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The Spread of Attack of Yezo-Spruce by Spruce Beetles
in Natural Forests after Selection Cutting
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Fig. 1. An example of Yezo-spruce killed by spruce beetles.
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Table 1. Number and volume of the standing trees before selection cutting

T2y bRy UNEE- 3| & &t /2 v EE (%)
Yezo-spruce Sakhalin fir Hard woods Total Proportion of Yezo-
Spruce
No. of tree 95 77 154 326 &/ha 29
M 119.30 55.75 60.20 235.25 m*/ha 51

Volume
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Table 2. Number and stumpage volume of the harvest trees

Ty )
Yezo-spruce E Ry TR & it V=Y %']é (%)
Sakhalin fir  Hard woods Total Proportion of
AR dEKR Yezo-spruce

Living Killed

No. of tree 284 20 468 193 965 2 32
& 3
Volume 805.86 53.44 846.49 425.48 2,131.27 m 40
#-3 ZMAEER (1987410 11 AR
Table 3. Timber volume of the harvest trees
Ty bEw NN B & &t /2 v EE (%)
Yezo-spruce  Sakhalin fir =~ Hard woods Total Proportion of Yezo-
e Spruce
H 3
Volume 668.13 625.45 223.67 1,617.256 m 44
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AT 21.0m% 191 m®% 94 m’ 08m® LML, HBEEUATI34m® 1.5m3 1.8 m? 0.8 m?
B L, BEAORARIIKIF®K 2, 3, 4EHRTBERUZOEETRKITHID 17.5~7.8

&, LIBEOATIE 28~13 % & 15 - oo HIBRVZ ORI T kIRE. 3, 4 F£H T b MUFR S
120 DR DO REBHBEEFT 2K E < EE - fzoicxt U, HIREIA TRk 3 EE LB O,
HOREBRBEFAIE BERIL DL -1, TNRIBRUZ ORI CIIEEELoREs+
BRANA LD bKEL, DOEBFEICHOL->TVBE T EARRIS €23,

THER U Z ORI TOMIBNGTIGORMBROBELZ I TV AL, TEEINAORKEBIZT
LOREEC ST LRV, RIE, REEHERLERKZO O IRICBIRT 2BRE LT
HELODTH 21T TH D, SEIORIKIZ, TVIYDIC2WTIIAKT7.3%, METIE
16.5%, 2B TIIAET 6.8%, MIETIZ 20.7% DRI TH B EnoHLAEES I, £&
LTRBADBEKREINT VWS, LEhi-T, R > THO-HKBO R IZSHRTICA X & D
LB -TV 3B, THEAIATOLRRE 2 EBOHIEIR ha 240 34 m* I b DT - 7205, ZDHD
HEEBRIENEERERMTRL,, T /2y KEABZVE VI MRS OB EZE TSI
OFEBITIZABN >V TREENRO N 6D TH D, HifE 3EALIBORARERIYE
EANRVEDEEZBILMBTEBZDTIREDNS DD

ki 5 FHOBMEREY  ORERORERB I HIER V2 0EL & HEEIA TR Lics



172 RAKORIRIC & b 73 5 EHIEA D RS 4

100
80 t
N
< N
= 6@"
= i N
e X ;
S (9%) 20 S
\\ N
op \
N
S
o

§ 4 5 6 T 8 89

X *% X X%k
+358kNo.
No. of timber yard
K-5 THEKRCZOREITO LY <Y hEFRIEARDORAIRM.
ound timber yards.

