction 5 6 5 5 5 4
Beginning| — — | 1891 | 1907 | 1932 | 1943 | 1957
Year | Summit 1873 | 1878 | 1892 | 1913 | 1935 | 1946 | 1959
End 1877 | 1890 | 1906 | 1931 | 1942 | 1952 | 1962
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" No.1l 1886
Type B B B B
Grade S M |
Direction 4 7 4 12
Beginning{ 1903 | 1918 | 1931 | 1942
Year | Summit 1905 | 1926 | 1935 | 1953
End 1910 | 1930 | 1941 | 1963
No. 12 ' 1920 i
Type A Bs A B B Bs |
Grade p|lep|p|P|P]| P
Direction 6 | 4 2 | 8| 5 | 6 ‘
Beginning| — | 1935 — | 1946 | 1953 | 1961
Year | Summit | 1933 | 1939 | 1940 | 1948 | 1958 | 1964
End 1934 — | 1945 | 1949 | 1960 —
‘No. 14 1001
Type Bs :B B B B A Bs
Grade M P P P S M P
Direction 8 2 2 2 4 1 11
Beginning| 1904 | 1915 | 1924 | 1935 | 1947 — | 1964
Year | Summit | 1909 | 1922 | 1926 | 1943 | 1948 | 1960 | 1965
End — | 1923 | 1934 | 1944 | 1950 | 1963 | —
~ 15‘ v
Type —
Grade -—
Direction —
Beginning
Year | Summit (Normal rings)
End
No. 15 " ‘ 1888
Type —
Grade —
Direction —
Beginning
Year | Summit (Normal rings)
End
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Table 4. Annual ring analysis {Kamiotoi) -
No. 1 1878
Type As Bs B
Grade M S M
Direction 12 12 9
Beginning| — | 1881 | 1884
Year | Summit 1880 | 1883 | 1899
End — ~— | 1902
No. 2 1869
Type Bs
Grade S
Direction 9
Beginning | 1888 | 1893
Year | Summit 1899 | 1895
End 1891 —
No. 3 1885
Type Bs A Bs A
Grade S S P P
Direction 12 12 12 9 ‘
Beginning | 1898 — | 1938 — i
Year | Summit 1899 | 1901 | 1951 | 1952 ‘
| End — 1902 | — | 1964 |
No. 4 1875 (Heart rot)
Type B B B B B A
Grade P P P P P
Direction 6 7 7 7
Beginning| 1875 | 1922 | 1925 | 1942 | 1951 —_
Year | Summit 1900 | 1923 | 1936 | 1949 | 1954 | 1963
End 1920 | 1924 | 1941 | 1950 | 1962 | 1965 )
No. 5 1865
Type As As A Bs B Bs Bs Bs B A As Bs
Grade P P P P P P M M M M M
Direction 9 3 3 3 3 3 3 3 3
Beginning] — — — | 1884 | 1886 | 1892 | 1894 | 1897 | 1899 — — 11907
Year | Summit | 1869 | 1874 | 1878 | 1885 | 1887 | 1893 | 1896 | 1898 | 1900 | 1902 | 1906 | 1908
End — — | 1880 — | 1891 — — — [ 1901 | 1905 — —
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Serial
Type Bs B Bs B B Bs
Grade S P M M P P
Direction 3 3 3 3 5 1 11
Beginning| 1909 | 1912 | 1921 | 1924 | 1935 | 1952 | 1956
Year | Summit 1910 | 1918 | 1923 | 1928 | 1948 | 1955 | 1964
End — | 1920 1932 | 1951 — | 1965
No. 6 1866
Type As As B Bs As Bs Bs Bs B B B
Grade M P S M M S P M
Direction 7 7 7 12 9 12 7 12 10 10 10
Beginning —_ — | 1880 | 1884 — | 1888 | 1891 | 1894 | 1897 | 1913 | 1922
Year | Summit 1872 | 1875 | 1879 | 1882 | 1886 | 1887 | 1889 | 1893 | 1896 | 1908 | 1916 | 1923
End . — 1876 | —|1883| —| —| —| —| —|1912'| 1921|1924
Seriél
Type E Bs Bs
Grade P P P 4
Direction 10 5 3
Beginning| 1925 | 1947 | 1953 —_
Year | Summit 1930 | 1952 | 1959 | 1960
End 1934 — — | 1965
No. 7 1860
Type Bs Bs B B B As
Grade S S S M P
Direction 3 12| 12| 2 1 1 |1 10
Beginning| 1900 | 1904 | 1910 | 1931 | 1944 — | 1953 —
Year | Summit 1903 | 1909 | 1914 | 1935 | 1948 | 1952 | 1955 | 1958
End — — | 1923 | 1937 | 1951 — | 1957 | 1965
No. 8 1858
Type Bs Bs B Bs Bs Bs As Bs Bs B Bs
-Grade M M P P S P S P P P P S
Direction 8 1 8 5 8 2 5 2 7 7 8 9
Beginning | 1858 | 1860.| 1862 | 1872 | 1874 | 1877 — | 1881 — | 1892 | 1919 | 1927
Year | Summit - |{ 1859 | 1861 | 1866 | 1873 | 1876 | 1879 | 1880 | 1884 | 1885 | 1894 | 1924 | 1931
End —_ — | 1871 — — — 1 1886 — | 1926 -—
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Serial
Type Bs Bs B Bs Bs B
Grade P P P P P
Direction 10 10 10 10 11 10
Beginning | 1936 | 1938 | 1941 | 1944 | 1950 | 1953
Year | Summit 1937 | 1940 | 1942 | 1949 | 1952 | 1959
End — — 11943 — — 1 1965
No. 9 1918 (Heart rot)
Type A B B B Bs
Grode S P P P P
Direction 3 2 2 6 4
Beginning — | 1936 | 1941 | 1953 | 1961
Year | Summit 1918 | 1938 | 1948 | 1955 | 1965
End 1929 | 1940 | 1952 | 1957 —
No. 10 1866
Type As As As Bs Bs B Bs B B Bs B
Grade M|pPp P |P]|P | M|s|M|P]|P
Direction 7 ! 8 8 8 5 5 7 9 9 9
Beginning| — — — | 1885 | 1889 | 1893 | 1913 | 1918 | 1935 | 1941 | 1949
Year | Summit 1871 | 1878 | 1882 | 1888 | 1890 | 1896 | 1917 | 1921 | 1937 | 1948 | 1955
End — — — — — | 1900 — | 1922 | 1940 — | 1965
No. 11 1842
Type B B As Bs As A Bs Bs Bs B B B
Grade P P M M ‘M M M P P P
Direction 7 7 7 7 1 7 1 1 1 1 1 1
Beginning| 1843 | 1849 — | 1859 — — | 1867 | 1872 | 1877 | 1885 | 1896 | 1904
Year | Summit 1844 | 1854 | 1858 | 1861 | 1863 | 1864 | 1869 | 1874 | 1879 | 1891 | 1898 | 1905
End 1848 | 1857 — — — | 1865 — — | — | 1895 | 1903 | 1906
Serial
Type B B A A B
Grade M M M
Direction 1 1 1 1 1 1
Beginning| 1907 | 1915 — — | 1930 | 1946
Year | Summit 1908 | 1918 | 1923 | 1927 | 1942 | 1952
End 1914 | 1922 | 1926 | 1929 | 1945 | 1965
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No. 12 1902
Type Bs As As Bs Bs B Bs Bs Bs B
Grade S M M P P P P S S P
Direction 3 3 3 3 4 4 2 6 6 6
Beginning| 1910 — — 11919 | 1925 | 1935 | 1937 | 1943 | 1950 | 1955
Year | Summit 1912 | 1915 | 1917 | 1921 | 1934 | 1936 | 1939 | 1949 | 1954 | 1959
End — — — — — — | 1942 — — | 1964
No. 13 1835
Type A A As A Bs As Bs Bs A B B B
Grade S P P P M S S S M M M
Direction 5 2 2 4 5 5 5 5 5 3 5
Beginning| — — — — | 1884 — [ 1917 | 1926 — | 1946 | 1945 | 1955
Year | Summit 1862 | 1871 | 1878 | 1882 | 1887 | 1894 | 1918 | 1927 | 1935 | 1942 | 1948 | 1961
End 1868 | 1873 -— | 1883 — — — — [ 1936 | 1944 | 1954 | 1964
No. 14 1897
Type As A A A B B B
Grade P S P P M P
Direction 11 9 10 10 10 10 8
Beginning| — — — — 11929 | 1938 | 1951
Year | Summit 1907 | 1908 | 1911 | 1921 | 1936 | 1943 | 1959
End — 11910 | 1913 | 1923 | 1937 | 1950 | 1964
No. 15 1869
Type As B B Bs B B B B A B
Grade S | M| M|P M| |M|P
Direction 7 7 7 7 9 9 9 9 9
Beginning| -— | 1887 | 1893 | 1902 | 1905 | 1915 | 1925 | 1931 — | 1954
Year | Summit 1880 | 1889 | 1897 | 1904 | 1909 | 1919 | 1926 | 1932 | 1942 | 1955
End — | 1892 | 1899 — | 1912 | 1924 | 1930 | 1935 | 1950 | 1964
No. 16 1891 (Heart rot)
Type —
Grade —
Direction —
Beginning
Year | Summit (Normal rings)
End
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No. 17 1887
Type Bs As As B B B B Bs B
Grade S M P P S M
Direction 2 2 2 4 9 10 10 10 10
Beginning | 1908 — — 11918 | 1930 | 1938 | 1945 | 1959 | 1962
Year | Summit 1909 | 1912 | 1916 | 1921 | 1934 | 1940 | 1950 | 1961 | 1963
End — — -— | 1924 | 1937 | 1944 | 1951 — | 1965
No. 18 1857
Type As As  As As As Bs B
Grade M S M o P M M
Direction 5 6 2 4 5 7 7
Beginning — — —_ — | 1880 | 1958
Year | Summit 1870 | 1871 | 1872 | 1875 | 1879 | 1883 | 1963
‘ End — — — — — — | 1965
No. 19 1836 (Heart rot)
Type A B B B B B
Grade S l M P
Direction 2 ‘ 1 1 12 12 2
Beginning| — | 1920 | 1924 | 1930 | 1946 | 1954
Year | Summit 1914 | 1922 | 1928 | 1942 | 1948 | 1959
End 1915 | 1923 | 1929 | 1945 | 1953 | 1965
No. 20 1851
Type As As A As As As A
Grade S S S S S S S
Direction 6 12 6 6 6 6 6
Beginning — — —_ — — —
Year | Summit 1852 | 1853 | 1856 | 1863 | 1865 | 1867 | 1870
End — — | 1860 — — — | 1871
No. 21 1851
Type B As A As As As As A A A Bs Bs
Grade M M M P P M S S S S S
Direction 5 12 6 12 6 12 12 11 11 10
Beginning| 1870 _ — — — — - — | 1917 | 1922
Year | Summit 1871 | 1873 | 1875 | 1877 | 1880 | 1882 | 1884 | 1891 | 1896 | 1906 | 1919 | 1923
End 1872 1876 — — — — |1 1895 | 1903 | 1910 —
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No. 22 1835
Type A Bs As Bs As As As Bs B B B Bs
Grade P S P S S S S P P P M
Direction 5 3 3 4 4 4 4 4 3 3 3 1
Beginning| — | 1841 — | 1852 — — — | 1858 | 1871 | 1878 | 1893 | 1898
Year | Summit 1839 | 1843 | 1847 | 1853 | 1855 | 1856 | 1857 | 1859 | 1872 | 1884 | 1894 | 1904
End 1840 — — — — — — — | 1877 | 1885 | 1895 —
Serial o
Type Bs B B
Grade S M
Direction 2 2 1
Beginning| 1920 | 1937 | 1953
Year | Summit 1921 | 1938 | 1959
End — | 1939 | 1966
No. 23 1899
Type —l?vw_ﬁ B
Grade S M
Direction 1 1 12
Beginning| 1935 | 1953 | 1959
Year | Summit 1936 | 1956 | 1961
End 1938 | 1958 | 1966
No. 24 " 1892
Type B Bs B B B B B
Grade M S P P P
Direction 4 5 4 4 4 1 12
Beginning| 1910 | 1920 | 1923 | 1933 | 1940 | 1954 | 1959
Year | Summit 1918 | 1922 | 1924 | 1936 | 1948 | 1956 & 1961
End 1919 — | 1932 | 1939 | 1950 | 1958 | 1966
No. 25 1838
Type As  As B B A B A
Grade S P P P P P P
Direction 9 7 7 7 7
Beginning — — | 1916 | 1933 — | 1946 —
Year | Summit 1850 | 1853 | 1923 | 1936 | 1942 | 1950 | 1954
End — -— | 1932 | 1941 | 1945 | 1953 | 1966
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Table 5. Annual ring analysis (Furenai)
No. 1 1950 No. 6 1950
Type As A Type Bs
Grade S S Grade P
Direction 5 Direction 3
Beginning — — Beginning | 1962
Year | Summit 1961 1962 Year | Summit 1964
End — 1964 End
No. 2 1949 No. 7 1950
Type Bs B Type Bs Bs
Grade S P Grade M P
Direction 1 2 Direction 3 8
Beginning | 1958 1961 Beginning | 1950 1962
Year | Summit 1960 1962 Year | Summit 1960 1964
End — ] 1964 - End — —
No. 3 1949 No. 8 1950
Type A Type As Bs
Grade P Grade S S
Direction 3 Direction 4 3
Beginning - Beginning — 1962
Year | Summit 1962 Year | Summit 1960 1963
End 1964 End — —
No. 4 1950 No. 9 1950
Type Bs Bs Type As A
Grade S P Grade M M
Direction 3 3 Direction 3 3
Beginning | 1958 1962 Beginning —
Year | Summit 1960 1964 Year | Summit 1960 1962
End — — _End - 1964
No. 5 1949 No. 10 1950
Type Bs Type Bs
Grade M Grade P
Direction 3 Direction 2
Beginning | 1962 Beginning | 1961
Year | Summit 1963 Year | Summit 1963
End — End —
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No. 11 1950 No. 16 1949
Type As As Type Bs
Grade P P Grade M
Direction 3 1 Direction 3
Beginning —_ — Beginning | 1961
Year | Summit 1962 1963 Year | Summit 1962
End — — End —
No. 12 1949 No. 17 1949
Type As As As Type As
Grade S P M Grade M
Direction 4 4 3 Direction 8
Beginning — — — Beginning —
Year | Summit 1958 1962 1963 Year | Summit 1962
End — — — End —
No. 13 1950 No. 18 1950
Type As  Bs As Type As
Grade S P P (Grade S
Direction 2 2 Direction 5
Beginning — 1961 — Beginning —
Year | Summit 1958 1963 1964 Year | Summit 1962
End — — — End —
No. 14 1949 " No. 19 1950
Type As Type A
Grade S Grade M
Direction 2 Direction 12
Beginning — Beginning —
Year | Summit 1962 Year | Summit 1962
End — End 1963
No. 15 1949 - No. 20 1949
Type A Type A
Grade P Grade P
Direction 1 Direction 12
Beginning — Beginning —
Year | Summit 1962 Year | Summit 1962
End 1963 End 1963
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No. 21 1949 No. 26 1949
Type Bs As Type As
Grade S S Grade S
Direction 2 4 Direction 1
Beginning | 1957 — Beginning —
Year | Summit 1958 1962 Year | Summit 1962
End — — End —
No. 22 1949 No. 27 1949
Type A Type Bs A
Grade P Grade S M
Direction 6 Diaection 2 1
Beginning — Beginning | 1957 —
Yeaa | Summit 1962 Year | Summit 1959 1962
End 1964 End — 1964
No. 23 1950 " No.28 1950
Type As Type Bs As
Grade S Grade S S
Direction 2 Direction 4 2
Beginning — Beginning | 1957 —
Year | Summit 1962 Year | Summit 1958 1962
End — End — —
No. 24 1950 No. 29 1950
Type A Type As
Grade S Grade S
Direction 2 Direction 1
Beginning — Beginqing —
Year | Summit 1962 Year | Summit 1962
End 1964 End —
No. 25 1949 No. 30 1950
Type A Type A
Grade P Grade P
Direction 5 Direction 2
Beginning — Beginning —
- Year | Summit 1962 Year | Summit 1962
End 1963 End 1963
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No. 31 1950 No. 34 1950
Type A Type As
Grade P Grade P
Direction 2 Direction 6
Beginning — Beginning —
Year | Summit 1962 Year | Summit 1962
End 1964 End —
No. 32 1949 No. 35 1950
Type As As Type As
Grade P P Grade P
Direction 7 5 Direction
Beginning — — Beginning —
Year | Summit 1962 1963 Year | Summit 1962
End — — End —
No. 33 1949 No. 36 1950
Type As A Type As
Grade P P Grade P
Direction 8 5 Direction
Beginning — — Beginning —
Year | Summit 1962 1963 Year | Summit 1962
End — 1964 End —
HMIXOHMOHEBICHIT IER
1. FR\FOH*E

