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Masato Shibuya, Tsutomu Urata, Hiroyuki Torita and Hayato Iijima : Windthrow damage and tree shape in coniferous
plantations in central Hokkaido, northern Japan. Japanese Journal of Forest Environment 53:53-59, 2011.

We investigated the relationship between windthrow damage and tree shape in coniferous plantations that had suffered windthrow
in 2004 in central Hokkaido, northern Japan, to examine the effect of tree shape on the resistance of trees and stands to windthrow.
We investigated the following tree-shape parameters in damaged and undamaged plantations of Larix kaempferi, Abies sachalinensis,
and Picea jezoensis, major plantation species in Hokkaido, 24 years after the windthrow: slenderness ratio (H/D ratio), crown length/
tree height ratio (C: ratio), and the height of the center of gravity of the wind load/tree height ratio (Hw ratio). In L. kaempferi and A.
sachalinensis plantations, mean H/D ratios were distinct between damaged and undamaged plantations; the mean H/D ratio was lower
in undamaged plantations than in damaged plantations. Based on differences in C and Hy ratios, the crown size of L. kaempferi and
A. sachalinensis trees was larger in undamaged plantations than in damaged plantations. In P. jezoensis plantations, similar tenden-
cies in H/D, C, and Hw ratios were observed. These data suggest a definite relationship between tree shape and resistance to wind-
throw, whereby trees with small slenderness ratios and large crowns are more resistant to windthrow. It is also suggested that vulner-
ability of coniferous plantations to windthrow changes drastically at thresholds in H/D and Ci ratios. Therefore, coniferous plantations
should be managed to reduce windthrow risk. Because tree shape is heavily influenced by stand density, risk management on planta-
tions should include density control initiatives. '

Key words : Coniferous plantation, Crown size, Slenderness ratio, Windthrow
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T\ % (Blackburn and Petty, 1988 ; Ancelin er al., 2004)
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£-1. H57Y ATHOWR
J\2 7{‘*%\ Db Hb H},b b b b \@Uﬁzﬁ
Y B (cm) (m) w HPH Co% Hy Ak
52385 45 S 273452 205409 127413 78+15  0.38+£0.07 0.75+0.05 20
52405 44 S 278+52  205+1.8 12.1+14 7612 0.41+£0.06 0.73+0.04 25
52451z 27 S 16.5£3.2  13.0£1.1 7.1+£1.0 8111 0.45+0.08 0.70+0.05 30
52451% 27 S 19.1£3.0 142414 8.3+0.9 76+10  0.41£0.09 0.73+0.06 30
52465 47 S 289+50  21.6x1.5 127412 77£13  0.41£0.07 0.73£0.05 20
5293 51 S 20.9£2.6 16.8£09 11.0+14 82+12  0.35£0.07 0.77+0.05 17
53091 47 S 220+£2.4 17.2+£1.3 10.7£1.3 79+£9 0.38£0.06 0.75+0.04 20
5316\ 47 S 235432 173418 11.6+19 75+11  0.33+0.08 0.78+0.06 20
53355 42 S 174£28 13.9+15 99+1.6 81+13  0.29+0.08 0.81+0.05 20
53741Z 51 S 258+3.1 20610 133%13 81+9  0.36+£0.06 0.76+£0.04 20
5244~ 45 M 307442 21115 11.9£13 7049 0.43+0.06 0.71+£0.04 30
52455 47 M 320458 21.7+18 12.0+1.6 70+11  0.44+0.08 0.70+0.05 25
52481z 44 M 235429 19.3+1.1 122413 83+9  0.37£0.07 0.75+0.04 20
53094 48 M 27.0+4.1 18.6+1.2 104+1.2 71+£10  0.44+0.07 0.71£0.05 20
52261 50 U 35.6£5.1  20.1£1.3  10.1x14 5747  0.49+0.08 0.67+0.05 30
5226\ 50 U 36.2+5.1 198+14  10.1x15 568 0.49+0.08 0.68+0.05 30
5226i% 49 U 37.0£39 229+14 122+14 62+5 0.47£0.06 0.69+0.04 25
52445 56 U 452462 23.6+18 96+1.7 53+6 0.59+£0.07 0.60+£0.05 20
52474 55 U 355452  24.0+£13 12.6+1.5 69+8 0.47+0.07 0.69+£0.05 20
52471% 56 U 368+58 245+17 12.8+1.8 68+11 0.48+0.08 0.68+0.05 20
524712 52 U 358453 244413 11.8+1.5 69+9  0.52+0.06 0.66+0.04 17
53494 53 U 332447  208+1.1 12.1£14 64+8 0.42+0.07 0.72+0.05 30
53504 53 U 342448 206+18 11.6+15 61£5  043+£0.07 0.71+0.05 25
53501% 49 U 33.1+£5.1 18.7+1.3 10.0£1.3 58+8 0.46+0.08 0.69+0,05 30
535154 44 U 32.0£57 199+14 10319 64+9  0.48+0.11 0.68+0.07 30
5354% - 50 U 356454 20.6+1.5 10.8+1.4 59+7 0.47+0.07 0.68+0.05 30
53554 45 U 319+40 19314 10.0£1.2 61+8 0.48+0.07 0.68+0.05 30
53584 46 U 30.544.7 19.4+12 11.0+1.2 65+8 0.43+0.07 0.71+0.05 30
5358i% 45 U 31.1+5.0 190413 104+£1.1 6249  0.45+£0.05 0.70+0.04 30
5375 51 U 33.544 1 19.7+1.1 11.1+14 60+6 0.44+0.07 0.71£0.05 30
53775 49 U 32.3+4.1 18.6+1.5 10.2+1.3 58+6 0.45+£0.07 0.70+0.05 30
53781% 49 U 32.545.1 19.0+12 10.5+1.8 60+8 0.45+0.09 0.70+£0.06 30
53791% 49 U 328439 19.1+1.1 104+1.0 50+6 0.45+0.06 0.70+0.04 30