44 (1991 %) N, 54H

Fig. 5. Distribution of Yezo-spruce killed by spruce beetles
Bz 2 EH (19894 M. 34H (19904 : BRR|,
(19924): [ D
* 19894F7 = B Y b 7y THRE, 199247 20 E Y b5y THE

D, &bIRIRFTORER % TE - 72 RKAMKEEIC X ZRBEORLS L O RED - e EERT
ZOEAE F 0 & HEWBEIEOE(LADIS I - 13T OHBEAIA TORERDOFARHE U
OB EEE 5T EDOAT, AARMTORRMIMEIC & 725 hEMBARORSE
BEER% 5 AEH ISR KA L bDEEZ N E, HIERUZ ORI L TBEIAEZELE
F- AR b RO REAREROAH1E 510.60 m® 1215 - 12, IRIKIC & > TRE DO RERKEAS
FELLIERPALHTD 5,

B 5 ERA L B LA ERUZORADEFINTOL /<y HERKOREB L KT 5
L 42:58 THEREIATCOREBIETE B 5, flio?3, kikk 2 EMOFAE» S HHD
B L THIESRET 5 EHE LTV AL, b EROHEE TRENICETISEIAOE
DHDBENT EBBF ST -T2, 72721, £ OEMEE 10:90 TH b (KK 5 MO ha 50
OhEAROFAERIZ, HERUZOEIEH 503 md, HIEEIAHN 75m® &85, BAmELD
HiEAORERIZHER U ZDEIHSHBEIAOK 7L, HERUZOEDOHE K
< v HERHEARDOFRERBF VT L IHENTH 5,

FiERCZOELTO LV <y HEHBAORERREK-5 ILRT, TBRUZORLITL
hEAORAZBAEA D E, WEEBTHEEL TWA 1S No. 1 & No. 2, 15 No.5 &
No.6, 188 (19894 Ic7 = uEY b5 74%E) No.3 & No. 4 2ZzhZhHEBELTdHHR



8 HOFYS < ILAE— - HHAA

1001
8@t

> K 60

= 1

S =

g (%) 407 NN

N

o0 . Q & &
g 8B ~5 ~10 ~15 ~20 ~25 ~30

L5580 5 DERE (m)
Distance from the edge of timber yard
K-6 FTHRUZDRDTRAEL T vy HERD HEHSH S ORI REER
Fig. 6. Relationship between the mortality and the distance from the edge of timber yard.

(fegkie 2 4EH (198940 M. 3 4EH (1990 4): BR, 44FH (1991 4F): NN, 5 FH
(19924E): [

FEORABBRIC—EDHRIFTEA E NSV, ILE SYFEBEHIC BT B L RNOhHEHEORE
BRI, IRSHIAICA T FRE—MAOEHIRIC>OWTATOMT L b—RETHRL, 2h
RRREOH A RERNEEI NITYROBER E VWL B EBRRTVWEY, 4RO ILE—Hs
NORR S N7 fEEERINICER T S h - TR Z ORI Th 3 1O RBEM, WS, HXhHE
DREMBVIELZOSNTVIC DD ST, HLOTBHTORMEAORAEZBIIIELET
Hoto YYNFIALVIZXEZRERORAEORES, HAERE—HISEAN T &/ NS HHMTAH S
EMBYOEBOMHBEEZOND, TOLIBERBBEELEZDICOVTY Y NFI A A
YOMRERICI OV TOL b L VIIELRMETH B,

1989FFIC7 x 0 E YV b T o 7HRHE L e => ORI & IERBEOA> O HIBH A kT 3 &
X% 5 FRO A OMERICIEE L Z A LNE L, LAL, 5y 7E2EELLHEBHT
2, TOHDOREBELMEI SN T VS, COCERID=2D0FHEWHIcHBLTVA B ET
Hb, 7xBEVDTy TEMEPHICERET 2 LMERBETNT 2 EMHELD STV EY
DT, KIRBROFORHID ¥ v+ 7 4 £ v OFRPIBRBREORERALZELIPEAZ L1
TReELOND, BB, 1992 F i GHABEMSATRERORENDBL 7208V 597
DRIFE DD SV, BERO D OHIHEAEFER L BRI SROFR L HE I N,

3. LiSEhH O DIEREFIMIEE
THERUZORATRAE L2V =y AERO LB O OBHRIOHIER M) 253



=2y RIKDIRIKIT & & 755 hERGHEA O R/EREB o

5 R
| 548 the fifth year after cutting

i 44 H the forth year after cutting
- 34 H the third year after cutting

[ 24 H the second year after cutting

—_ = Y

S Pt oF
RO FSRORS!