a) 7550 %

RALPDHNC X o THBIMERT S &, SER I, EREOEREST, LrdH
BOTHWECREHPER I D, ;

19 fHdK 2D, = O REHiL Reaction wood (RIG#) & » Roth holz (HarTIG, 1899) &
Wb, BIRTHEINITE 2BEORBRE (BEHOBIGEV) o2 LT, baETIE, &
DX SIEOTE T77] EHRL TR, 20K, EHALAEMOBEBRC L REHLRED
bhbXoiote, LL, REHOREMISER L 2 HFE (LAUKE BRI,
Ladh, WRTEANT? 2 LGERET, BRECISRTAERLRCZ Elbhst, —
Bz, ZoOBOEFMIoOWT, HEBCIXEHE 7 7 (Compression wood), KERICIXEIE
7 7 (Tension wood) & XiXhT\%, LaHL, ZOREHIZILDABRZL -0 TH2
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b, 177 OFEFL, HESZHRELILIOTHY, i THRAEBOEE] 75
&, REBCERLA-O THEBGREBOER] L5 2 it ?,

FITEEDLN, BMARERFLCLDVRISEL TS 77 13, ARG TE 5 EHIES
DEEMTH - T, FORIIEREHSICEWTEEbRAHAFRTEAZRBEOL O TRIF T
b, L7edioT, BB 20 &0 & SBHBEC L - TERL e binn X 5 ik
BoORBEHITOWTIL, AMB2NAKEY IS END e LT, BEEcBRER
FOHWEL LTI TUEE T W,

BT, RS (1970) o#fge T, HEBOT7 7 L7 TORRIEIE > TV B —REEHYE
LT BFMR, BHEEBE RN L, EEH LD LRETHEV-AREEYL-THW5 2
ENbhote, Liedis TIEEN BT ABRERTHELILBEC - TELE V25155,

IRBOEENLART, [77) LW IRBEITHROCHBRRBEOERC L &9, BElE
BTk, HLVCAERELINETHD LELBRD,

MRFETON X S CREMINCHEA L BB, BELAH O TEILT L AMO7 708
B Eh, SREEERLERY, MESZSOX > IETHT TS & AsBliciks, ¥h, &4
CEALIC LB LbR BRI RENH OV TEILT A &, BEOT7T7ABRER, ReacEf
LTCwiebon, ANOBRTACELT 8575713, Bslinies, - o, B
BPEACHEMAIEAIANEHOAC LT ERBRVWOTH S, Lok, OREHT
NOWOBENCBEART A LB T, ChrbBRLEFIELLRVWETLH 5,

AR, AsBITHRB LS5, HABBROELNL »vBudbonds, £27T, 20
BN w s bEbo A NRELMS ET270E, BEF (1960) 210X% X 57ckbr 5H
HBHCITBEOMT XD HIC R \T B, Bs 8% <, BEAS VRGN ) i
CEWT AR, AsBRECOTREVWEALAINEELZBRS,

XX Ih T, FRENEIC LS &, Onbetsu, Kamiotoi i2i3, B B M%< 4 F h,
Furenal T3 K5 AR, AsBchHs,

BT BT ROk S T AR, As BT RARE D bR, BREE
BEMARD LR TW5S, JORBWLHTND LIS ANCIZERLSD D, FHH(1967)
BHEANTVWS X5, HARARRAC L HBREROFARSTSHS (B, 1969 c),

BAROB®BERNIOWTIE, BRLMTNIOEEBLXA LI CHBERDB1D, HK
HREELTHRIAL, FLERFRCHIELEOERLESLETHEL Tun it il bic
W KEBROERLERIBLLTH Y, FRROBER—MEOEEARIE, F—ERI
WU EABERT TR IND EAD ZENTE S,

WX HoRARKCII—#ic, CH (&) o7 723K IhTW5, Z0x 17D
7 TR Ll D TR TR —E L Tl Iely,

COX5TT TEER] »EL TR, #ITXOHBEOLOTRARKIDT7T T &
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Bigon T3, b i Fig 13, 14, kRLick 5Kk, BEOBKECHEALNLDT 755
bbh T\ %, Fig.15, 16 1 L BBORMME D 7 7 Mo HEx R L 1.

