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Fig. 1. Location of research plots.
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Table 1. Specifications of operated machines

7 =95 —s3vF % Feller buncher

IHHE Item Specification
2K Overall length 5,128 mm
208 Overall width 3,002 mm
25 Overall height 4,208 mm
REE Total weight 24,000 kg
v A Engine horsepower 174PS/2200 rpm
BEETEE Maximum travel speed 4.7 km/h
=t Track shoe width 600 mm
T Ground preassure 0.5 kg/cm?

759 FWVA¥ ¥ Grapple skidder
IEH Item Specification
2K Overall length 8,210 mm
] Overall width 3,045 mm
25 Overall height 3,226 mm
WREE Total weight 15,790 kg
o vHh Engine horsepower 177PS/2500 rpm
EEETEE Maximum travel speed 41.8km/h
FHEE Undercarriage # 4 — L wheel
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Tablr 2. Stand structure of the research site before cutting

) K R (m?)
&KX 2 Number of trees Stem volume
D.B.H. classes -

N L H N L i
Bl K (~4cm) 29 88 117 — — —
INEA (6~24 cm) 37 3 40 4,62 0.06 4.68
R K (26~38cm) 23 1 24 16.83 0.83 17.66
AEAK (40cm~) 24 5 29 44.89 17.65 62.54
& & 113 94 210 66.34 18.54 84.88

&) N: $HEERH conifers L: [5ZEME broad-leaved trees.

27K, 233957 YY20KTHSH, £D5H5D 94% FBIK WEHEE 4cm LITF) T, 6
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BoTWB, BRED 78% 3 TERI N EHYD, KERDVERD 74% 2 LD TV 5, [LERIL 5 KD
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Fig. 2. Location of reserch trees.
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Note @: conifers, O: broad-leaved trees.
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Table 3. Species and diameter class composition of felled trees

AE & (m?)

g # X 9 Number of trees Stem volume
DBH. classes — -

N L B N L H
Bl K (~4cm) 0 0 0 — — —
IMEAR (6~24cm) 0 0 0 0 0 0
thK (26~38cm) 2 0 2 1.98 0 1.98
AKEXK (40 cm~) 20 1 21 39.45 4.14 43.59
& 22 1 23 4143 4.14 45.57

) N: 1% conifers L: [53E# broad-leaved trees.

EHEECLE6DTH B,

KEARDIRILBER3DEBD TH B, REARE 23 RKIFHBEARLED 11% 12475, #iFE
BIOWRE N F=Y 10K, =V=V 11K ThHAZVY, F4H oK1 ETH L, KERD
MIrEmE R (E 38cm~66cm T, 91% AESEZR 40cm LILEOAKERTH 5, KEATHIERIN
Bh-1cDR AT TH B, (KIRMIEIFAENRSLIARD 5495 1AM L, M2 0BEORIKT
HBHENVZ D, BB, KFEROKEIZ 21~28m (FH255m), 7 o— xRk 5~14m (F# 8.2
m) THd, TS LRAMBERLILDES 75 v AT, OHERD 7 0 —2Fik 10m LT T
5 el f:o
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7oy PADEARME Y S v 7R F FICKDEM UK, EVMBMEIOIIAL O
TOBMZRNEL T, £OREMEEEICKEBMNES 7o » MECER L K-313, 7o
b 1~4 OKHBMIKAR LIz DTH %,

7oy b I~4 OEKHBHIRKE O, 7 = 5 -V F v EFTHHL, RIS & 2EARMH, 25
TNRF y FEEETHM, 75 FNRF SEEETHM, 75y 7R+ 5 FEHEETH
MO TEMEL 2B L OIEETHIOEREE2 7Y 9 1 F— 2BV TKRD 1, 20ERIE,
F4ITRTEBVTH B,

F4 X0 EKHIERICh LD - P OKRERIZ 1,3508m2 T, 7o v MAERED 56.3% % .5
BTVBIENDME, FDIET T 7R+ FOEBEETICE » T U - iHER (&4
LU BHEEGEE) 3 1,237.2m2 T, 7o v MAEE®D 51.5% 25D TW5, T OHEKER
RIS D 91.6% 1CHM4 T 3, .
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12K <, HEKETAA OGN, COHIC-OVTRMES bIEHL TS (EBHo, 1990; WE
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Fig. 3. Disturbed area map by logging operation.
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Table 4. Disturbed area by logging operation of each disturbance type

oo PR (m?) & (%)
Type of disturbance Disturbed area Percentage
7 = 5 =Ny F wETH 56.6 2.4
RiFic & 5 EIAMH 11.0 0.5
75y TIAF y FIEREITHT 46.1 1.9
75y TIARF y FEBETHM 1,032.3 43.0
75y T RF y FEBETEME L 204.9 8.5
it 1,350.8 56.3
(FEETTHE) (1,049.2) (43.7)

HNTAEUEETR L, ChE7 oy b 2 oo (KA ERERFRE <, HICER L -8k
HEEHEEZOND, VI v TARF Y S KBAEMETIAICHAILIL 7 27—~V F + D
EfTHH AR 2 3663 m? T, 7o MREM®D 16.3% £ 4% 5, EfTHEE 1759 m & HilE
3002 mm H» &3k S A EAGETI AR 2 5281 m* THA &b, ZL5[% 161.8m?ic
YT 2EMTHEE LI LT3,

759 TNAFy FICEBRREME, 1E%D 3~4K%E 77 9 7L THRELTETT A7
¥, HOEHIEIZ S 5 v TR+ FOHERLY bIEL, - TUKCBEEEE5L5IL 6%,
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Table 5. Disturbed area by logging operation of each disturbance intensity