Number of dead Yezo-spruce

16~24 26~34  36~44 46~54  H6~64 66~
BB B % Rn)
Diameter class
K7 EROZ OB E HEEIATRE Ui 1 < E A O R 0 R AR
Fig. 7. Number of dead Yezo-spruce by diameter class.
O: HERUCZOR:M, B TEEIN)

(-6, kiRt 2 FH X TEMFE TEGEWEBT v v EMIEARDSZ S R4 L, TG0
WIKBGELLT Y= vDS5 b 53.3% 13T OEICHIEL 72, k%% 3HEH I IERTZDFEDIC
L RERSFEA L2, RiFHR4FBEIISGH» SN E A TORERORENEI - 12,
DT EMS, TV 2y HEMBAIMRRORORKRHICRHEHE S LGOIV E A%
e FEE L, EESEBT 2 I oNTRAEHICIES > T D EEI SN 5,

4. WEEEREIEE

FHER U % OED E HBEIATRE Ut 2 < v HEREAR O B AR O R AR A
7 (&7, ki 2, SFEH TR IGFRUZ 0L, HHELA L bic 46 cm Ll EOKREARDB L
VOIKL, RiRE 4FH G 44 cm LIFOERERE THIBEARORARLSIEML, XK 5 FH i<
REEXEBETIREREU X D BREARKE S - /oo Th3ERR 2, 3FH RGNS WEREL
TV Y KERBSEARICHN BRI - 12Dkt L, K% 4 FEH I3 EHIEFEBRo 5
P SN G & LIBRINA TEHR THEDSZ S AL, 2 OBE, BRENIC S 2/MhEASK
BAREEBHCY YN+ 74 LY DOIIEARZIHIBET 2005 Zh > 1D TH B,

5. BAMEELUAA
K-8 ic tIFKR P2 DFLTRAE L1z V' =y AEMIEROBEA, FRIRMOREAY ERT,



10 HOFE « LiAtE— « HHAA

40t
£ aof
S #
2 i
5 4 20
<y
s 181
£
%) L L 1 .
Hekeik
2%8 3%4B 44H 548
BT ELREH

vears after selection cutting
K-8 BiAK, BHRBIOHGIEALL
Fig. 8. Number of dead Yezo-spruce by dying type.
B AKEIE (single tree death): [
BEIKH4HE (group death): B

WSYDERIC LI, BATOMBOREE B /<y HEALRE LB Z0ELO¥
ZEoemPNKREIChERORENRSL SNEL -2 bDE VL, BHRTOMBORESL IR, v
< VHEADBRE LB Z OFEOF¥E 6 m LINTRBFICHERDORESA SNz b D%V
5o BAREEHRBIDO = V' 2y MEROREAKERB L TAH S &, K% 2 FHIHEATRES
BHEKROEIEGHE K 2D 71.0% % 5%, K%k 3, 4FEBIB B3I LEAVEKTHIEYT 2
REROEIEHEL KO, kIR 4FEHICIZ762% ORMERBBETRE L, 20X DI,
B&ZDOLBERDOELIC DN THEARD SERRN LB OHESTIL LTV B, i, KiRkicx
V=Y iR OEEO—D & L TARKHOSMAEESS T SN TWSE> 9%, 598
WET 2 Lo IcRHEEHITIE, kREO 2 ERTREBHOILE 72 3Bl hEALEDT 3 &
IBHRBRAD SN -7 (K9, i, KVBREEMOKRE» - o HEHNICE -2V <
Y D% iR, HHEMANTOMBICRIRZ % 3EHE TITHIEL 2, L L, (kiR 34EH
DD+ 5RO % OFHETOREROFRERY & LI5WH» 5> O LA ORGEE # 5 & HIEHHo LA
WCHREREADE CRAET 2HE0ED Shi, COHEEERROBA, BHRTORIEDREH
EHIEBEBEEROPLEIDICOVTR, SRIOFBLZ I LS TROL LKL, LL, TV
YISERICHET 2 &P = v KRB O BBEMEOELIc L OB 2 2 & ELFIA S &
CLVDLNTVWBEZETHY, ©LAKERE 2, 3EHICHARNICHN Y, ABZKEOE(LDDIS
Mo feFE, PEHNCAIE LB TORET 2805 2 &, RIREROMEERHE ST Twan
TRIEVWNEEZL LGNS,