FRENFRCY, 77OBRES L EDVRBHITAEZRL T\, FHMORILY 128
HE LY, 77 OMEIAE KT OXFRICHHETLEL TH D, Licst- T Onbetsu 15
HoMEmD LA, 10 RKHn, 2 5MofE EH 1285 @ ks —33 %), Kamiotoi ©
A bR 1285 R (it —%% T %), Furenai OfH EHIX3KFETH 5,

FERFBNTRCD DR TN B X5, 7FoMEG LM, #hm, SRRz
2, ¥FRERTERELELTH D,

—iic, HWTROHTIE, BOBHALOTRY OB, BEIUMCEAL, BB
HOTNRY OFEHTIL, BBIAACEPL T5, ZOFEIZ OV TUIA D (1966) 284 7 &
LT AV AOHT D OBRBEBRECH T THE D, A RircHik (1958) NBALTW5 X 5L, —
B ER TEOBICRET2HECBr L OMTR D FERE I, BE»S L EMLE

13.
16 36

)) ) @1 0.6

Cutting height
06m

0 10cm

Fig. 13. Cross-section of Abies sachalinensis stem showing well-developed
reaction wood (Kamiotoi No, 7. collected in 1965).
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BT COBBERE, COX S RBENRI S L, BRCHERL BARITRIEL 7
<, STEBNIIAES X 0 LIEHMEIMEL. LAL, BVWBErHIEC 2HBoB ek L T,
RERZEMET DEAIDIRG, 2 DT THL, 20X 5 i BB A BTG L
THRIND L BDTHB, Lih-T, 7FOHBRFaAN, Sl FAxsEsd I &k
W ROMEPBEH ST B2 ebeELbR S,

b) 7FDOEENRR

7FRAERCHREINE Z ENERIC L - TIBLME -T2, LL, ERHORS
THEBAEM LSS, 77 OWREN OIS T 508 55, ARCETITS 2 &
DFErLLV, LENRoT, CAEFTEHMRLALEIATIE, 7TIHXYABRRC L - TEHEAX
DANECHMOBEIEEL L THWS Z LI TRV &V S fERIEL .,

T, MEY (FF, ARBHY) OBMBERN L, EOKE ERKIEN OBRER

33 <:>93

Fig. 14. Cross-section of Abies sachalinensis stem showing well-developed
reaction wood (Kamitoi No. 15, collected in 1964).
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124 —
m

96 —

Fig. 15. Recent reaction wood distribution Fig. 16. Reaction wood distribution in the
in the longitudenal section of the leaning longitudinal section of the leaning stem
stem (Kamioti No. 7) (Kamiotoi No. 8)

LTIk, BEDS 2 THANOIERERNRLIEDOThE Lo TR bbby, 77 kA—
EREPREND Z LRI HDOT, ZIRGERREDC S 2 TIFOXEL I ERTTRD
fenwZ ke, DF D, BECINDE > TIEOFEWL e, BBCERLERET D &
52U TALY. LaL, X0 MoESEN RS T 7 MO 2B T 5 BE Tl
COLHEOThIXHF OZBELZ b,

7 FRMELEWEEOA N L » TERLCEBRNCHER IR S, 22T 550,
BROMELHTNOMOBEHED L 5 i ACHENLRE XTI T, BRCK&GH
ERE S 2IehE v ) KTRAZI AT RER DRV, ok 2, ZHITBRICES -
Tk DI KRB T ROMTIE, K10m BEL T 23200657, BARITbLT I
FUaZE T (Photo 1), Vo @5 T NIOMOERREL, HemoEh 20 THo
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R CYbHh s H 5B, Lrl, ZOL3PInEhoT, KEROLELEFLWVLE
BBV ENB LS5/ &k, 2F D, TRV UEBLYEMN SN LD
WROEENL, TOLMOWE - £ - HiBKGLEMI D55 EM (& CBEKDOBER)
WBARL, i, BIROWMRRENEBLICHE 2 2EPWLEBLET LTS, Lo T,
BAROEELEREME L TEFRALAEADORIDEHR TS Z LXTE o\, i, BBEMNO
BESL7 THROEGNERFINABEFEEY L -7 L Th, SANOKRE S LBREROES
BHEET THBROES E N ERFIHEFRE LSO Thicw, 2F D, HTFXD KT
57 FHEBENS, ST 0 EEOENENZ TR BEE, REROT 7 #H% L o
K2, EDOX5EHPERSY & - T 2hEW O AALNSCHERRTEL N EAS, La
L, BEOHZHEL IV, ThETRHLMCTELr - TN ORI OV T,
HFLUoMRAER ML EiebEsibhb, ez, RBRAMEECRANEDD ST 755,
BRI A X MY b > T2 T hE, ANeR—ERCERBACFRLCC ZRie b2
5, FONNIAYEARE L ABCAMOEELRIELCLEAD ZENTE, #ic, ZRMC
N T fEEED, BT ILBARE GO 7 T OB, TOANIPIVELD I LNRTE D,

T ROHTIE, CORDNOEANEDEOERC L - TREWLMLIRL 5%, £L T
F B D ERM, RHACET 2KBROETIC—RLEILE 5250 L3R - T
MEARETHDHI LMD ENTE %,
2. HEXDHOMFEIL

a) RItLEDOTHEEE

7FOBMMASHNOERLEERE Y~ 27 L TABE, HERABKOAFL T cBRICE
W, HBAED L IREALINnE W) I EEREETED, £ LT FH{FE—EROE
(EREDHRD S, KABOHRBE LRI - :E2bh, FHMACRBEMEATE
B BB TH - o LTS B, KBEORBNLFILESBHTNOMTIS TR Z
EMTED, ZOBMXCHAEREN 120m R fctiaoRB AR, Fig 4 Hil) whbbblic
X5, 1966 ELED 7 7 BB T B, ZHITHLMCHRBEIORFNELZRT DT
HoT, BENOBEOBFXEDIHEC, FWMIFDLRMBEETHLZLETRL T 5,

Lo, KEBCH - TI0L 5 AREPHERTE 0L, 1989949 A3 D2 LT
»-T, FRUMNCILEERO&FHT D HICis TR L kiR, KRB ORF#k%
BHT LR TE D TH D, ZOX5REHRND, EELI1L, T <o
WA, 72 TOENnED L TIRERHL TV BLDOTREVWEELZ TE, LbHA
1964 4E LU 0 Hi3 < 0 WA O EIRPENT R BB O R R D, Fhic k- TRBEOR
BAMIETE 5L 0Bl TWen, EEMCERBEOMEALDLRT, ZZRON
Tk doic, HTNOVBARCEFBHLVCOIFLVREEMLD 2 LT T0,

7 7 OBBENR ENANOIERENRE, BEDOS 2 TLEOThARD - LTE, RES
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Table 6.

JhiEE A B IR BB AT S

reaction wood (Onbetsu-I, 1926~1965)

BRE H2F

The age of slope movements were presumed by the

No.
Year

3

4

5!6
|

7

9

10 | 11

12

13

—
>

15

=
(=2}

17

18

Total

1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965

X X

X X X X X X

X X X X X X X X X

X X X X X X X

X X X X X X X X X X X X

X

X X X X X

X X X X

X X X X X X X X X X X X X X X XX

X

X X X X X

X X X X

X X X X
X X X X X X

X X X X X

X X X X X

X X X X X

X X

X X X X

X X X X X X

X X X X

X X X X X X X X X X X X X X

X X X X X X X X X X
X X X X X X

O = MWD kDN WWUO DR 00Ul N®© OO WU 0NN RN N A

The latest
ceasing
period (year)

17

20

12

26

22

19

18

14

15

4 ‘ 30

24‘
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Table 7.

The age of slope movements were presumed by the
reaction wood (Onbetsu-II, 1926~1965)

Ye

}\1

No.