EE PRI (m?) E& (%)
Disturbance intensity Disturbed area Percentage
of strong 204.9 8.5
1 medium 1,032.3 43.0
55 weak 102.6 4.3
ey very weak 11.0 0.5
it total 1,350.8 56.3
(72 L) nothing (1,049.2) (43.7)
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KA DEFED 5D BEGEHNTHB & & L, F-5 3, WHIEELERMMmHEE R LD
TH b, W & EMEL T, £0EEI 2049m? T, 7oy MEEED 8.5% % 5%
TV, “f” EET 5y TNVAF o FEEETHHT, ZOmEIL 1,0323m? T, 7o v MMEMH
FED43.0% £ > TW5B, “§5 L3 7 =5 — v F +BTHMBL OS5 v PR+ §F7H
EITHHIT, “H555" & IMEERAROKBITH 2, TNOHD “FF, IS 1M/ HiEREE 113.6
m? T, 7’0y MAAED 4.8% L1 - TW3, COXRL D HHBEIEEOE AR OINEVL DR
“f” THBI Lbrb,
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RERDRIIIE 6 DEBY TH B, KEEAREE LIV KRB OAIIT 187 K TH S, C
DIHL, HKapEEEZIT b DIE 67 KTEREAEREKD 36%, HAWHEEEZ T DI1E 33
ART18% THD, FEb D 8T A (46%) 3RO ELE LT TRV, KaliaEEZ T 1<
RAFARD 79% BBIKRT, 18% M/NER, hBERIIMENIT 3% THb, Lichi-T, BHIEE
EZ T ERGAOABOENIMIEII/NS K, HAREED 3% KT &LV, —F, WHTEE

=6 HEAOEERN
Table 6. Damage of residual trees
(Bifi: A& number of tress)

B i RS o HIIRE R
% B K 5 Fatal damage Partial damage No damage
D.B.H. classes

N L it N L it N L H
Bl K (~4cm) 12 41 53 1 7 8 16 40 56
INEAR (6~24cm) 11 1 12 4 1 5 22 1 23
fiEAK (26~38cm) 2 0 2 14 0 14 5 1 6
KEZEK (40 cm~) 0 0 0 3 3 6 1 1 2
& &t 25 42 67 22 11 33 44 43 87
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AEZ b DD5 B 61% 102t B 20 K3 « KEARTEIKIL 24% TH 5, |+ RERDOEIS
DBV, WHHEEROMEIZTHEARLMAD 28% IcHMT %, £/, RROEEELZII T
R OBIAOMBIIS IHEEALED 16% TH 5, LrL, ZOREESII/NEKRTIE 56% (23]
40) THBHDIH LT, HEATIZ 25% (6/24), KEARTIZ 7% (2/129) LEBRBRELLBIZD
NTEL B,

KAYHEEONFRIR, THRHO O 28 A, REIL « REIAH « IR D DIREED b D 25
A, it « TIHNO bOH 10 &, KEHGRHREBRMIC X > TH PN bDOMB 4ATH
D, ThoRTRTHELTVWS D EAELENS, HAWBEOWNRIEE, B3R icEHGE
S bD 24K, ERLALODIERTH S, HBOMBRMEZE 1mUTATIN Z2E5EDTED,
ChEE7 25— "VF rOBIBLUVEMERZ L - TELL DERONS, 2m LD
BoHiR 3 ABEs NI, IhoREKBERCE-THELCZSDER SN S,

FERE O AT R R LA BV BB IC L 3 &, BHNERERIEREARD 8% LMRELT
WL (BHS, 1990), ChEBERFAOERE 10cm Pl bE Lz T, ORIl
DA AAEMICBVTS 12% &85, UL, EFESOABEBMKHIEERDOEFIRIIC
HBDT 10cm RFEOIIAICOWT HIBERRFTAE LT - 1o,

B DR A B & EMERIC T B EHTE S (BT, BERDAFTARKIZ 100 &
THBHN, 05 bEREREERTE S LORBOIRGH 31 &K, WHHUEES 10 KT 41
ATH b, 121 L, HBHGWIBEARO—ICIIZ ORETRIEGHUISBE TR, EMoBRKT
KAEBILE-1bDNH B, £, KEAKROHETRIEELZII TVRVEERDEESIZ 78%
TH BN, EMKICIZ 6% L1585,

£-7 ERAH S OIEEIC & AREAROEEBRI
Table 7. Damage of residual trees in each distance classes from felled tree
(Bf7: A: number of trees)

Ry By
Damaded by felling Damaged by skidding
o B2 0 ORITAD > OB B0 OBRAD 5 ORRE
g Distance from the nearest felled tree Distance from the nearest felled tree
5m> 6~10m 11m< Total 5m> 6~10m 1lIm< Total
HAniE(E Fatal damage
TTHAH 7 3 2 12 9 5 2 16
BELSE 6 0 3 9 6 10 0 16
hifhia & 3 3 0 6 2 2 0 4.
gl k& 4 0 0 4 0 0 0 0
/It 20 6 5 31 17 17 2 36
H45YHIIEMS Partial damage
BT « B 2 4 2 8 5 7 4 16
#lo 1 1 0 2 2 4 1 7
Net 3 5 2 10 7 11 5 23
BEARRET 23 11 7 41 47 39 14 100
eI 43 66 37 146 19 38 30 87
&t 66 77 44 187 66 77 44 187
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20m Pl L B W EHEFHICIEES RS ODEEZ SN B, KIFAD S 5m UNIKBEAEKD
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WIEE, ElSRKEVEEEEICRET B, 53N FOBRT, B Lo L, D250 6004
L, KbBHRPIZ, THQEABUCKHKNIIBI 2 200890 En DRIE, 254 3 #
7 A vo GEH, 1956),

" —
BLUERQE2SUNFEK (HEF) DLLEDRIRE,

Q= K =2aF
o,

— N _ 2L,
P Q  nF

THZoh5a (CE£HR, 1985,1986), & 52, T I T Lo 2HEmONEHANTOEITIEERE, L, »
BEVIAOYRLEMIFD 12 2B LIRS E¥RE LEEYERE A WIEHAOTTOI
RKicoWTRBLbbEALBDEL, PEISIT L, TRICEICE - T, EHROETEHY- YD

KR EDEBEE EDFETE 5,
_ P _2L
EkLo—nf

M ARHEREE % 200~1000 A&, ha, HFjDOE%E 2.0~3.5m (W& DIE05m 288) TELS €1
DB 1E DFHEER-4 1R T, RUIILAREE L 387 &, ha DRI, A 3564 m3ha
EWVS KIS CHABEMS LE LRETH B,
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K UICHMAZET LM S, IAREDES, FEEEVRIREBERY = 5 -V F » 25
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Fig. 4. Tree density and expected section between trees which a vehicle will encounter.