T/ REMORILIC & b 75 5 MERIARORERR

1001
8ar
Z 60
=
° X
g (%)40
20
=" -
LB ® [ii] 3] it
in timber East ¥est South North
yard
+8Bh O 5 DA

directions from timber yard
K-9 +ERUZOEDTOREARFEERE LIFHFPLL S DHAL

Fig. 9. Mortality of dead Yezo-spruce standing in the four directions of timber yard.

(k28 (19894): M, 34H (19904 BRA, 4FH (1991 8): N, 5 4H

(19924E): [ D
106r
8@' - 3 -
L 3 L 4
=% eof . : .
g (3) *
& (0 |
4@ L. 4 e
> -
20}
- <4
@ 2 I 1 i 1 2 i X i
0 20 40 60 80 100 0 20 40
FHERUEFORBOL 7V RER(%) THRUPFORAD 5 mPAD LY <Y i (m?)
mixing rate of Yezo-spruce stumpage volum of Yezo-spruce within five

meters from the edge of timber yard
K-10 +8BERUCZOEAO < vBERE, THERCZOALASmPUAOL /v vE&E Ly v vE
HhER.
Fig. 10. Relationship between the mortality and mixing rate of Yezo-spruce, stumpage volume of
Yezo-spruce within five meters from the edge of timber yard.



12 HOFUF « IAE— « HEHAA

6. TVTVRIE FoOft

THERCZORBD /< vERE, tBRUZORASm RO Vv vBE T v vhE
fHIEER (M OBtk (B1-10) 245 &, 9 » O TR UZDEND = /' < v HMEIERRIE 31
~83% Tdhby, TV vYERROBVHERKUZOENTHRIRE S FRO T <Yy hERIEA
DRERPEL R EEEBE O, T, HIcHERUOZOEBASmPAO V< v B 58
ORISR r=0.98) A 5N, TERUFDO/EAD v <Y BRENSERE T
bHERE TGRS m LINA SO ELENICT V= Vv ENEWE T AHIFEMIBENEL L3
EEA A SN, FLSIT I, = vy RAMEET 3o HRZE B LT}, Bl
IV YDPIEWECAEEEL, HFtENE 2o m NI Y ey SBELEVL L
ST B EBRERIBRORERBEB S TOICEETH 2 LIEHs TV AL, ozt
%% 5 FHOFE L & SIS hITH - 12,

X-11 ic t5RmiE, v~ Y AKNRER S © v <y ERER (M) oBBRERT, —BH

100r
8or M
> *—é; 2
et -
3 § €0
5 >
= (%) gpt s )
£ )
20r i
> E 3
25 004 0.08 012 016 0 40 80 120
FA5FE B (ha) IV 7Y AR (m®)
Area of timber yard Timber volume of Yezo-spruce in the yard

-11 LSRR, * /< Y AKNRERE = v~ Y iERER,
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Table 4. Volume of killed needle woods for five