415

7

8

9

10

11

12

13

14

15

Total

1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937 X
1938
1939
1940 X
1941
1942
1943
1944
1945
1946 X
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965

X

X X X X X X X X X X

X X X X X X X X

X

X

X X X X X X X X

X X X X X X X X X X X X X
X

X
X X X X X X X

X X X X X

X X X X X X X

X X X X X X X X X X X X X X X

X X X X X X

X X X X X

X X X X X X X X

X

X X X X

X X X X

X X X X

X

X X X X X

X X X X X X X X X X X X

X X X X X X

X X X X

X X X X X X X X X

S =YW OW W W WSROI NS RO N0 U UWUIYg OO RO W W WD W

The latest

period (year)

ceasing 7

|
®

10 | -2

12

1
o

12

—2

(40)

(40)

. continuously

(

):

more

379
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DO M0 O W00 0O WO 0O NN _
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Table 9. The age of slope movements were presumed by the
reaction wood (Furenai 1955~1964)

\;;;;>\\Eiﬁ;E 12|34 56|78 |9|10/11]12/13/14!15|16|17|18]19
1955
1956
1957
1958 X X X X
1959 X X X
1960 X X X X X
1961 X X X X X
1962 X X X X X X X X X X X X X X X X X X X
1963 X X X X X X X X X
1964 x x | x x
The latest
ceasing | 2212 |-3/1]-3/—2/1 /2|1 1|1 |-42|2|3|2|2]|2
~period (year)

vor~No-1 20 |21 | 22|23 | 24|25 |26 27 | 28 | 29 |30 | 31|32 (33 |34 |35 36| Total

1955 —
1956
1957 X X | X
1958 X X | X
1959 X
1960
1961
1962 XX [ X | XX | XX | X XX | X[ X|X|IX|X]|X]|X
1963 X | % 11
1964 4

The latest
ceasing 212122222 |2|2|2|2]|2 1 1 21212 —
period (year)

gU'IU'IA\)UD]

— : continuously

NeWLNTTLFERALCDOT, COLFOThELXOFTERLT, MEOFRER —L X
T, FEENTRLOATIOERHERLZF XA ELTCRS, 22Tk A#L BROBES
i, BAREROETHHTH 2104 NIHERL TW2L 0L RINS,

Table 6 & Table7 %, Onbetsu ® 1 B# L 2 ZHuiz o~ C, Table 8 i3 Kamiotoi i2v2\»
T, Table9 X Furenai it >\ T & &L DTH 5,

Onbetsu & Kamiotoi (3 RAKT, BEZBIE b b TH LD, EFEMANLH
FERET EHDIF - THREL 2, T8 Onbetsus DFEIARIC OV T, 1926 55 1965 48
¥ C 40 £ fH, Kamiotoi OFKIARIZD - Tik, 1915 5 1964 48 % T 50 £/ T, A5
PMERLER MR E bbb BEM) & XHIT~~ 7 L7, Furenai ix A TH
THHIcDIT, HRERFELRE 1955 b (RERL 72 1964 4% T 10 R D\ CRE L %2,
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Table 10. Frequency of slope movements in the same year

Frequency
Site 1st 2nd 3rd
1939 1932 1927
9/18 1942 8/18 1941 7/18 1928
1945 1930
Onbetsu-I 50% 44% 1947 39% 1931
1935
1943
1946
1937 1935 1938
9/15 8/15 1946 7/15 1947
Onbetsu-1I 1953
60% 53% 47% 1964
15/25 1947 14/25 1946 13/25 1942
Kamiotoi 1948 1955
60% 1954 56% 52%
36/36 1962 11/36 1963 7/36 1958
Furenai
-100% 31% 19%

INLDORICL DL, 2T TRAKRDOFE I, HBOELL LERBAKRT &
TR T I EMbr%, WE, BEREHMCEVCTXHOSZWERE L DL THD L,
Table 10 ® X 5z, Onbetsu 1 FHTiT 1939, 1942 4, 2 B-Hicit 1937 48, Kamiotoi Tit
1947, 1948, 1954 &, Furenal Tt 19624 L 7%, T LT, &FABARH S & i o (b & &
DEFIL, 50%, 60%, 60%, 100% EHHbIhb, AL X5, ZORTIMEOE(LER
DENLOND, 20, SEEOLDOER L DR L ThI, FORKE2AMTIE31~56%, 37T 19~
52% & 7o 12,

ZORELHLPIT WD L 5T, Onbetsu & Kamiotoi Tt d - & LEMDIZTL 5o 1o
FERIZ BT, 2RBKRED 50~60% T, IZLHTLESHERTROMOX 5, 2KicH
T BRI ED L RIch o T, 260, 361i% 44~56%, 39~52% THD A~ 4 v F — s
HUBLIETFLTIWEWS, ZOBETI/IMERBROEEICE X E 5T 5 &allt
ML B, Furenai SR HIE, 1962 12 100% TLIRIC 72 5 FEEAED H R 5,
UL, 77OBBEGTIEVLIOLFLORDY, TOILhbETry 72 L OHIE
DEAIC LN E ZALFTFTNEZARD oD TRIRNIEAL I EEZ BRI,

Table 6, 7, 8, 9 D4 I OTEHENRD FEIAREERF S5 2 DIF - T, MO
o o REE UK IEIOEE) 238U THh Db, ZOMT~IrA2 (=) ThHOb LIk Z AL, &
LR L BOBMNRI - e b D LHIMI SN BEEXEL, 75 A (+) DERITKIEE
- EERLTCD, TORCHLHLI TS L 51T, Onbetsu 1 SHITIL, 1965 EHAE, £HE
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ELRIERETH B, LT, HbRWIRIEIZ, B No.17 © 30 ¢, D\ THIEH R
No.7 ® 26 £ L BB# No. 18 @ 244 TH 5, i No. 12 11 1 5% ¢ No. 3, No. 10 3 2 F5/if
CHIB O DH D, BEKIELTH5 LW 5 ERAYRL T3, Onbetsu 2 5T, BR
No.14 & No. 15 T 40 F0R[FEEAD b, THICKL T, No.2, No.3, No.5, No.8, No.9,
No. 13 CiL 2~8 FHIMHLEBFTH B = L bbb,

Kamiotoi T 1964 FHAELHOHI b T 5512 No.5 £ No. 9 TH %, TOflix
1~10 BAEDOKIEIIR & 7o T 528, & ik, B No.1 & No.2 ¥k kb No. 16,
No.20 Ti%, 504 &5 REiEChi- 2 RIEHIMARD b iz, BECRIIBOTRNE MR, H
% JiX Onbetsu 2T\ 523, FhREORMMCH I 2 REMOFEIFRNTS S,

Furenai O3B Rz, ATHEBTERIBNTIRE L, REOEBIC DWW THR LSBT,
No. 12, 13 (25 30 &2, 1964 AEHZERIERCdH », No.4, No.6, No.7, No. 13 2E B & W
5 kit B,

Furenai Tl 1962 i 100% DE XX TE D, ZTOHEOBERERN2EL vic» Tk
WG, Onbetsu ®° Kamiotol D L 5 B WKIEEIZF 25 bbb Tvisw, £2T, 1962 4
LIATo R 4 % &, BR No.22~26) &drRif (No. 17~20) i 7 ERID KR IEIIC 3 5 DIz
K LUT, Bt 7 B0k IEH% 4 > No. 3, No. 5, No. 6, No. 11 & 3E ok 3>
No.2, No.4, No.12, No. 13 ®Z OB EDRIEEAZ L 2B AL 80D F U » T 3,

LR DOER»BAZ D L, 1) BRCHESMCRCRIEARD RS, 2) #3< D R
R RWIKIEE L - T 21X (Onbetsu 1 5#0) & PRIMHAHEAEL B O HiIX (Onbetsu
2 54, Kamiotol) &723% %, 3) BIENLART, FHADKEPI—HL Tkb ¥, HRir
LEWMBICAT TEDERKEL oo T D%

IRIEHAE BB DO L b hsx Lo\, Onbetsu & Kamiotoi iz D\ T L HRTLAB L,
LERDON L S EBRIZKR T 40~50 FOFRIEHIMARRD bz, Lo TEDOHD
XD RO A A BDIT, WIS Table6, 7, 8, 912 HF7- 40~50 F DIz Ik
TAEEOL bz LEEAEE V2L, Tablell X 512, Onbetsu 1 S#ic s\~ T 1~8
[, 2B\ T 2~7 [, Kamiotol TiX 1~9E@l L7 T b, 22 TIXEEHOMEELK
YEELC, —HOFHL L TEELETCESYS Tient, BEALIBILEEHL TWitL ol
LT, hRE»ALEHRBITHT TOEBOBBUIS 2 L idbh B,

COLOSCHBAT EOREELIELOFER, b, HE—HElco AEORES
TZHEM & X, SHEE—MISOBEEHDOL Dz Ly [REE) & X570bil, ZOWMEFL
MR DM R A EEN e ER L, BRINLLEBYEIL C 52tk d, T LTEBHOD
RS, WHhRD Tz LW BBRLERBEYETS0EELBIE, 20X
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Table 11. The number of partial movements recently
Onbetsu-I, II: 1926~1965, Kamiotoi: 1915~1964, Furenai: 1955~1964

—

gﬁé‘ﬁ-w"- 1]2|3|4(5:6|7 /8|9 1011 12[13|14|15/16 1718

Onbetsu I |4 | 114 3|1 |2/ 2[3|4|4|4 8[33|3,7[1]2

Onbetsu 11 | 5 | 6 | 7 | 7|4 2| 4156 |3|3|6|5|0(0]—|—|—

Kamiotoi 0,02 |5|6[6,5|8|5|5|5/ 9|6 45 0 7|1

Furenai 2121121 ‘ L|l2)2|2[1|23[3]1|1|1]1 1
—_ = ! :

. O. 2 . 1 . "
mEH l19 20 21! 22| 23| 24,2526 |27 28|29 |30 31 32 33i 34 | 35| 36
Onbetsu I | — | — | — | —|—l—|—|—|—|—=|=|—=|—|—|— = —|=
Ombetsu I | — | — | — | — | — | — | — | —|—| =1 —| =] | —|—=|—|—=| =
Kamiotoi 52|33 |7|5|—|—|—|—|—|—|—|—|—|—1—]—
Furenai 1tz 11111 )2|2|1]|1|1|2i2|1]1|1

51, TR MEMEHCER L > o5 o 8R s L TRBT S, A TPHEIECHERR
DX 57 2RTEHTEHOZ CRE TS = &<, 3RTOERM QA 1) 2R RIERC L
ESWTEEL i bt DO TH B,