RELTHBGEIAROHEBICOVWTEZ S, FlAIF, BHIEH 25 m OB, LARERESH 200
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KB SHEIEL, &5 THRFNLTERT 5,
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SNEHEHBAS KX SOEBBMBETH S, FARMTHEAINCETRIZ, HEEOKSH5182mm
T (&), 20 EHIcREVI Lv—vEMd D, KEXYWLEDERHEWV EEmIZEHICETE
FTEXRTVOT, 2RELTIMBOEMMSHNETH L LEZ LI LENTE, ORI, 1EH35
m D3 300 &, ha HWIEE OV ABEOMS TRF NI, ETARECERNEGLNLL, &4
6, fFEFMOITONIMNR, Thi D SIUAKESE,L-1cDOTHY, AVSNIEHEHIZZ
DORBRHNCIIRET ELEELL Do

Mb 5% D3, EERERIIH17%, LARFEEIIK 90 K, ha TIHAILAELKD 23% TH
D, ZTOBREDSOMANBEOREEZME LLEELZLD, AW EDIEEEATIESOm
O HE T3 EERERDOBAS 13K 6%, AR TI3H 30 K, ha, I ARED 8% L7350,
WHEEFOMKNETIC L » THRAET 5 LHIFS N 28I X 2 I ARDIRBIIEEICE 5,

AEMSD T, WEER 6cm Y LOFEKRT, IK93 A (FEE 3874, 'ha) 055, KEIE
B 18 A (75 & ha) MiEE%E S F 1z, Th oI IMREIEERICE 1T 2IREBIR L O &I
XBIBELEENEY, TOAKOTPARICED AHEII19% TH S, COHFIEIYLEDIE
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ESATHIETICHEREE 35m & LGS ICHBEHRNETTHS T X 3 IAEE 2 FHEHKsS
DV AREES BB 2 HBIAV, HIROK/NIXEROREREICEEL, & I AEES
400 & ha §§IEE OFBEMS O & 5 BHRICB W T, XEARORA ICHET 5 TAEK DG
K43, BIE25m & 3.0m (WEVIF0S5m 2L EE#NFN 3.0m,35m) Tit, #EHETH
WNIARAD 8% & 23% ERES RN E, COBEOUAFEICBVWTIE, HIEO25m»5
3m NOILKRAILAK E DHEARIC K M ~OEEBEFICKERREVEEANT EEZ S0 5,
1) BRERORERR

A IR X OBER O TH 5120, KFBIIFEHAH S OFHRDOEEBLZIT P
T, 51T, 1991 FOFRIRICL > TLEBE ED 20 « KERKOZ L MkiRE koo, BEL
fort o KERDZ T 2BEREKEA LD BE -7 bDEEZL SN, 1992 F 5 1993 £ H
BRI 84, KREEFIOERED 11% b5 9.34m® ORABASRELTWVWE, hsDFEME
KiFOFN b KEEERHRERME E /- 3EKBIRIC X - TEROIBEE2ZI BATH D, +XT
FEHEAEICAN TV, ThoDEBAKRD S B 5 AL, BEEFR» SEFENLAD, BEDIE->
foihl B 2~10m OB OO THIFNDOIRRETH 5, O O 3 ARIIFFICTH » 7o FE L1
LI TR, BROHLERICHALIEEEZZ SN TIBENIC DTS S5, 1991 Dk
WHRTTE RBRICEA ST et « KBEK20EDSH 6 AMEBARE S ->TWB,

D) BREAORLE

BREAR112A0S bIESERE 10cm UILED 47 RKic>WTHBEORLERYE L (FE-8),
CDHL 8RBAEBICLOMIE LD, 39KIODWTIMT 5, SEBLEOELEED 10
BRPEFRMAS 6 SLIT T 555 SHEENIEARIL 30 KT, TR AD 77% icdb - 5, MI&
13 15.05m® TRIRAIOMDERED 18% 1chc b, T, b F<v 1 A3 1993 FEH» 5 1994 4
DHFHBDORNHETE L 1o BEDEFEARDS S, FF=wvid18&kdf 144K, V<v 184&H15
K, THATSTR LA LAY [FEE] LHEINLH, Frh N3 aRTTH (L]
LHES N, TV Y e THI /oy aihn s T 2RO ERMIBEDIRKICE > TEEL
BRL s totcd, KAKHOZBLEBEDOSF 0 ICHBRICKIG L, KEOMELETET 3 &
Bbohot, TG LTEBED S 7 # v NIBIROZLIC L 2EBRARLERIED SIS -
7o

RS, Rt BRICEEZI HEMTRIEER 16 KD S B 14 A4 [KFF SHESHT
BY, 5%, HELEESCHBOENSMA 5088, FizicEBBIARORE T 2 AR SV,

4) KRB OEERLS L UEFKR

7) KEE#HOMmROIKR

FHE 7oy P ORKHBEBROHEBORILEIEIIRLALEBD TH B, HWHIOEELE L, 2) (XE
EMEERHI ORISR L LETHHO S EHicE S Wi, 2hZho 7 e v MR L fdittoE
HEAY Y OWE L HEOBHEICE-TASE, ROEBHDTH -1,

BARMHLIZIEETHITES 140cm D7 = A F4HBBEL TV 3, BEED (55 ItV Tid,
EWRS 42 25% LUFELD, REFLH 45 10~100% 2 EHTWS, TEOBHEL 1~
50% &8 >TWB, 75y ZIVAF y FEEFETHMTY 23071 <, TEALOEZIHATL
b, [th] TRIEFERH M 0~10% L7230, RIEERY 445 10~50% 25D TW5E, TEOR
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Table 8. Health evaluations of residual trees four years after logging operation