R {% e % Selection cutting

fi % 4E #oR #O% W OB M A
Year of (ha) A (m?) HEA () (m®) (m?)
cutting Area Living Killed Hard woods Total
1987 & 298.87 10,220.70 319.22 2,686.55 13,126.47
1988 4 265.93 8,475.50 165.81 2,372.68 11,013.99
1989 4 265.16 6,683.30 860.73 1,984.63 9,528.66
1990 & 203.55 6,090.39 663.61 891.11 7,645.11
1991 £E 202.98 7,581.49 486.02 955.20 9,022.71

A B

= at 1,236.49 39,051.38 2,495.39 8,790.17 50,336.94

Total
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123, BRIV 2O HIEAHRTE LB REEBESAEVWHRE S 2oL EET 5
SIARBMEL D, YU NF I LAVONENGREAREL /v OBOELLBIETTH 5,
il SR TSRS 85 EHEBRMEL R A LML TV, SHFEELL9 »FHOD
THEEHD S5 5 8 »FTOEFEZIFEF L TH - L BRIERICE S Z r=057T) BA SN, Lo

L, ZHEROKEVWIEHELO /< vEREES—FE  poER G —FS» - 1o, [
His CHERR 5 AERTIC > LT b T O K X & LHEFRORICIEROBFRSED S5,

TR EREIN IR TERE L2V Y S+ 7 4 & DRI OETT KEZE L THRHIBS ¥ 712619
2EZ DLV VIANERE Vv y AEHIBRICIASEL OBFRONEZ Sh B0, 460
BT TV < Y AAMRER EHIBRE ORICIE, MEENE K21 LS VIHERBEL 75
BEVSHERA r=—071) A oNht, =V YIKOHBEBENSEH - >0 TIBHTORIE
DREFRSED - 12013, TERUCZOREE, FotBificawERicz vy BDish s ici
HEEEIN, DT EEF, ARy =vibiuntificc ey KEENRICED B T
EDHEROREARBLEEE L THENRTRTH L EVL B,

1981 EDOBME 16 Fic & b2 9 [HhiE] ToREMIBORA R, 1986 FiciREFKRE LI EE
2o THBDY, 1987 LSO REREICF OBEBNBEEBIZLAEBEVLDEELIONS,
F 7o, [bi#] <12 1985 F 2 TARHE 16 51 & 2 ABIARDOWIRGHRIE L, @ OREHEEHSR
HIk THB S N c D3 1986 &0 5 TH 5, FHEHARIH D BUtidk T DIREAEEERHIC 36 0 THIR
WEICKAENBI N REAR (F-4) 245 & 1989 F & 1990 o hERNER Mo 3 4F
CHNRTRKEREDENL >TWVWE, THREFEICOLOBET IR CHIRHESFERL 7212
», BIFES L RATAFEIERENIKDTRBICRE LY v "F 7 4 LV ORERKEVE
Bbh b, HE, KAMHEEHROKX OFEE B L cad@GEiicodf i sh s 2 & n—
BHITH B, V<Y hERBRORAERBEY A 5 EHEETE L THBRICKK 2 S 12
WEREBKEEEbN S,

BT ORI & 7 OB THRA L 1o hEANEE

years after selection cutting on natural forests

HEARMIER (m? Volume of killed needle woods

Rk ORLBER
R4 F 148 2 FH 34EH 4 EH = it
7.17 130.27 930.29 420.32 411.77 1,899.78
15.18 37.18 379.88 245.84 678.08
185.55 180.75 699.95 1,066.25
334.96 192.66 527.62
89.25 89.25