IRETRIARLEBEOBRELTILY, BFECERTITRNLASLOT, bitbhiio
EDTFig 1TO L 5 ERWAEFECL-THLHL, ELEREAOELMET R B DT,
Fig.18, 19, 20, 21 ® X 5 s RB % & -7z, Onbetsu 2o\ Tid, 1965 FBLFEL b 40 FERi
-, Kamiotoi iz o\Tix, 1964 4B 7E L » 50 4ER[ & -C, Furenai iz-o s Tk, 5T 10 £
DL DEDHbb Lz, ThbDECRTHABAKBOEMIBELHER L - ThdbblLicd
DTG, ZORRERT LICEET 2B OEHEE TRl Thw 510 T &g,

Rzl THLMLTRENRTVS Lo, BEEOEMAND L, EAREX—THB, 0F
D, WH->ZE-BIH->RRMO WV Lils Tk, i, XD & CHiMERCEL 0
EERRE-,Tw3, ZhE, ToLto+EHEobnnwE, RS 5 IL#MEKOREBREC

Onbetsu~1

Fig. 17. Schematic representation showing slope movement in the
creepingland. The minor partial slide areas (dark parts)
were presumed by the tree-ring analysis.
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Onbetsu ~ I
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’ : ; : :
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Fig. 18. presumed areas of slope movement
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in-the interval 1926 to 1965 (Onbetsu-I).
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Onbetsu~II
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Fig. 19. presumed areas of slope movement
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1946

1949

in the interval of 1926 to 1965 (Onbetsu-II).
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Kamiotoi
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Fig. 20. presumed areas of slope movement
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.ol |@ ) , ° \ o
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® ) e . ‘ e
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in the interval of 1915 to 1964 (Kamiotoi)



392 EEERFRLMPERTERE #2885 H28

Furenai
1955 1956 1957 1958 1959
:r' -ﬁf -;‘ 3i‘ ';
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..': 5 .-.‘ ’ -‘.'. " .
!.o c e PO

Fig. 21. presumed areas of slope movement in the
interval of 1955 to 1964 (Furenai).
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DF D, IRV EIL FRICEZ AHIFRMBEEME L TEL 25, LIZLERBI
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Onbetsu, Kamiotoi, Furenai ®O#1--X b #O#KTRL, Fig.22, 23, 24, R~ TEED

&, WERLERBELEL T35, chbORTIR, BEAREKPFARALABRCED,
MO REZ AR e,

.A_SLQ[P_

L t == Marsh
Onbetsu~ I ~— Craci

m
100 |-

1 ) 1 1
0 100 200 300 . 400m

Fig. 22. Profile of longitudinal section of the
investigated slope (Onbetsu-I).

Onbetsu ~ 1

50

T

1

0 50 100 150m

Fig. 23. Profile of longitudinal section of the
investigated slope (Onbetsu-II)

Kamiotoi

0. 50 100 180 200m

Fig. 24. Profile of longtigitudinal section of the
investigated slope (Kamiotoi).
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Furenai

0 - . . .
0 50 100 150

Fig. 25. Profile of longitudinal section of the
investigated slope (Furenai).
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Table 12. Invaded trees at the scarp (Kainiotoi)

Species Age Tree height |Diameter at butt Note
(m) (cm)

Alnus hirsuta 10 4 5

” 10 5 6
Salixz balko 7 4 4
Betura maximowiziana 9 5 4

” 6 3 3
Betura platyphylla 10 4 3 Vertical sprout
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EHL L F1, FIREELOERBERNOL HKCELT, Do RELLWROBRE
KeH TR, FRBEBELEESHERBERNOBT RIS LT, e ARTF/ FOHERFK:
BH#AREY AT\ 5B, 20X 5 BELE, BBOENHLLEHHE L O ELM L BAROA
R EOBERIC LD ERITT DI,

BEREAERNT S EREMAEBRING Z LD, XDk 5 RAESERDO 7 7
MEHERAL, HTH—ERO7 72 L OUARBEHREL~—271LC, ey JRBBOZEH
EREHER ED 2, AU X5 hFETHRERBO BHEAS 2RMC L, HBAOH
BRASRAHE LI, O 5 THM - KA - BB KL 5 TOME, WThd R
Ri%BRER LT L O T, HEEMS S E-A -3 -5 -8 ShicBe TR e
DLOLELZLND, ok, REOMSILCH - T, BB ry 73 MpbIhd 2 &Y
B LBABRCEZ AEATILPEL D LA RITERDIRWIES S,

—7, BIRIHEORBE LLEHHREZEFTERT S, KBRS EBBEMD
BRI, 7TITHRCLBERD S AT IRV, ZhETE, KERDT
FRERCHEN L, HEMHEEORE CHREBLANTE22, % ORBRI/MER
BRO7 FHELASR, i, PMEREELBOPBEICHL THBECKIETS240EE L
bhicDT, EEARNMHMPUCEB TS &5 BRCOWTEREL K (3, 1969 a),

M0 LB, HERM, BEEE, HSLOoFEREC L > TRFIEA TS, B
S0, OAEDBIALBO FTREEENC @M bicyy, 20X 5 FRERCIX, FLERN
EHOTEBCBETS 7)) —7HELITV L TWEL, HYOHELLTVWRETRERDED
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EH IR Twiow, ZHITHEYEROBIRE I Wt HIEIZS < DEILAAT bR, A ET
t—REEOBRREL THELIART VAL TH A,

Je¥EE O =R BRI O WS A L BBt GERHE /MUK BB ENSB)II =
ZELX 25 HRIL) ITds\ T, REBEER S BEEER DB » 5 <~ Y EBK W15 F4, 87T%) i
SWTERNCHERL-HE, BER4LFTo REMCEI - EELIbhdKRIDT my
IRBENADL N, BRINCHRE T vy 7 OFET, Wi S8 - WHORELRL T
55, ERIBEAFFE BAEWELBEORABRIIALVLIITHE, BELIKac
RLEOTHRIBRLUTKBEIE L), TODHEL AT v ADERLEREZML, BOOTAH
NEEINDEVCOIEAZRTLIOT, EFAMBACREREN - BOPECL > THRIK
5L0LE2bNA (H, 1968 ),

B IEARROBBIIEEECEL, ROBBCZRINV2, MO REICEEL T
i, PMEREVGZELFS I KEBL, T TR I RS, i, BROEAF R oW T,
HEOWBLEBL LT b R0, BEIRETHCBHT 570, ROBA & ARC
FEE OBIRN DL 7 7T ORI M H T HZ LN TE D,

AR BE A LOI3 MBI OFERBMIC T, BHELLRRRGED + F <y ER 11
SEA) Y, BOE SHEMC 180° HERL o7 T bi, SELERLbhbBRERORE
b, BRETORREOEB NHEE I (8K - K, 1968),

BHEMARHTROMBAYEL T3 BRI T, HRKO ERAEENERL, THx
BEY 25 At BEIhHBERD D, JhiCici b i, BEKR - REEAR - REE
ALdbAbhbn, BAOEBEILKE L TIL{REDLOTHY, 1) EfdHkit, 2) LE
AEBIE, 3) BEMRARENDRATHRTH D, BEDIX, BT BHOLTEY - RE®KD
B A LIc7 V) - 7 HOMBREE Y, SREECERLAT V% (E, 1968d),

ZORRABREHC L RBROBET, SBOMRCE LT ILbv., BRET
B+ sBMEERI, 5% 18 - AYERCH LY, ELHOBHRTL2ERL b ThH
b, X EELMBEERSES5, UL, EEDLH, ZhITRFF=vEkiic
BELILLIATEDE, ERERDOIEE - LYBMRCEBKEDEHL BB, T8
ENBBH, THIIHMBOBELC L VP IhCERRLECCEBALEEATILOTHL VR
BAEAEL, EFEEETHIORIBEXETILOLEL bR,

Table 13 i2fREFE L T, HBAROLLTEFERLO L, BREEXEDLRERZ OV
TEMERYHT L, MEIFBEREZAZILVIBERELRLTVS, ki, EERD
BhThbnb k5, 2~6 EMARDOERL TWHERALL RS, 20X 5 ARIEE
THDOTHBE,D, MECHWLELAVCVBEORRBOEECLZL0LELLAD, HEAT
HRBE, BEROMHERIIECS, BARNCAR S L ERNROFEAUL, MW HRESL
oo THbh T3,
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Table 13. The trees with abnormal crown in the creeping forest

Forest type Planted forest Natural forest
Site Ikantai Kikonai Toikanbetsu Rggﬁ; e Oketo | Bifuka
Geology B Cretaceous Tertiary Tertiary Tertiary|Tertiary Se;;ntin
Species Todomatsu Todomatsu Todomatsu | Lodo- | Todo- |Akaezo-

matsu | matsu| matsu
Abnor- |[Abnor- [Abnor- [Abnor-

Abnor- Abnor-

Growth form Normal mal Normal mal Normal mal mal mal mal

Tree height (cm) 296 71 345 185 187 82 100 300 110
1968 — — 45.0 5.0 — — — — 70
1967 56.0 4.6 30.0 3.0 37.0 6.0 0.8 95 1.5
1966 475 1.9 30.0 4.0 28.0 45 14 125 1.5

Upward| 1965 57.0 13 20.0 2.0 21.0 6.0 14 6.0 6.0
growth 1964 43.5 15 20.0 8.0 320 13.0 0.9 3.0 7.0

(cm) 1963 38.5 23.5 40.0 7.0 — — 15 2.0 2.0
1962 14.5 14.8 35.0 30.0 — — 6.0 1.0 7.0
1961 — — 25.0 46.0 — — 6.2 15 —
1960 — — — — — — — 6.0 —

KRB DN TL, HWREN D ZHENDIC W, Lnl, HMBOEIERBOBE &
A—DEmYrTLDEELLRD,

DX 57 ERERMROENRL, 7 7OMHERLHFAL, BREMCVW LRI04 DOME
BELT, REBOTHER L BRBOEGRINEE IS,

AR ERCHEORC, BTN IRNCHMERCRET S, 27V —7BHerEET
HE, FBERLOFR (BAMBROFH D) L, HERABL L LCHRERLLDETEE
EMTED, Thiz, FEORBKPLEBEOXENRAEL, BN - B SO RE R EAN
MUT, OFLREHET 00 THAERbbhb, HHAHALBOMME (KILKE - KB
ftt) B - T, OTRAORBUIRALRD H, ANANFEIFOLRAYETER®AZ LIk
HIEH D, BREHKO FHEERL, FhiR\\I5b F CORNRBERER, HEEFE» » ¢
X BB ERTOEHITH D,