13

Ht i HoEmE R KIRE % 1Ki% 4 %
Species D.B.H. Directly Four years
bRy 42.96 cm HELL =59
NN 35.60 FE L HitE
FEwy 31.85 gL =5
N 31.25 -2 10 =80
kR 29.40 BERL e
NSV 21.30 -2 A =55
r Ry 20.20 Bl L =55
K=y 16.20 Q‘@U L 4
N Ry 14.45 L =G5
NN 13.70 %2%% L =55
bRy 9.65 PR L e
N 37.15 ®E b=£5
N 30.40 B 555

Xp py 37.05 ®BE 555
¥ K2y 3450 BT - 815 55
*h K2y 30.75 IRy « %15 JEE]
Ry 36.20 BonE =35
bRy 23.50 ST ] =5
¥ Fey 36.00 ST ] =55
N 28.05 R JeEl 51
N Ry 30.95 RoTE e
XL Ky 21.85 1 - B JE
/ey 30.90 L =55
/ey 24.30 B 5=Ch]
ey 23.35 B L 5=80
ERVE S 22.55 RIS =95
/ey 22.35 -2 190 =55
ey 19.60 %2%%.% L =55
ey 17.95 RS =99
ey 14.10 s&ﬂfa L =59
/ey 9.65 BRI =55
=y 19.20 BRI e
/ey 18.90 PELL ey
BV 35.85 [ w5
X1y 17.75 g =8
ENES 33.00 g JEVE
ey 14.10 BE JEE
1)y 25.25 815 - i =55
LR RV 23.15 T « i w59
vy 40.10 BeE w355
/ey 35.55 s 55
P 39.25 R ]
/ey 32.55 RociE JE
*1 ) 2y 49.90 o < #Rlg e
THI VY 31.45 BiE =i
L 2 71.60 ﬂﬁﬁmb e
G h o 34.65 BB &4
TN 43.85 *Eﬁ: < B &4
I 2 41.70 RITE fes
*3IZF S 73.10 B e
FFATF 10.95 22000 e

KA 7 = 5 — NV F + OEEBEZ T 10 T L ERT
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-5 HAERNEAOMESL L TEEGIKR B8 HAEXMNRAKOMES &K VEBKH
(PLOT1). (PLOT2),
Fig. 5. Location of research trees and Fig. 8. Location of research trees and
damage intensity (PLOT1). damage intensity (PLOT2).

-6 fRiRicE bR OHEBAREEMIZLE LT -9 k{x.h_bmv} EREEMITE BT
3 fE5A (PLOTI), 5 HHEA (PLOT2
Fig. 6. Location of damaged trees caused Fig. 9. Location of damaged trees caused
by felling and by skidding. by felling and by skidding.

-7 4% 4 FH ORI (PLOTIL). X-10 f{&iF 4 FEROKFRN (PLOT2),
Fig. 7. Location of dead or declined trees Fig. 10. Location of dead or declined trees
four years after cutting. four years after cutting.
i) AL EEA, B =K, FAL i &) FRh mEA, A=A BAL: fh
HA. HA.
Note: red circle: felled by mind, yellow: Note: red circle: felled by wind, vellow:

declined, white: dead. declined, white: dead.
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X-11 *if’ixi'%i?#\@{‘f L BN K-14 HEHRAOMES X UEHEKXN
(PLOT4),
Fig. 11. Location of research trees and Fig. 14. Location of research trees and
damage intensity (PLOT3). damage intensity (PLOT4).

K-12 fkfRicE b5 ﬁf‘%* EEMITE BT K15 {RIicE b HERLKHMIZL b7
’JfHu/MPLO S 1E#A (PLOT4),
Fig. 12. Location of damaged trees caused Fig. 15. Location of damaged trees caused
by felling and by skidding. by felling and by skidding.

BI-13  (%iF 4 FER BRI (PLOT3), K-16 {%i% 4 Fi& OEFFIRIL (PLOT4),
Fig. 13. Location of dead or declined trees Fig. 16. Location of dead or declined trees
four years after cutting. four years after cutting.
) ?Z% BEAR, #HAL FEA B F &) }j‘ufi BEIA, #EA =EA, 8L #
HAR. HAK,
Note: red circle: felled by wind, yellow: Note: red circle: felled by wind, yellow:

declined, white: dead. * declined, white: dead.
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Table 9. Surface conditions directly after logging operation

7oy b mx TYORE two  wmmgo

No. AL MO (cm) e A gy BRHE™ S (cm)
-1 EskR JEET 140 5

2-3  BfRMR  FEETHE 140 5

1-2 5 KBRS - 5] &t LB 140 2 5 1 0
3-3 5 7 2 7 —N v F o EITHIM 140 2 5 1 5
4-4 55 T 5y TINRF .y FIEEETHHE 100 1 2 3 5
2-1 b 75y TR F .y FEBEEITHM 80 1 2 4 30
32 if FlEE+ v 5 5 THEETHM 50 3 2 20
2-2 i 75y PR E .y FEEREEM — 5 30
3-1 o [E]_Lic & 2 Eprmifbifith 140 1 3 3 30
4-1  HiASE 7V b — FHEHARIC & 2 A X Bt 50 1 5 10
4-2  Hipsx TV b —=HFHEEHR I & B A X B 50 1 5 20
4-3  Hipsx Tov b — FHEERIC K B A X Bt 50 1 5 20

T A RIERRSSD, WEBIRMEEFEZCIAREF 6D, #HEIR 5: 75~100%, 4: 50~75%,
3: 25~509%, 2: 10~25%, 1: 1~10%, +: 1% LI NCRY.
¥ OEHLRE > L HIEORBEHAE+ g L E UAETRT.