WS D MEEE, HIEE, B ARTE, /DI BRI, o D EERE, He MG, S#

& MIhE, Ul EEE.

: EHEROMDNIA, 5378/BRICIEFRE S 0y tE 2 B RES

b VI = R R,

BEHEOET— 7 BB ETHE, TRTCOBHT, FHE
R FEHBREIZE VR Lz (M-1a, 23, 33). #T
TV ANTHTIX, BEREICI T, FHBIREKIZER T
Wiz, BERSTREHBRITY. ETHY, hEKRS
TIE 1 M %2 B T7001 %, MAEMS TIZTORIETH -
72 (H-1a)e F F=Y ATHTD, FEHRRILIIHEREIZ
Ko THR%E > Tz, WEKG T PFHBIRILIZT0LL 1T
HY, ERERDTIZTORBTH > 72 (F-22), =<V A
THOBE - HEKRS T, FHRRIIFE0E D K& b o
7oo WEBFEMRD TR, 2HOZBWT, FHERILIHE
& PERGS LD NS o723 FHERILIE, &8
TET, BEND L W EMS THRET 2 @258 57z
(B-1a, 2a, 3a)o

FHsERERIE, H 9~ AT T029~059, + F<w
ANITHT034~071, =V <Y AL T032~048TdH - 7=
F-1~3)o TRTOMFET, PR RR G EHBIRIE &

FDOMBEADH - 72 (-1b, 2b, 3b)o H TV ALME M F
=V ANTHTIE, BERERGSOFHBEERE, WEKTDH
VIR ERS LD O REVEBYED 72, F TV ALK
T, HERD LERERSIBB I Z04508ERE 25T
BY -1b), bt FeY ATHTIZ055TH - 72 (K-2b), T
VI NLHOFER R R ROV T O L A AED
LNDH, BEWS & EHEMS O MICHR 2 BRI A S
o 72 (K-3b) o