7Y —~FIAMRRT PRI L b L, BTFOFERRTE L bIT, ERARER I THERK
BOERYIT D, 2O LiX, MEEELLON YR 7/ ¥, SEBBOMKY ik
RIZENREBERTHDEEL2LNS,

HINEEMNEYEL T 5D, MEBACIIERERE L TE D BFERTn, L
DULHEB (FF=Y 2y =Y T7h=y <Y h5<Y) OBBHE2 BB FL
Vo REHACL 22 REL THBAET 5D, YBAIRYIACL > T EEEAEL D
BEBAEMLTT 722K ok b, UbfihEhofhT5, 2255 U TKBRCAEB LA &
LT, 77 HMaVLMEREF OGO &7coTL % 5 (g, 1969),
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Bk Tt KRB F O 58 (ScauLTz, 1955, GILLULY, 1960) G, (31 b+ o @i &
WHEBL, 7V —~7:HL T35, bAETREELE CTHEYAELL LT LR nbED
BILEED T oot (EL, 1941), ZoBRKIIEFLACHABRKRTERAVEEOR/LLED
TEEBTH B0, HEBRT LR TERVALLAKY, i, ZhECRHAMES
TELREHEN LD D LEHETH S, LarL, o BER RS 2HEE, 2o
BOEE LML DDFRTH b L, WTFhIZL T 7 ) — S TBILA
o el DITEMEN > LBETHAH S, L IAHATHTNDHMOBEBRRORALETC
ST, Fig. 26 0k 51, BRSO IN—Ev I LTRSBE, 78y ZROBRAEDD
ha (MM, 1968),

Fig. 26 Schematic representation showing soil movement in the plantation.
The areas of soil movement (dark parts) were presumed by inter-
pretation of the tree form with abnormal crown.

Tiebb, 7)) -7 LV EL—BOPMRICHTNIRRTHLLE 2B, £IT,
ORIEY 35° L EOMHIEH TXHTEL D L, HREEF - ERO RNEE O FKE O O
Lo 7Y —THEEEDTFHENTES, bedbe, BLLBITEER Y >3 T 51,
DTHHOEHL T, HEREZKBOBERBGE M- TTREERBIITLILSETTHS
b, HBHEMLEWEASLBEBCER I TETYHEIRL I LSRR TH L EER
Bhb, LisisT, flEO e Tl WTAERRL, FECHSVWTELRZDTHS,
SOX S EERTHTNOBEAREL TN RRECEC TR AN e8NS 5, o
Lz, 35° L EofEOBA L, LEVWKRBLLD TR X - T3 v AR K, A
LRBTDLDEEZDBIENTES, LMo T, BHEEL Y22 LTLTFEXEYVZ L)
BARBEERKIC R B0, S8E - R - BEUC 2 )V -70RE DS cxERB LT
e binnE A D, KAKE ALK ERHCHEBAIABETZ0LE0H0bRTH S,

BRERICHEEORZ 2+ 2 &b, BE (1963) (1, {R#FkHE 10~15 F O Tk
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EREOCTERTHLOCLEBLT28, bobdeBRTHY, 0L 5 HERFTHEIRK
BHEE ELACHHEROA LA MR L THRF I AT TR bR WES S,
c) wHEDETHEL

WD BFHTRALL, HAc)d Fo THCETRS, BEEOE G HREE T, KLf
KBRBEVCHBREALBALL T, KIUKE &ELZEHLDTHREIL T,

BN b, ZACERIT BT, SMEEER BOKIEHIC X 2B ADOK L L i) T
DL, DEDRILIOELGORLEE L DRI 155, HWIBRYHEBEL O
REBCHEEIR TV D00, TORLEEIHBBE - RENVRECER I AN THRES Y
T, EEXOREBYITHI LB, LirL, BELRTUVWELEL VWL L2 T
Bi¥ooTiiied, TEH, REWEZ L - TFEEBL T 5808, HAEDOLMRIRY > TH
LB IhiDTH B,

=IF (1960) (1EBNC X 545 E U TRRAYILT N 0 & RS SR X0 L 2 BT T B,
LT oG TESRBEMIAE IR EVWS ZEREWI S5 THD, Lnl,
COGEM, ZEN B w, FBHEY B ©, FoRERERIOMELMACIRTW
WL, FRChETCOMRAECEIEALMCTAI LR TERWE SRS, Tihbb, »n
DIZHTNONBRL D2 Ehick LTh, BERIUCHABOLORKI S Z LidhweELDBR
LMHTH B,

N (1963) TR BT BT BREBEAOO L D HTF T D TREW ] L, KH
BoMIXVBEFLEI LN, 20BKI0ETH-T, S ORRAETYT
8o TR EW S BRIFRCL LSO EWH T ETH D,

O TR ORENE] 2 EOBEOBRBICE b Xy, HoE 0 LinbdTtdh
L0, R TXOBCHLT, B WTw5) & RBTHE) LW OBEBERERRLY LB
IR EE R I L TH D EvbFERR b L,

ThIZL b b, BECEECWLAMEL fe b, FIU (1965) 238 % E O &R bic o
WTHRRIL TW 5 L 51, BT oz s, FBRAEIhTW3hiTHh 5,

K% - SFH (1969) i X % &, Davis (1912) i, RIEMR & BHROBEEC ST, LRl
DHBRIPLEROBACERL, BHCI->TOUBUALLEBL AZTAEL, HEEOI-BIZ
BN E e kr ETHDRBRITHDH LD, BHBGIEHEKRCTEE bR ILMA, 5iE
EZO5FRNTHHS LT biE, BRHASIFEC D AT, BEOUMMBIEATE Tt
ERELIRL Tiklebininh, EEMLEL 25 LIERHL T35,

bbb, HAERKBRORCERIEBEL VO TH- T, LB TVMDL 5
2, REBOBELOT VW& ZAHTIE, HENCATEOBEYE BT S L 1ZTEn
DTH D, DR L L Tik, Onbetsu 2 Kamiotoi ®#1< 0 #iz 3\~ T, BEMLEMED
RILHZ L b, FREHLFHBC AT TE LD TEKIEBIL 27 2 &2 BT B 2 & nT
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%%, BRICISERBEL TV 52 22bb -, hRflip b ERTICHT Tt
FhDTHln &L, HROREE L OREBFRIEDDLEEXLNDIOTHD, LK, FH
BRI N O TL Y FFERr Y=~ v R EOERIAEBC L bR, BEBE
bW TIEL, BELCY - TEHET 2y EIT, ABEACHEDLR T3, Photo 25,
26, 271213, THhBOHEED & ~vREHIhTH3,

ChHoMERD b5 X 5, KAEIFRL ZOBETRL OB TREMCHE Shic
Wk Stk s e THE, KAEAOBMAHBELEL Th, REAREDORILIZDOE DT,
BELLHEAR L THEINBTHA5, Lhl, EABREINHRINLEET, »hicit
BOBENeeotetT25h013, BERC L TEECERE TV EARATILOEE
Lbhd, LEEO U, v EOBEELTWBEIARSWIThE L, KEHECEL
BAB L v, T mofEO X 5 AARELFECIRPMEET S &3 T
XD TH B,

COLXSHEBACTDE, RROBAKZ VAL TR I hehie>nT, BE +5o
BRI T, T & LT T 5 BAREISEL ZVCICERED 5\ i
BERBC )bV OODDERDENTEDRESD,

FERFHTFHMX (1960) TiL, HTNOFHRBO X howw 2 w3 ffEL, Fho v
vy, Fw, 7EEEOBHBEMNRY v v F, F2v Y FREEBAL TV EHEZ
RT3, 20X BREHIEBEOH T NI BN THABhE LD ELE[A—THD, &
HICHTE LD AFORBERNMEML T h, BEORCHENELEL TV BLDORBAT
WEBHL, IR HBEROLOTHDEELLRD,

d) ABNMACLEHMEEE

T XD HOBKCAANEENR S ETHE, Fhid THRE) W55 TH5, KE
X, BERECEHEYRO I, (i, FBEL L LCBBREHZ0E 2T, £L T, RERES
AEFFHTRENEY, FhOLELTHBIKREL kb, BORKECbH - TREARENE
BT5LonBEe, ~FCREROBKAEHTS L 5B, ARRETTIRI LA
BN ETHD, ZORABNAOEEIEHEOBRKTH DL Lt ullebint,

RARC X 0 TR EYH S EMCELL BEH D, BRIESY (1) LA X 5 st
WGt khh, BEAOERC L ) THREBHCKEI LT kb, Licss TRRTHT
ROMORDMYERBL BB L RET HLDOEEX DI ENTEHIEHS,

Wl ), KABAOEEBNITAL LT ISk LA WTELTRE S, T
RO T, KREAMERLED, SIEHE I LTVD, Lichis THERIR LD,
WETOETERINAD LT HZ LREANREITHD L LAEFRERLRV, DT, 1
RLCLBHOBERHNECHEBANESETSZ LIXRETHH, KEHREEOSV-RBRIC
BRETHILREDESS, RROBREIC b2 L BEMBOARLICIT 525755 #
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ARIVBUBLLBVWAERYRTEVHBRTWS, LhL, 20k 5 hahidfmoREt
BHEY TEEHY Lo X 5l LBELEBEOHETH- T, HTXbt0 X 5 sl
HECIXER L\,

IR BOBRIIBCERARB V. 2L S BEAL I RO EM A, BAkO4ATE
CROWEELE - TRBET 20 THAS, LL, HEANCELDTREBERRLDOL1ED
NN Z &L, RRLTORTERI S, 7FHOMELSRTHLNREETHS, Lic
Mo T, 3D Bi} 2 $HEBRKEROPHFEI L 0B PI AT LS v, Kl
Bobie 2Ty o RGO FI AENRHEe WL E, RO KRENIBTEEL T
ZHHERD B (B, 1969 b),