HUEE 10~78% &8> TWd, (98] O3B 75y FIVRF o FEEBEOFHIZ 032 1
<, L#EMemcHIH L Twic, £hick 2 B ELERII R RICH 50% ORIEHR 75+ +
BT, EfTHOOE L DESIZIRET30cm TH - 2, BELEOH W7oy MIEHFHOD
WS, TEOBHBESKE L ->TWE,

(A & ] EERHEERCB VT 10~20cm OFES THH DIREB LU A BhREI ATV,
1) A FROEERLLEEHIKR

fRHR 4 FERIDO A ZELIC D W T IRAAE & OEPIHAR—E R E X -10~13 1R L 72,
B (R-10) IS & » THIROBEHFRIZ A3 &, 7 <4 ¥ B 5T 2 v BIEETH 2
B, EDIBEVWHETI VA F T, FrAavN, FF=yY, Jav Nt CHERZY, LTy
VY, ARV FNFREBPEL TV, BAEHTR VIV NES S, T+ 7%, v 58
ZAABIRENEL, 223 I vy s ERBE LN,

FENEEEETH S~ Foy, 2V <Y OMYBOERRHD TRETH 5,

O/ =4 FH+BLUPL VA F TOHF

EAMOEIICR G EEARIFT EAONL IR A FH E IV A F ITOWBEE-14 12T,
KA SER LTl s <4 9903, #BELL72 7oy F TR 1, 2FERIE B shE4 B
P, AFRICBETEIWEESO TS, [§9) (] B (8] 07 7oy rthe 7oy
MY, AFRETRBE AL LIS <A 9 DBREL TV S, [ D 2-2 7oy McBLTI <
A FH OREIEFEN TV 20, HEGEOlPH TR 1B IR £520 T, Kidd»HE B
fELT0 720 THD, 4FRICRATHOEE 4 1ZEL TV 3, HEELBOMKICAEIZEAL
T/AF TG, AFRICBOTHE 1I~4 18Rl v 5b, AMEAKTIR 31 7oy b7+
ZT7F, 3270y bDANYITY Y PBEEATICHEAEB TV S,



KIS A R DS AR i I RT3 17
#z-10 R 1 FEoEYERE

Table 10. Vegetable composition one year after cutting

19927 A 16 H {RIBROEH: 14
SR 2v:i 59 28] ® Hihs %

Ly 8
1-12-3 1-23-34-4 2-13-2 2-23-1 4-14-24-3
VAl Sasa senaensis 5 b 3 4 3 3 3 + 2 1 1 1
TVAFT Rubus idaeus + + + + 1 1 + 1 1 1 +
var. aculeatissimus
§ 4 h N Betula ermanii + + 1 + + 1 1 1 1 1
=Y Abies sachalinensis 1 + 1 + +
/Y Picea jezoensis + + + + +
Jay )N Euonymus tricarpus +
N Querucus mongolica +
var. grosseserrata
FHRTY Ribes sachalinensis +
A AN F Vaccinium smallii +
ATy Vaccinium praestans 1
HIAVF I Daphne miyabeana +
J¥ Y FFNSF Cornus canadensis 1 1
M4 | Ferns 1 + + + + +
x v ) 3y NLT S5 Galium Kamtschaticum + + + +
245 ] Carex spp. + +
T*ITF Petasites japonicus 1 1 + 2
var. giganteus
+rTIY Achly japonica + 1
NIy Senecio cannabifolius +
FrOF LI VY Disporum sessile +
EE . VIVA] Maianthemum dilatatum 1
TH /A 33U Actaea erythrocarpa +
Yavu<w
=57 Cireaea erubescens +
Y=FFav Peracarpa carnosa +
IvwwysvE Actinidia kolomikta 1 1 + + + + + + +
AIHI 2 Schizophragma + +
hydrangeoides
YT VYA Hydrangea petiolaris +
a4 % Mosses, liverworts 3 1 + + 1 + + + + +
FEYTERL 11 9 10 7 8 7 8 3 14 6 8 6

[Hipsx |3 7o v b TIHMEHBELXICHANTZ =4 ¥4 OEENE D, Sz V(4 F ITHHFL
WETHEL TV,

@5 A vos, FEeYBIU Yy OBEFIRNA

FTBREBRETH Ay v, PR YBRUO LYy OREHREEDOHBEF-15 1R
ER

E-1505b, BAMM 1-1 7o o rDY T A v ANBLON v E [§5] 1-2,3-83 7oy b
D b F=v i 3MRBEERID S ORIERTH 5, fiizVINbZzORICHRELLHETH S, i}
BEIORLVEARMKIICBVWTIZ2-3 7oy FTAERICT A VN1 KEFDLEFTH B,
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Table 11. Vegetable composition two year after cutting

19934E7 A 8 H fRHBROFH: 24
SRSz v 59 LY 4 Huhs &

by (F&)
1-12-3 1-23-34-4 2-13-2 2-23-1 4-14-24-3
7 =4 FY Sasa senaensis 5 5 5 5 4 1 3 3 4 2 2 1
/A FT Rubus idaeus 1 1 2 1 2 2 2 2 2 2 3 1
var. aculeatissimus
Yirh v Betula ermanii 1 + 1 + + + 1 1 1 1
FF=Y Abies sachalinensis 2 + 1
/=y Picea jezoensis + + + + +
sy )N Euonymus tricarpus 1
FHR I Ribes sachalinensis + 1 + +
FANR S F Vaccinium smallii + —+
A0y Vaccinium praestans 1 +
HIAVF I Daphne miyabeana 1
Ty FNF Cornus canadensis 1 +
)/ /Ny Sarix hultenii +
¥+ ¥ var. angustifolia
J)ov¥ Hydrangea paniculata + + +
v ¥R Ferns 1 1 + + + 1 1
x V' /7 3y XAY S Galium Kamtschaticum + + 2 2 +
Y8 | Carex spp. + 1 1 + + + +
Ty T* Petasites japonicus 1 2 + + + 2 + +
var. giganteus
FITY Achly japonica + 1
NyITVYY Senecio cannabifolius 1 + + + 1
FOF IV Disporum sessile +
24 RANIY Maianthemum dilatatum 1
THI/)NA3Y  Actaea erythrocarpa +
Yavuv
y=%5 Cireaea erubescens 2
s$=F*av Peracarpa carnosa 1 2 1 2 1 +
23 VE Viola spp. 3 +
Iv¥<bonNs Clinopodium 1
sachalinensis
Iv=eTF/ Solidago virga-aurea + 1
FYyvrvy var. gigantea
Fr=TH3 Cirsium Kamtschaticum +
AR ;| Juncus spp. + +
N dede 4 4 -4 Actinidia kolomikta 1 + + 1 + 1 + + + +
YNWT VYA Hydrangea petiolaris +
F a3 Schisandra chinensis 1
= | Mosses, liverworts 1 1 + + + 1 1 + + +
HEYITE 13 9 13 9 12 9 10 11 13 9 11 13