SESART DB, B 5 <2 AT T060~081, bt F=
Y ATHT052~078, V<Y ATHT068~0.79TdH 7>
(F1~3), BT, FHHNEOEIEEERRILE Eo
B D o 72 (®-1c, 2¢, 3c)o # T~V AT TIE, M4
ERG O R, MERGRCHERS LD DX
{, BRMEIBB I Z07TH 72 (F-10), [ UMEmAH b F
SYANLHTHRD SN, BEREIZ065TH % (M-20),
PU AR ATHTHADONDDS, LRHRE L
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#£-2. FFTYAIHKOMKRE

b b b S =
et W e D H ' gpwr c# g, WER

&) (cm) (m) (m) B
521312 47 S 252452 17714 04420 7212 0.47+0.12 0.69+0.08 30 “
5214% 43 S 240+£55  163£1.6 8.5+1.7 7115 0.484+0.10 0.68+0.07 30
52171% 44 S 197442  13.7+12 7.4+0.9 7111 046+0.08 0.70+0.05 30
52731%-1 51 S 27750  200+£13  12.6+19 74413 0.37+0.09 0.75+0.06 30
52731%-2 51 S 294+62 20.1£22 118416 71+15 041+0.08 0.7320.05 14
53015 45 S 21.1£54 145418 6.8+1.6 7214 0.5340.11 0.65+0.07 30

53571 40 S 164+2.6 123+15  6.2+1.6 75+7  049+£0.14 0.68+0.09 20

5357iZ 72 S 238+58 195421  12.8£23  86x16 0.34+0.11 0.77+0.07 30
54501% 45 S 242+£55 0 17618 104+17 7513  040+0.10 0.73£007 25
54561% 47 S 245452 175416 10.7+1.1  73+10 038+0.08 0.74£0.05 30
54571 47 S 259+6.6 18.4+23  10.2+1.9 74413  0.44+0.11 0.71%0.07 30
54591 48 S 256+6.6 18.0423 10119  73+15 0.44+0.09 0.71+0.06 30
54601 49 N 26.1£5.7 178422 10.1+1.8  70+10 0.44+0.07 0.71£0.05 20
5460& 49 S 290466 202+2.1 11.8:19 72412 041+0.10 0.73x0.06 30
61811% 41 S 217442 166+1.8 10615 79£13 0.36+£0.11 0.76+0.08 30
6181-1 41 S 23.0+£56  162+1.6  94+12  74+15 0.42+0.10 0.72+0.07 30
6181-2 41 S 20.044.8  16.742.1 11.0+£1.5 86+13 0.3440.08 0.78£0.06 30
54470 72 U 436464 23.1+18  9.1+22 54+6  0.61+0.10 0.60+0.06 25
5448(Z 46 U 331457  19.1x14  6.0+1.7 59+6  0.68+0.09 0.54+£0.06 30
5449{z 45 U 315456  189+13 54417  61£10 071+0.09 0.52+£0.06 25
54521 45 U 31.0+447 204415 9.0+22 67+8  0.56+£0.10 0.63+0.07 30

BB L IRAFRICDOWTIE, #1288,

%-3. TUTYAIHKOKR

A Ml BEE D’ H H, HbDE % Hy® HEXR

(££) (cm) (m) (m) AH
5254 77 S 286+59 204+21 13.8+15 7349 0.32+0.08 0.79+£0.05 30
525754 71 S 263+86 17.1£28 9.7+1.5 69+£14  0.42+0.10 0.724+0.07 30
5258\ 84 S 270+£74 19320 113+£17 74+14 041+£0.08 0.73£0.05 30
52641% 70 N 322473 0 223822 14.1£15 T72+£12 0.36+0.07 0.76+0.05 25
52731 81 S 301445 207+17 14.0£1.6  70:8 033006 0.78+0.04 30
5276\ 78 S 281475 188+17 119407 70+13  036£008 0762005 20
527912 73 S 285483 176424 9.0+20  65+11 048+0.10 0.68+007 30
52811 75 N 266469 172423 10.0+1.8 67£10 0412009 073£006 30
52831 74 S 33.0:44 210417 131214  64+7  037£0.07 0.75:005 30
530001 52 N 190450 13715  90+1.1  75+12 0344009 077+0.06 30
53020 7 N 276+71 188+19 12116 71x14 0354010 0.76+007 30
53041 91 S 287458 206420 139420 74+13 0332008 078£006 30
53065 91 S 309468 19.7£1.7 12.5£1.8 66=11 0.36+0.09 0.76+0.06 30
53104 72 S 234459  15.6£2.0 8.6+1.0 6911  0.44+0.09 0.70+0.06 30
53231 85 S 264+£53  17.0£1.7 10.6£1.1  66=10 037+0.09 0.75+0.06 30
5274~ 50 M 213+49 162+14 9807  78+11 039005 074003 30
53031F  RHA M 30.1484 207422  12.9+20 72415 037#0.10 0.75+007 30
52150% 82 U 40368 242+14 146£13 618 039:006 074+004 30
521512 RBH U 36473  23.7£15 15.0+16 6712  037+0.07 0754005 30
52161 51 U 24849 174+13  10.0£17 72413 042+40.12 0.72+0.08 30
52170k 59 317451 187413 98+13  60:8  047x0.08 0.68£005 30