AN (1955) 13, T ROMBR BT B AFRBOVEREERRL T B EDORXTLEA, Ly
(F 5 TR (1960) BFWROFL L TONTWB LS, BREAEL R L SBEED
RKEVEIATIE, BAFEHRONF7ABRRBIDZELHD, HENC, ThtHfALY
DX 5 effifEER b ob O, MBOEBRAME b TRHL KT VRS,
o &\, FERRTERROEECAHE S X OSRBHE Ot~ 0 s (BB <,
ERORFILAFOERMAD D28, HBEIEDLDTHETHLLE IR TS, BEL L\
BHETHLEFRE, BREIND7 THEIKRE EBEEZMELREL T35, L FriH
i, RS L TRERBNLLARRE LTOMMifEx b > TW5BZELTHH 5,

4. HIANDEHEMK
a) AT OO HBE

WD BT AV EEIEERLEZRL T 5 2 L1k, ChETOEECI T
BIERAL M- TER, LIe-> T, BXEOWTH H5HEDRENDL, XEOMTH 53
WA L w T S BRERENHT R, BENIDAEYHET 5ERB2OMEFEOD LD
THBHEADIENTED, HLOMTRIBFARCAL BTN MY, BECH TV
RAELICHIRTH S ERETHET CRRENEELY LD 25 LI TERLy, ThBOH
TRYHIBEFERCRE LR TV 230, £4LVEE ISFHL TW54L07REME
LhHoTwb, FLT, BREEREbR T B LD, HARHWELD T, £0&HK
CEOHIBER OEEE L - TV A I EXMbRThiEEbe o TH S, LidioT, bh
PRALE LEEET 5458 BT B0EThthornmmt, BREEBT 52T
O TERERZ L THB,

SOUTHARD & WILLIAMS (1970) 23R MG L T 5 & 2 AR L 5 &, WESMEE L HE
SUEERBELERBED LoD A2~ L TEb 2, PEERMBORELTHZ L2RE
LTEY, TARIIBREILOOHIMEP, HBELEFAL TV 2T X BSELCH T
Twb, UL, @8 (1970) 1k, ZhBFEIC X 55 B & MEDHEN 2 — vic
DWTHLETW D, ZDX O, HBEEPLHEYE I OHBFEOWRNEREELEML T
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HED S8 —vBLE L - TERI LIk, RARKRLORBIREDZ TR, LHEN%H
HACLBEDT TERLI E2HFES T3,

TansLEY (1920) % NicHoLs (1923) 1%, T CRE L DBERT L EEST R bEAEDE
BEMDEE T - T\ 5, 13 75, Physiographic Factors (157 F) iciE B L Ty fo At
b, BECHBEOVWHLESKRTLLBADLE L 0B, Kif, kiE, XM, W (andslide)
o £ OBBE I EEO B8 O\ Tk, Other Physiogrphic Influences & L TIZE A & & b &
Flwishs e, THMOERBENFO X FHET THEINTLE-1DOTH S, +
hi2de, FREHNCHEE 2 - vHrOREYERTI L, FLUHRRBEORE TS
HEWS T ENTEBLMEAS,

JEBETE, ZhETHRIRIDRBCELAFELR TV Rl o, B2 KECHEE
TEHTRDBPESTDTHAS, Lhl, BEHRATTHRORT, #HT~h K=z
LERL, 2L OBFRBEALHT NI 2T - <& LTEBT5X 51 fe, BMMABARICE
LTh, #ITNOBEKELDE N TV 2R TREAN TRV, Thbb, T+ 5R
BAMED o Folo DT, HARBEZ 7L — 25103030 THieDTH 5,

FREOKFHERECTLHLMCEh
feX S, deimE A b KA, FIHOMT
NROMWHAFEL TR D, O L ERE?
BB CcRit - B ToOBRMTERL oI <b
BRIHITTH D, BREKCKEbh
i, $O3Z0RTRPT I OED
BgiconwT, bhbhIKRENS, £
DEREYBL>LLTWBEbITTH S,

BT~ b FEEL LT, #E, iy,
TROE, BEE, MTK LEAREOEHR
ZE-RBRATRbhTw5, L, RRBEE
KO X OBCRE ORAE S KT 5 7 bIEFRMK
HEECHE R I OBR & e 5725 5,
FwEE (ZHEH)

1 WM X 20— L TEH
BoEh, ThbbEALMY v RETEME
2L TWbZ icEHT % (Fig. 27),

2. WERE:oRE—=4E BAEL Km
B ERERLR WECEY, SEEET, Fig. 27. Gentl slope reveales the topographic
W, 248 (BE, BHEES, KiE B, featuxe of ereeping land.
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BIKE, Thb 0B BRRE) «wonTHNS,

3. BHEROHTE—HVRCH b bRBRBC -, WEE, WE, B Ro
FE, HAEREAHREL, FIROHmT oL EL LS,
BiA*E

1 wEE— R, RE, SRS, *ho - 8, B, 8O AR,
BHERE 1R -2K), NEECEE LEEOHEY Shir,

2. WEFHOBRE—KLUKBORELE - (& - MELRY, B rHL TWBRIEE:
Bho¥toRE, BEE - -fELSCRT2BRERORE, EBREBC WTH~S,

3. WHDH OHM——KAKOBEBR (BTN - TEIKES O A4 RS X OHiE),
AL#ERS (P F =Y 77 %Y) BRI ARKROETREORE, $tESMOFREM L QI
FEMR, S @EExHO7 7H, Wl 7 7#), OHBEHORBCOWTLHND,

AT RO OHEWIREIX Table 14 D L 5@ bbb hd, ez, BEMC
SFEMNARD, MEPRTIEESNS , MEHBOVLDIERR TR ARERCED S
hTRETBOBBESZ/RL, MTECL > TRET Ly v EOBEL, »3HMoR/LL
Bo#ExHEL L ETH D,

R, A TR CTREBRARNCHIORE Y ZRTOT, it L TR 2 &mTE B,

Table 14. Plant indications for the landslides in the forest

Zone of landslide Formation k Tree formv b ‘Ann.uz'il ring -

N: Akaezomatsu, Todomatsu, Abnormal crown (N)| Age

Crown~Head Goyoumatsu
L: Bunanoki Inclined trunk (N) | Reaction wood
N: Todomatsu, Ezomatsu Dead standing Tree | Heart rot

Crown, Head ~
Gentle slope | L: Himeyashabushi

Gentle slope N, L mixed stand

Gentle slope L: General sp. Crooked trunk (L) | Eccentric growth
Foot~Toe L: Pioneer sp. Vertical sprout (L) | Age '
Head ~Gentle slope | Shrub: Sasa sp. Dead group

Gentle slope~Toe Herb: Hygrophyte (Marsh)

Head~Foot Bare land (Main and minor scarps, Flank, Clack)

N: Conifer L: Broad leaved tree

b) MINOPILOMES

K (1963) i3, T <Xy OBRARETH HMWBEEERE L LRIV EE, PMMEET BT~
DIebWEL LT, RBEMAMT N RBIET 52 ERARAETH DL 0T b, Eiz, /I
Hi (1963) 1%, REBELHT XY OFRRIbALRWEDONRELEWHEZI NG LABLHTSH
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5LDRTND, feldid, RRLTERLTELI IR, REBERMEFRILLD, ERLAD
T35 L5 REBDCHECRIET S Z &1k, BEECEIRTETHD L TIWES S,

T I THT XD BBILEREROHT N OERTHB LT 57501, B R Ribh b,
P ELBRFEOMT RISV THRERCRE S » TW A/ MBRTXD (7)) -78%
LEDT) 2, FHALLHEE: A2 L - T3 2 280, 20 LCEBILNTELBR
ShilFhulebinnizs s,

R (1960) 12, FAD 4 o+~ D B ILBEEY BROMEM, HEH, LEBRELHEOR
KIERIC X 2 TRBRICRKD, <17 AGRE LT, BROBICIEE & BEEOHEEE)
ZHT T2, £LT, HRCBFESELIETH L 04, BEELEOHERHBFIALR
BLTW3, @8F (1961) L isRABEOBERYDORTED, #Hi<h2, MELZRL TW5H
BHZEE52BWL D ENTED, BEELORBLRIEA—TH 54, L HTND LK
AR EDBIRIC I TIL, T ROBIIRL ) LT N FHOFENRBRS IV EELTER
b TH 5,

REXK, #F N TFECE, DE (1957), NS (1963) REHL THB X5, Tbho
k% & ho, BboBK, AXORSE, MiksEE, RE, KHEOER, #ERoER, AR
DELLE, BHROVME, P KOB R TmsBEENHEND S, LL, BIEIHE
B ThbR IofikEbr b b orTS, £ LU TEBNATMELTE, OF
Aat, HHERN HTKAL, BBE, KHE BTREER 717 - 7R WBR KEX
EDFIROBTI X 2WESCHED L 5 nMBRNAEL DS, LirL, MERIRBHRBAT
BB, e ) ORBIMKRBLLETH D, BEXHFNCBHRMEI IR TXER T
ERVCIREDREDLD B,

WD T, BT ORARICHIR, R, BHEO3ERLMLILENSD, It
2Th, BHOREIXIILEEETH S, R, T BEOTEROS IR T~
YRR LRD, Y, HEAELOHTN)OBRBELEEL P binuns, <7k
LEBEKBUZDORTERL S5, BHRORELIL LEMBEOMELEBHOBEXYEL - LT
XoT, ABNACLIZHTANY KELFRIBRL T udebizb, 2% 0, thigit
TV Thb, ICORPEI > TWwWBTHAIRNDOHTNDIHS 2 Linl, HRiinti
FiIARTTD2dic, FFLBOMELOND C ENEREETHIERLbAS,

t ¥ U
TR, BELS>TRUHTREYED S, LrL, HRESL L ToMT Xt
BUAEAKIC 3 b h T e B R OLIBEIC 34 T 4 IR S - T e & & 2% Bl Ok E R
HRAOERCL T, LEWKHLICR s TEi, Zhit, koA L BRicE

flid5REBE AT THERL L THRIALLOTH- T, FHROBRLEEBHBEL T, %
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LuWBsrmzizd bbbk iulieblion, 20, IR » TH38BORAHR
2, W EOHEHHOAEBTCEXENRERAZRIETEVIELFHERLILED LWL D, LXK
RO T, BBLOOHMRBENI FLA AL IBROBRONZEL0ITH
bEboTWAHIENbnD, VWalEd, TR OBKILS ZHHELDTLIVEREYR
LTWBIER, L 0EKBORAB/KIZEWTHENIDLR TV, Tibb, BAPHERY
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Résumé

It is necessary for field study to interpretated nature as a changeable object prog-
resively. The forests and the mountains are the complex of a great many elements,
and the former is groupe of living thing, and the latter is compound of the inorganic
matters. Many climatic conditions influencies to the foreste and the mountains that
themselves are changing yearly.