BRHBEL LT HFFO 7oy PIZBWT, ¥ h vo5id VERIC6 AR, 4FERICIEL T 87
ICHEHORESBD Sl, HEOESR4FERIKEK1Ibcm K& LTWS, P Fevidl
FRIT I AET, 4FRBICBVTL 2D 7oy b TLOMEBEORENAD ORIV, =/ <Y
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Table 12. Vegetable composition three years after cutting.

19945 7H6H thibikoERH: 344

19

N
—_— () B SRR 89 th ] Hio s &
1-12-3 1-23-34-4 2-13-2 2-23-1 4-14-24-3
VA s Sasa senaensis 5 b 5 5 5 4 3 1 5 2 2 1
/A4 FT Rubus idaeus + 1 1 1 2 3 2 2 1 4 4 2
var. aculeatissimus
b2 VA Betula ermanii 1 + 1 + 4+ 1 + 3 2 2
=Y Abies sachalinensis 1 + + + + + + +
/=y Picea jezoensis + + + + + + +
Va-NARAY S FEuonymus tricarpus +
FHRTY Ribes sachalinensis + + +
FA/NR /) F Vaccinium smallii
A A Vaccinium praestans 1 +
HIRVF Daphne miyabeana +
TE¥ vy FNF Cornus canadensis 1 + +
/8y Sarix hultenii + + +
Y+ ¥ var. angustifolia
JY)uw¥ Hydrangea paniculata + + + + +
2 H 554 Acer ukurunduense + +
535/ % Aralia elata +
VT4 | Ferns 1 1 + +
x/' 7 3v8ay S5 Galium Kamtschaticum + + 1 + 1 + + 1 + 1
b | Carex spp. + + 3 + +
T T7F Petasites japonicus 1 1 + 1 2 1 + 1
var. giganteus
FTID Achlys japonica 2
NyIvyYy Senecio cannabifolius 1 + 1 1 2 1 + + +
r*OF ¥ I /D Disporum sessile +
24 ANV Maianthemum dilatatum + +
THhHI/ A3  Actaea erythrocarpa
Yavu=
y=55 Cireaea erubescens 1
y=F*av Peracarpa carnosa 1 1 1 1 1 1 + 1
Z 3 VE Viola spp. 1 +
I buNF Clinopodium + +
sachalinensis
FU2THYI Cirsium Kamtschaticum +
/¥ v+ 3IV9  Scutellaria pekinensis 1
var. ussuriensis
ayNeaFy Eupatorium cjhinense +
var. sachalinense
IVAXS vV Epipactis papillosa + +
Yo=K Lactuca raddeana +
var. elata
T/VAVY Trillium smallii +
I¥eFXSY VY Galium makaii +
AR | Juncus spp. + +
NEdeded 24 -4 Actinidia kolomikta 1 + + + + + + +
AIHF3 Schizophragma +
hydrangeoides
YT VYA Hydrangea petiolaris + +
a4 Mosses, liverworts + + + + + + + + + + +
REYIRER 12 11 12 1512 14 10 14 15 17 10 13
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Table 13. Vegetable composition four years after cutting.

199546 A 21 B KBk OFEH: 44
SRy 55 th o Hihs =

bty P F48)
1-12-3 1-23-34-4 2-132 2-23-1 4-14-24-3

VA s Sasa senaensis 5 5 5 5 5 4 4 2 5 2 3 2

/A4 FT Rubus idaeus 2 + 1 2 4 4 4 2 3 4 4 2
var. aculeatissimus

T hvoN Betula ermanii 1 + + 4+ 1 1 1 1 + 4 3 2

b=y Abies sachalinensis 2 1 + + + + +

=y Picea jezoensis 1 + + + + + 4+ +

g oy ) Ng FEuonymus tricarpus +

NHZTY Ribes sachalinensis + + + + + + +

A ANR I F Vaccinium smallii

E A Vaccinium praestans 1 +

HhSRAVF S Daphne miyabeana +

TE Y FNF Cornus canadensis 1 +

YV //8y 3 Sarix hultenii + +

Y+ ¥ var. angustifolia

YU F Hydrangea paniculata + + + + +

A H 534 Acer ukurunduense + +

¥/ % Aralia elata 1

VIR UN Betula platyphylla + + + 1
var. japonica

LhY Viburnum furcatum +

a3 Euonymus alatus +

v 7 Ferns 1 1 1 2 2 + o+ +

x// 3vXhY 5 Galium Kamtschaticum + + + 1 + 2 2 2 1

2 ¥R Carex spp. 1 + 1 2 4 + 1 + 1

T TE Petasites japonicus 1 1 + 1 3 2 1
var. giganteus

FrTVY Achlys japonica 1

NyITVYY Senecio cannabifolius 1 1 1 2 1 + 1 + +

rIOF I VD Disporum sessile

A4 RXNIY Maianthemum dilatatum +

THh I/ NA 3T  Actaea erythrocarpa + +

Yau=w

=57 Cireaea erubescens + + + 1 +

y=FF39 Peracarpa carnosa 1 + 2 1 3 1 1 1

Z 3LV Viola spp. + +

F T H I Cirsium Kamischaticum +

IR IN Ozxalis corniculata +

VI INRYY Paris tetraphylia +

I¥Y=FRY VY Galium makaii 1 2 +

4 745 Juncus spp. 1 + +

NE G A0 2 Actinidia kolomikta + + + 1 + + -+ + + + + +

A THF 3 Schizophragma 1 + + 1 + 1
hydrangeoides

YNT IHA Hydrangea petiolaris +

a4 %f Mosses, liverworts + + 1 1 1

B 15 10 12 11 13 16 14 20 19 15 15 16
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Table 14. Changes of cover degree and maximum height of Sasa senaensis and Rubus idaeus
var. aculeatissimus in each research plot