632.11 540.82 2,010.12 666.16 411.77 4,260.98
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HENEL B, $1, RIFRORVEICE, HERUZOETTOL <y HEHBRIZAR
S OLALEIBIRI < LIBIFE & HEBNCE B E D OICRE L, EE0ERT B 1>
MHEROREGEDTICIEN > TV, 2D LMD, TV Y RARKICBOTIREREEROR
ERERORABERS 4103, BANICR=>0H» > DRAVNETH 3, F—IiF, hER
BROEANZVEERUZORBOEREBYIT>TETH %, $H8bL, LA
Sy DPROETHEREL, TV HRKIENHEEITS CEHPHETH 5, & 51,
BERIC BHEOF TV < Y BREHEOBIGERNR I LTHI b » TRIELTLE S C &
PERBEOBOEHAIC7 2 0 Y b 5 o 7ERE L THEWE CORERIREADOREZE ¢
LRERED, FANOHEECILREBLSEEINETHA S, £, HEAINOERTSH
D, TITIRIRFEE IS BEOR LAV L, B, BREROBEAREEICITS I EIckD,
RFEOB VKD REREARFDSE L ENABETH EEEZ 5N B, B2, MEFEH
KOMETH 5, BAE, (L) TIRBEE L MO 5SS RIROMERE LTWE, DT &
W, YUNEIA LB LEEOE o TR L & S ARFI R R SRES h
TVB T EERIKT B0 ¥V 0% 7 4 Lo kiR 3HERIE & 1cb > TUARIBERAES €,
Z ORI Z S TRRBOTHE, Bitiaski< o PULBRE 7 2 FF 2RO TRML TO A5, R
LR BICIMEBERRAR E L 3 RF/GAS ST Z ICEET 3 TH A5, IREBOIBOREZE
MHHAHT, TBRUOZOABICHET )TV REEAETRTHMEGRAELY 5 5, REKHE
3HHDVEKRLESTSEME, BHEL MR ARTET 5L ABI BETHS S,
ML TRz < Y RRMKOIRKAERE L TITONTETHD, O L bELREERECL
TLWBENTH B LEAL LN 5, RIROBENTFEB EWEOREORRIILITH>VTIE, Tl
EHE - BRLED TV TFETH B,

3 &

REMPRER DY v X+ 7 4 £ itk B /vy AERIBRORARB % KIRK 5 F£/-licH
10, HBRUTOFMAL ENLAOHIBIGG THEL, L0FLpL,

AEOFETRD 3 ED T &5 - 120 OHERUZOEATEL V< HERIEALE L
RTRET 5, OFRBROBOHEAAIZIZ, = 2y MEREAIR HEH 2 & TSR R W 4
UM RA L, EHMERT 31 >N THIBADORAE RETHICEL » TV, @ V2 ViR
EOBVEBRUZ OFAT, REHEARORKERIE B BHASS 5,

T2y KM EREE T 2B hERIBRORERLH S 37201y, HBoREICIFDI
IR YODIEVECAEEEL, BicHERNEFZOEA S m AR Ve Yy BEELE VL
QICTHIEDPHETHD, KIFRICIRZ 7208 b5 v T2BRBT AT ENEZT L,

$—0—k: xv/vy, R GEME B8 PYAEs4 Ay
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Summary

The process of the spread of the attack of Yezo-spruce (Picea jezoensis) by spruce
beetles (Ips typographus japonica Nuyma) around timber yards was observed for five years
after selection cutting in natural forests of the Tokyo University forest in Hokkaido.
Observed trees were divided into two groups, the marginal standing trees within 25 m
distance from the timber yard edge and others. The conclusions derived from the analysis
are as follows:

1) The mortality of marginal standing trees near the timber yard is higher than that
of the others.

2) In the early stages after cutting, spruce beetles attack Yezo-spruce trees which
stand close to the timber vard. As time proceeds, the attack spreads to the trees in the
vicinity of the yard.

3) The mortality of Yezo-spruce in the timber yard increases in proportion to the
proportion of Yezo-spruce.

Consequently, the timber yard should be placed in an area where the number of
Yezo-spruce is small, and it should be stressed that Yezo-spruce standing within 5 m of the
timber yard should be cut, and it is desirable that pheromone traps are set in the yard after
cutting in order to reduce the number of trees attacked by spruce beetles in the natural
forest.

Key words: Yezo-spruce, Harvesting (Cutting), Insect damage, Timber yard, Spruce
beetle