526412 68 4354103 23.7£1.8 12.6£23  57+11  047£0.09 0.69+0.06 30
52695 NG 420483 21.4x19 12.0£23 53+9  043+0.11 0.71+0.08 30
52741% 90 U 41.0+86 23.8+16 15.0413 60£10 037+0.07 0.75+0.04 30

S LIRAFICOWTHE, B1E2BH,

U

5240\ 65 U 40.1+£103 214421 11.1£1.2 5612 048+0.06 0.68+0.04 30
U
U

J— 56 j—
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(a) (b) p = -0.749%%* (©) = 0.760%**
90 r 06 F o 09
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3 80 I .: .’ Mllliﬁ 05 F ® c: 2 08 o
K70 F Aug I @O s ° & A
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@ [ HEKS, AdrERS, O EEERS, - REARR

(a) (b) r = -0.858*** (c) 7 = 0.855%**
90 r 08 r 08 r
e 9 [ ] s
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(a) (b) r =-0.569%* (c) r = 0.580%*
80 r 05 r 08 r
° 4 . %0 ® o
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727p o 72 (M-3c) o L7725 9 Ll E NG, & SICHENGTOMlERR, i
B S, LR EIND, THIZHEDL ST, #E

“-*® R Mo & BEMR T OB TFIRRILIER A DN e B T<

PEMNRE L 3BETRTT, PWRRIIZER Sk
&Y SBERGTRE VENIFED SN (M-1a, 2a,
3a)o ANFZEIL, 20044EDMED 2 ~ 4 ERIIT->TED,
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5 2 EBESE AT A o 72 (-30) o BRA - B (1992) 13,
H A& D R ¥ (Cryptomeria japonica) & & / ¥ (Chamaecyparis
obutusa) D N THRDBEIZONT, HERILL EDOKGD
SERRILIET0LL ETH ), #EFE20% T OGO
BRI EB LI Z0THLZLEZHREL T 5, F723 —
Ty 8RR =0 — V=5 ¥ KT, HIRERT0LLT o8 A3 E
ETH E BTV 5 (Cremer et al., 1982 ; Polley, 1995 ;
Ruel, 1995)c AAFFEOMERIE, =~y ATHhERVT, &
NEDTATIZR L —H LT b, L7zd5o T, BIARDEEK
Pk & BRI O BRI IEARNICITHERERNTH S ) A, HiR
R IR <, FHIIRILTOLLT o $F 3 A T AR 1 a
BHEPIEDS B OWITREE S E 2 5D, T2, HEORE LT
WARIL E DBRIE, H T = v & b Py CREKS & ik
EMGO MBI 2 B RE 2SR S Az (-1, 2a) £ 9142,
IR DI L b %o TR A I ERRREIENLT 50
Tik%<, HHEMEIDH Y, ENEBEICRMICHERRIEL
BT HLEVIBERDL I TH ol FORMES, o<V L
F Y TIXT0TH Y, TV TRO0LEWVWZZE) TH D
(X-1a, 2a, 3a).