I EFA978:i1 55 =8} [ Hhs X
ZaybNo 11 2.3 1-2 33 44 2-1 32 22 31 41 42 43

7 < 4 ¥ Sasa senaensis

¥ cover degree

1991 (E% A) 5 5
1991 (E#. B)

1992 (1 &%) 5 5
1993 (2 &%) 5 5
1994 (3 &%) 5 5
1995 (4 %) 5 5

& & (cm) maximum height

1991 (H#%) 140 140 140 140 100 80 50 140 50 50 50
1992 (1 4£#%) 140 160 120 145 100 80 80 40 80 100 40 50
1993 (24&F%) 130 110 130 100 80 60 75 70 75 75 40 60
1994 (344%) 130 130 130 120 100 75 100 65 110 100 80 100
1995 (4 &%) 110 120 130 120 100 50 100 50 110 80 90 50

x/'4 ¥ 3" Rubus idaeus var. aculeatissimus
HEFE cover degree

1992 (1 #1%) + + + + 1 1 + 1 1 1 +
1993 (2 #%) 1 1 2 1 2 2 2 2 2 2 3 1
1994 (34F%) + 1 1 1 2 3 2 2 1 4 4 2
1995 (4 4#4%) 2+ 1 2 4 4 4 2 3 4 4 2

=& (cm) maximum height

1992 (1 &%) 100 5 30 3 30 4 20 30 . 3 2 1
1993 (2 Fi%) 40 100 30 45 25 10 75 20 45 25 20 20
1994 (3 &%) 10 75 30 40 60 30 60 25 70 60 40 40
1995 (4 &) 20 100 40 50 50 50 100 30 60 60 40 50

T 1ERIC2 P, AFRICAHIFTOT oy MITBOLWTHBEORESED LN, P2y, T
VRS A v IR THEE R SRR D TPV, ,

SO [HidE | 3 7oy b, KEBEXICHRTAERICBVTS r 4 v OBEIRAS
DBV, FEwY, VY b AERICL3HFOT oy b TED LN, EEEmEELIC 10
cm IELTWVW S,

FRIMEOR 7oy FPUNKE 1 m? 240 ORBARE R AERE K16 ITRT, KL
E7HrO7T oy MTBWT, Frh v B 4ERICE/DO~KRE 3L AT, XEEOIESD X
BREV, ThiFFOREELE WL L, HIRDKREDIS2EBKEVILILLEEDEHE
ZoNB, PFTYRO~IAE V2 V30~2AKT[HE| D2-2 7oy MIBVWTDAEFNE
nED I,

O [HiAE |3 7oy MIBOLTE, 4FRITT 7 A v /NIZ T2~1140 A, P Fevid 1~
TA, /23 12~24 KOHBEORENZD SN /NXE 1m? Y0 icB T 3HEREDHE
B3, AR LAER 7oy P OFEBEEREE LKL TV, :

Plbo x5z 3BEOMBORER, HIAE] RO KL, ROTKHICX2BEMETSH
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Table 15. Changes of cover degree and maximum height of Betula ermanii, Abies sachalinensis
and Picea jezoensis in each research plot

WELE [Spry 2 i) g5 as) E: Hihs %
7oy bNo. 11 23 1-2 33 44 21 3-2 2-2  3-1 4-1 42 4-3

% %r 73 2% Betula ermanii
% cover degree

1992 (1 &%) (+) + 1 + + 1 1 1 1 1
1993 %) ( 1) + 1 + o+ + 1 1 1 1
1994 BEH) ( 1) + 1 + + 1 + 3 2 2
1995 4&E#®) (1) + + + 1 1 1 + + 4 3 2
B & (cm) maximum height

1992 (1 &) (110) 1 2 1 2 1 1 1 1 1
1993 (2 %) (130) 2 5 10 10 10 20 4 8 10
1994 (3EE#) (140) 10 30 25 20 17 15 20 20 20

1995 (4%) (140) 2 10 50 35 30 30 15 12 60 40 20

b K= Abies sachalinensis
#21E cover degree
1992 (1 &E#) (
1993 (2 4ER) (
1994 (3#%) (
1995 (4 5%#%) (

& & (cm) maximum height

1992 (1 &F#%) (150) (40) (140)
1993 (2&t%) (160) (30) (120)
1994 (3 £E#€) (165) (40) ( 80)
1995 (4 FE#%) (190) (120)

x /"< Picea jezoensis
#E cover degree
1992 (1 #)
1993 (2 &%)
1994 (3 &%) +
1995 (4 £1%)

B & (cm) maximum height

1992 (1 &%) 1

1993 (2 &%) 2

1994 (3 5E1%) 3 2 2 8
1995 (4 &%) 3

& () MKHBELRTOHEG.

1) (
2) (+) (
n (
2) (

w N
—
[\"]
—
Do

4+ +

[N I R

D, BAMHITII RIS, HEOIREICK > THERENED NI, b KoY OHEEOR
ESELTOIRVWDR, bR YBRROBEARNDIEL, BREEBNEZLVWISICEE2bDEESZ
5T 3,

FEERICB T 2HEROEEOREA - HESHKHHIZEOBE S EFELMEREET A C
Lid, BLOTFBEHEICL->-THOMIZENTVE (BFES, 1983; /INEE S, 1981; (£,
1988; =18, 1991), Hicx V=V R ABBLUABTOTENHELL, Znh [HIAX] i



RIE OERRMERB I RIT T B 23

#£-16 SNXEICBIFBET7rH v, ey BLUz /v vREOHEE
Table 16. Germination and die of Betula ermanii, Abies sachalinensis and Picea jezoensis
seedlings in each small research plot
&/ 1m?