But these changes of nature are not recognized sufficiently. Especialy, the debris
movements on the mountain slopes are one of the unknown phenomena in relation to
forest vegetation.

In this thesis authers dealt the transition of ground surface on the creeping land.
For creeping lands are instable slopes that are changeable aspects.

Methods and materials

The form of a slope is a result of geological processes of the past, then the
morphological history of the slope is understood by its surface. It is well known that
true developmental succession is a result of vegetational change in the conditions of the
habitat.

The age is determined by interpretation of geomorphological features in the rela-
tionship of the slide body to the superficial formations of the known age, and of the
vegetative conditions.

The state of tree growth is indication of the age of recent sliding movements.
Trees on unstable ground tilted downslope, tend to return to a vertical position during
the period of rest so that the trunks become conspicuously bent. Annual rings are
formed spring wood (early) and summer wood (late) yearly. At least, the number of the
rings reveal the age of invasion of the trees. ‘

Abnormal rings as narrow, wound, excentric growth an reaction wood are evidences
of the tree life that were oppressed by the changes of environmental factors. The nar-
rower rings are dealt on the relation to climatic conditions (temperature, rain) and erup-
tion (ash-fall; interceped sunshine, plant competition). The wounded rings are reported
as records of fire and floods. The excentric growth and the reaction wood have been
explained as reaction of climatic condition (wind, snow) in commonly. It is understood
easily that the trunks are leaned by the force of typhoon and snow avalanche. But we
have never neglect that the trunks are inclined by the change of ground surface.

In fact, the inclined trunks with variable direction are observed on the creeping
slopes. Plants are seldem live on the slope that surfaces are instable all the time.
Therefore we know that tree growth reveals the static conditions of ground surface
and abnormal rings reflect the dynamic conditions of one.

Plant indications for geodynamic processes are systematized as follows:
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Meteorological Geodynamic Change of
disasters processes vegetation

—Abnormal crown

—Snag

—Appearance ————————Tilted and crooked trunk
—Vertical sprout
—Wounded stump

—Abnormal tree form—-| —Abnormal ring width

—wounded ring

. . —Eccentric growth
—Tree ring analysis—

—Reaction wood

. dPlapt o —Age of vertical sprout
indications Hert rot
—Appearance —— -
— Abnormal root system— }—Adventitious root

—Annual ring analysis—

. —Tolerant tree
—Conifer

|—Intolerant tree

—Tree invasion — —Dormant seed

-—Pioneer species—

—Broad leaved tree ——i —Non-dormant seed

—Tolerant tree

Investigated sites are Kamiotoineppu in the Teshio river basin, Muri in the Onbetsu
river basin and Furenai in the Saru river basin. These sites are creeping lands that are
covered by forest vegetation. The collected samples are Todomatsu (Abies sachalinensis)
at the native forest in Kamiotoi and Onbetsu, and Karamatsu (Laix leptolepis) at the
planted forest in Furenai (Table 1).

In this thesis the tree ring analysis was applied on the reaction wood and the for-
mation of the pioneer trees.

The pattern of the reaction wood is classified fllowing groupe foundamentaly. Four
standard and compound types of sector were recognized as follows;

Type A : Reaction wood decreased for several years
Type As: Reaction wood disapeared within a year
Type B : Reaction wood increased gradually and decreased for several years

Type Bs: Reaction wood increased gradually and disappeard within a year
Type C : Reaction wood with two standard types or more.

Results and discussions

Results of the tree ring analyses were summarized in Table 2, 3, 4, 5. The de-
creasing parts of the reaction wood in type A and B have been not calucalated as the
age effected of ground surface changes. From the view point, in each investigated sites
the moving age are presumed as Table 6, 7, 8, 9. The moving areas on the slopes are
summarixed as Fig. 18, 19, 20, 21. In these figures it is understood that the slope
movements take place gradually, alternately, repeatedly and the individual areas are not
same. In other words, a part of the slided mass glides at one stage and then another
part move at the following stage.
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On the basis of an air photo, we can determine precisely the boundaries of a land-
slide, as the scarp of a recent slide appears sharply limited against the contiguous intact
area and the slope surface below the. scarp is irregularly undulated with ponded depres-
sions here and there. The active landslide are characterized by a fresh appearance,
which the head scarp is steep, free of vegetation cover, disturbed vegetation cover, are
cracks are open. A very ancient landslide is recognizable from the slope that was
sculptured by erosion and covered with waste redeposited by rainwash.

As a rule, the character of vegetation on the slope affected by sliding differs from
the covering the undisturbed adjacent slope.

Slide habitats may be classified into the following types:

1. bare cliffs and ledge

2. rock debris and talus deposits at the foot of the ledges and steep places

3. areas of erosion at the foot

4. residual areas

5. areas of alluvial deposit.

On the slope of the creeping land the vegetation are affected by such phenomena
of debris slide and avalanche directely. Some of the phenamena of soil creep are pho-
tographed in Plates. Grass may be able to maintain a continuous sod cover an area of
soil creep, for the downslope movement is measured in centimeters per year or less.
Often creep is detectable only from the uphill curvature of tree trunks that are many
years old.

Breaked and inclined trunks reveal the static and dynamic period on the slope
movements. After the trees died take place change of the vegetation. On bare area
migration of many plants starf, then competition occure. Change of vegetation 'are
influenced by frequency and the sphere of the debris slide. '

In cracks, crevices, or small sediment-collecting pockets, invasion is much quicker;
by any of a number of possible pioneer specie$ ranging from certain mosses to species
of grass, sedge, rush, herbs, shrubs and tree seedlings. Pioneer species appear to have
broader ecological amplitude than terminal species.

Ring counts of young trees suggest that the tree was in a grove killed by minor
slide about 1954 in Kamiotoi. It is important that revegetation is affected by -weight
and sprading of seeds. For ex. weight per 1000 seeds of Salix is 0.1g, Todo is 100 g,
Mizunara is 2,400 g. The bare land is covered mostly by the lightest seeds, and repro-
duction of the tree is affected by the distance from the bare area to the parent trees.

In the creeping land the slope surfrce and the vegetation change irreversibly for
a log time. At last conifer survived on the ledge of sliding area (crown), broad leaved
trees growth on the gentle slope, the pioneer trees invade into the middle of slope to
the toe (tongue), and many grasses of pioneer species occupy the toe. Such aspects
are expressed in Table 14. '
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AN T | Y I T
Photo 1. Inclined stem (Larix leptolepis) at slidedslope of
Otobe landslide in 1962 (photo: 1964).

Photo 2. Cross-section of inclined Karamatsu, showing the reaction
wood (1963~1964) that formed by sliding in 1962.
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Photo 3. Inclined stem (Abies sachalinensis) at slided slope of
Koganeyu landslide in 1966 (photo: Apr. 25, 1966).

Photo 4. Cross-section of inclined Todomatsu, showing the reaction
wood (1966~1969) that formed by sliding 1966.
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Photo 5. Investigated slope in Otobe-I.

Photo 6. Investigated slope in Otobe-II.
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Plate 1V
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Photo 10. The reaction wood of Todomatsu (ditto!
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Photo 11. Inclined trunks at the slope in Kamiotoineppu (Todomatsu).
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Photo 12. Cross-section of Ezomatsu (picea jezoensis) stem showing
well-developed reaction wood (Kamiotoi).

Photo 13. Cross-section of Todomatsu stem showing well-developed

reaction wood (Kamiotoil.
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Photo 14. The reaction wood of planted tree (Karamatsu) in Furenai.
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Photo 15. Cross-section of Karamatsu stem showing well-developed
reaction wood in the interval of 1962 to 1964 (ditto.
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Photo 16. Conifers shifted by Sekihoku sliding along the
Daisetsu national road in 1965 (ditto).
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Photo. 17. Cross-section of Akaezomatsu (Picea glehnii) stem
showing scrollshaped reaction wood.



Plate X

Photo 18. Todomatsu shifted and curved by Rubeshibe sliding
along the Daisetsu national road in 1957.

Photo 19. Cross-section of Todomatsu stem showing the
reaction wood 1958~1968" (ditto).
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Photo 20. Debris slide at the Shiranuka working area
(National forest) in 1966.

Photo 21. Cross-section of Todomatsu stem the Shiranuka slide.
The reaction wood were formed in the interval of 1966
to 1970, and formerly (ditto).
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Plate XII
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o B - B A Plate XIII

Photo 24. Vegetation on the gentle slope and bare land of minor
scarp in the landslide (Minamihoroka).

Photo 25. View of creeping forest that are thin
stand of broad leaved trees.
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Photo 26. Vegetation on the slided slope continuously.

Salix sachalinensis, Alnus hirsuta,

Petasites amplus, Artemisia montana, Cacalia hastata,
Senecio cannabifolius, Angelica ursina,

Heracleum dulce.

Photo 27. The toe of creeping land in Minamihoroka.

Disturbed vegetation cover reveals recent slides.