BT NIME b Fy ATATIE, BERG LD D
BB TREERE S K & WHEINAH - 72 (K-1b, 2b). T
Uy ANIHTIR, 13E A LOEERS CEYBEREIX
0AMLETH D (FE3), #I< Y AL b K ALk &
L&) BEREETH- 7230, S5O Lhb,
BT ER O E WS TEBHEIE SV EwWE, 1T
<V N LR TIEIBBE RE4LLET, M Py ATHT
Z0550L Eo & FEHERE VW E W B, FHENEER &I
BIEOREIIDONTE, L BIRA BT 2 BRTId %
{, &LHBMHEORIE THEOR AR AWMILIT S EmH°
HHEEZOND. FHHMNELEZ, FHRIRLE OMLGR
TP R L oM 2R Lz (K-1e, 2¢, 3c)e T
NooZtirgldsl, BIRREFIKEXL, 2hitedi
R RO O BTE AR O S BT L w2 5,
JEUC X BBARDEEREE— A ¥ M, BIEOZEER &AL
12 e B 3 % (Mayhead, 1973 ; /N 5%, 1987). Gardiner et al.
(1991, BEAKEZWERIC X BHEET—2 >~ b2k L,
BN 2 REMRICRICEET A L R L Twh, L
LAdss, AT, BEREORE WEAOEEEIM
PEL, KREGBRAEHE— AV P E2F 5T w5 (Urata e
al, 2011) LHER S 7z, BHEY A X1, BAROBRDIEA
D & ERICHFIN TS Y (Smith, 1964), ZD72OBEATK &
W EABIHE SR T 2O TR BV L EZ BND (Pel-
tola and Kellomaki, 1993) o

PeEMGOFRAAARE, BRI S & B3 28
BEWEEZ BN, T22004EDQREREEREENKE L
HoTwhrlEns, ZRICHEHLLT, IV AL
e b Py ATAHRTIE, BEEWS & B EmS TR
HR R ER L v o BRI ESRD bz, Lizdso
T, FRERASHE O BRI M2 B 5 SHEEB A LHROBTE &
BEEEHE O RNIXHEE R R D B LT E, PR

B PHBE R, AR E DT DV CREAFAE
T5EWZ 5. FHBRLOMMEIWBETroTh Y, ¥
BIBHERFETIE, B 57 U045, F KT UH055TH o7
(-1, 2)o BEIFETIE, TV~ TITB RO
BIEOBRPHE T2 W OPKRE TE Lad otz mY Y
D EERE ERR S O MR E 375 em T, BEKS Q75
em) XY KE L, TOMMEH T~V (345 cmk 245 cm),
PRV (348 em& 240 cm) THRI L THolze 2O LD
5, 20044EDJRAERZIZ, TV Y OB ER; IR EK
SEVBRIRETH -2 EZ O5NDLH, FRRE,
MR, P ELEOZIMETIE R o e T DK
RITIE, WEEREG Y — >, BEE, BEodiifiikye
OBFEFEOE R, WOREREOBEVIEELTVWL0
TlEhwhrtEZ OIS,
AFFEOBILM R AEFIE, BIRILO/NS VBRI L ) 28
FCEBHEELE A & 3 5 BEfFBFSE (Wilson  and  Oliver,
2000 ; Mason, 2002) & —E T AR TH o728, HI~v VL&
ML TR, R E R AR T & B AR
YAl & PR S Rl 145 S AT E 2, BEMK
WETBIRAVN S SRR E W E W) ATHIZBIT 2%
7 4% (Kilpatrick et al., 1981 ; Rollinson, 1988) # ZE 3 5 &,
SHIEME A TR O JRBIRE & 2 BN T 5 700121, kL 35
DTIE 7 BN R FHESHER SN, BEEHPEETH 5,
LAHL, ATHTEMERERIEEDfEBRELITHVD
(Cremer et al., 1982 ; Achim et al., 2005), BEEMIIRED
HIBERED ST DD LT Lo TLTHEEEAOHZL LT,
Bl AR % TORGHIMEFET 5 Z L AR S D,
ARG T, IR EZRAENRETALIENTER
otz ZOT%, B LB D WT, IRV
EICEF B REICIE o 718K L 7T IE T E e h o 7o BB
L EEEE O — R 2oV T, HIRICTEHE TS
FETH 5o

5 A X W
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