SRy il g9 =} 1 Hhhs %
RELE
7oy b No. 11 2.3 12 33 44 2-1 32 22 3-1 4-1 4-2 4-3

4 %1 v+~ Betula ermanii

1992 (1 &%) 0 0 9 6 13 0 10 8 5 39 18 48
1993 (24%) 0 0 1 2 5 7 1 3 6 40 10 44
1994 3&%) 0 0 0 10 6-20 0 2 6 1 79-1450 6-130 28-102
1995 (4 5%) 0 2 1 2 8-3 0 3 31 0 1100-40 65-7 140-10
} =2 Abies sachalinensis
1992 1 &%) 0 0 0 0 0 0 0 0 0 0 0 0
1993 (2#%) 0 0 0 0 0 0 0 0 0 0 0 0
1994 B%H%) 0 0 0 3k 0 0 0 1 0 0 0 0-1
1995 4 &%) 0 O 0 0 0 0 0 1 0 6-1 2 1
x /= Picea jezoensis
1992 (1 &%) 0 0 0 0 8 0 0 0 0 6 6 4
1993 &%) 0 0 0 0 0 1 0 0 O 0 2 0
1994 3&H%) 0 O 0 19%* 0 6* 2 1 0 1 4-13 0-5
1995 4 &%) 0 O 0 0 0 0 0 2 0 3-21 8:6 12

EOAEAEAL PREAROC FLE REARIGHTIOCREL FTA.

Lo TREINLHBICBOTAERICBVWTHOEERLTVEY, CORIRDPVTREI SR
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R OBRARER D DI IARTAT, HAABKLETH 5,
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) 725—7"YFr &Iy TNRFy FOMARBICXBKIBIEEDHER, BREAKRD 54%
1A O DIBBHE U, HEROBELEREEIAL 56.3% TH -7,

2) #5iz, INERDBEREMGIIEE L S AERSF VA, th e KEARTRIBPCHDOISHIHE
BICHE BT BB,

3) HEEARDS L, REFICIEBEEZI. DI 41% T, B ZEMEHCREL 72,

4) REEAD S OEERED 5m UINOBEARIIEA S HDIBEEZI) HERIITIY% T, 6~10
m T2 51%, 11mPEEEN 3 & 32% ic T4 5,

5) (kIR 4 FRICRIRATOEBR D 12% 17 12 2 RIARDEE LR OEBE D 1o DIEFEL 720

6) fRERD 4 FRICIIRIRFTOEBRED 18% 1o db - 2HAN (RG] LREBIch b, BEES
I BIERDDH B,

7) BIRO 4RI [RE ] RIS S 2BRIBEIRAIOBRED 14% KT Ead - 7,

8) fHUCPES HIRDOBELIZ, 7 H Y NOEFREIC I —EOHRSPREI N B, SHEER



24 RE B - (LA« Rig+ CHR < /NEF - HO - LK

DEEARERD 1= DI IR+ TH B,

D & DT AT E MR EREA A Feh ) 18 RARMINIRHERE ICBA T 5 720 ICIETERT 5 R &%
COBREDBEHAT B EHBHESLITI - 1, ‘

KNI EERMEER AP EMTH 5720, ZOEMNBLEZETNL, 1 BY0 O EEE
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Summary

A continuous research program into the influence of selection cutting and whole tree
logging using a feller buncher and a grapple skidder on forest land, residual trees, natural
regeneration and vegetation has been carried out over four years after cutting in a natural
forest in Hokkaido. The results obtained were as follows: 1) 549% of the residual trees
suffered from some damage and 56% of the surface of the forest land was disturbed. 2) In
the case of small trees, the probability of fatal damage was high. Middle or large trees were
damaged partially. 3) The closer to the felled tree, the higher the probability of damage. 4)
The volume of healthy trees was only 149% of the stand volume before cutting, 30% of the
stand volume was dead or declining because of logging damage. 5) The surface idsturbance
by logging is expected to allow the natural regeneration of Betula ermanii, but it is not
sufficient to ensure a coniferous succession.

Accordingly, in case of selection cutting operations and whole tree logging using a
large-sized wheel-type forestry machine, the influence is too severe on the residual stands.
In particular, coniferous trees declined and in the future the forest will be an open forest
covered with broad-leaved tress. The natural regeneration of conifers is not expected in
spite of surface disturbance by logging because of the quick recovery of Sasa senanensis.
So artificial planting of succeeding trees is needed for sustainable forest management. In
order to promote the mechanization of logging operations, improvements in the routes of
machine movement and the method of tree felling considering residual trees are indispens-
able.

Key words: Large-sized forestry machine, Whole tree skidding operation, Damage to
residual trees, Surface disturbance, Natural regeneration



Abstract

The Influence of Large-Sized Wheel Type Forestry
Machine on the Residual Forest Land
—A Case Study of a Selection Cutting Operation
in Natural Forest in Hokkaido—

Shoichi OnusaTo, Akio KuraHAsHI, Hirokazu YAamamoTo,
Kunio OnasHi, Toshio Nitami, Shigeo OGASAWARA,
Kazunobu IcucHt and Chubei Sasak1

Continuous research into the influence of selection cutting and whole tree logging
using a feller buncher and a grapple skidder on forest land, residual trees, natural regener-
ation and vegetation has been carried out over four years after cutting in a natural forest.

In this case, the influence is too severe on the residual stand. Especially coniferous
trees declined. The natural regeneration of conifers is not expected despite surface
disturbance by logging. In order to promote the mechanization of logging operations,
improvements in the way of machine movement and the method of tree felling considering
for residual trees are necessary.

A Study on Forestry Mechanization in Korea

Sang Jun Park, Jae Won Kim and Hiroshi KoBayAsH1

We anaiyzed the forestry situation, the history of forestry mechanization, forest
operations and a view of the forest machines and logging operations in Korea, and
discussed the problems and measures for forestry mechanization in the future.

The total area of forest land represented 65% of the total land area on December 31,
1993. Most Korean forests are young forests and are located in mountainous regions. The
introduction of forest machines began at the end of the 1960s. Plantation and silvicultural
operations and most of the logging operations depend on man-power. The measures for
Korean forestry mechanization are mainly the construction of forest-road networks, and
training of operators.



