FARWFSE 70 1 77~87, 1998 77

E:

s
ES]

HBMOBREICET 5% (V)
— REBRZAFEREMROXAMBREICOVT—

PPz - R TFEEE D - IR RS - B
AR - ERE—Y - BIBRERY - SR - |0 Y

Studies on Dynamics of Natural Forest (IV)
—Growth Rate of Natural Forests of Kyoto University Forests in Hokkaido—
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The average and distribution of annual growth rate of natural forests of Kyoto University Forests in Hokkaido (Shiranuka
Distriet) were analyzed using the continuous inventory on 14 permanent plots with a total area of 2.8ha. Average volume per ha
changed from 261.4nf" in 1976 to 299.2n? in 1997 and the annual growth of 0.6% rate was calculated by Presssler Method. The rate
was less than 1.0% which was temporally used as the annual growth rate for natural forests in the Long-Term Forest Management
Plan of Kyoto University Forests in Hokkaido (1987-1996) . The annual growth rate classified by forest type was 1.5% for conifer-
ous trees (Abies sachalinensis) and 0.0% for broad-leaved trees, respectively. Namely, the total growth rate mainly depends on the
presence of Abies sachalinensis. For broad-leaved trees, the characteristics of the growth rate were analyzed. As an overall
estimation, it was shown that the growth rate is approximately zero in Compartment 6 (average = 0.0%) , some degree of growth
will be probable in Compartment 4 (average = 0.4%) , and minus growth will be probable with a large bias in Compartment 8
(average = -0.6%) . In these estimations, fuzzy membership functions are exemplified.
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Table 1 Height curve and curve of estimated volume

fFEX 5 Species 2 i b, Dy bg
NN dbies sachalinensis 1.4351 0.1739 -4.118050 1.952183 0.830404
Y F & & Fraxinus mandshurica var. japonica 1.1076 0.1894 -4.192571 2.026058 0.773508
[~3ERBroad-laeved trees (L-2) 1.0750 0.2021 -4.275876 1.954105 0.922684
[ZERBroad-laeved trees (L-3) 0.8204 0.2175 -4.186137 1.981394 (.813849
[ZERIBroad-1aeved trees (L-4) 1.1148 0.2202 -4.119291 2.074820 0.633782

EE FIEIE A (1982,1984) .

7 BE =R (Height Curve)
H = (D/(a+a,-D))?
K450 (Curve of estimated volume)
Log V= by + by-Log D + by Log H
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Table 2 Number of trees, basal area, average diameter and volume by plot

7wy R hads /o h A W EE MG R (n*/ ha) FHEEE (em) W R (n’/ha)
&4 Year of _Hunber of trees per ha basal area Average Diameter Volume
Plot  survey A r reot IRYEH e ey LGER HENETRN di A FeyY LR
Number Total Broad-  Total Broad-  Total Broad~  Total Broad-
leaved leaved leaved leaved
trees trees trees trees
S4~1 1976 1,705 225 1,480 33.9 5.9 27.9 12,6 16.0 12.0 261.9 54.5 207.4
1980 1,670 210 1,460 34.8 6.1 28.7 12.9 16.8 12.3 270.5 56.7 213.8
1988 1,515 185 1,330 38.1 6.6 31.4 14.2 18.5 13.6 280.2 59.6 220.5
1992 1,445 155 1,290 37.6 4.9  32.7 14.5 17.8 14.2 275.2 42,7 232.4
1997 1,325 140 1,185 35.6 4.8 30.7 14.8 186 14.3 263.6  42.8 220.7
$4-2 1976 1,560 640 920 41.1 15.8 25.3 14.6 14.7 14.5 339.3 146.7 192.6
1980 1,600 605 995 41.8 16.4 25.4 14.6 15.5 14.0 346.9 154.8 192.1
1987 1,595 585 1,010 43.4 17.4 26.0 14.8 15.9 1l4.1 364.7 167.8 196.9
1992 1,480 545 945 44.5 17.9 26.8 15.8 17.0 15.1 344.2 158.7 185.4
1997 1,415 525 830 45.2 18,1 27.0 16,4 17.5 15.8 357.1 165.4 191.7
$4-3 1976 1,925 555 1,370 31.9 6.9 25.0 il1.4 10.1 12,0 243.2 58,1 185.1
1980 1,835 560 1,375 33.4 6.2 27.2 11.7 8.7 12.8 251.7 50.6 201.0
1988 1,945 805 1,340 33.8 7.1 28.7 12.3  10.7 13.1 225.7 48.7 176.9
1992 2,005 680 1,415 35.6 7.7 27.9 12.3 10.6 13.1 232.9 50.2 182.8
1997 2,110 695 1.418 36.5 8.4 280 12,4 11.0 13.1 239.6 56.4 183.2
S4-4 1976 905 385 520 30.9 15,9 14.9 17.1 20,7 14.5 271.3 153.8 117.4
1980 915 380 535 36.1 19.1 17.0 18.6 22.9 15.5 323.2 190.1 133.0
1988 800 380 520 43,2 23.6 19.5 20.5 25.5 16.9 376.1 229.4 146.6
1992 945 390 555 44.3 26.1 18.2 20.3 2.3 16.1 389.8 256.7 133.1
1997 880 390 490 46.3 28.5 17.8 21.6 27.4 17.1 411.7 280.3 131.4
54-8 1976 1,385 195 1,180 35.1 6.4 28.7 14.7 17.5 14.3 277.2 61.4 215.8
1980 1,410 185 1,225 36.6 6.1 30.4 15,0 17.8 14.6 287.6 58.7 228.8
1988 1,260 186 1,105 39.6 6.4 33.1 16.6 19.9 16.2 294.4 60.3 234.1
1992 1,285 160 1,125 41.8 7.0 34.8 16.8 20.2 15.3 313.3 65.2 248.0
1997 1,170 1585 1,015 41.2 7.5 33.7 17.6  21.3 17.0 313.6  70.7 242.9
§4-6 1976 1,315 730 585 31.9 16.1 15.8 15.1  15.2 15.0 256.1 138.9 117.2
1980 1,440 750 690 37.6 20.0 17.8 15,4 16.4 14.4 310.9 180.0 130.8
1988 1,300 700 600 43.5 24.3 19.1 17.6 18.7 16.3 346.2 212.2 133.9
1992 1,140 650 490 44.5 26.0 1B.4 19.2 20,1 17.9 364.7 234.4 130.2
1997 1,025 605 420 44.6  27.9 16.6 20.4 21.7 18.5 376.7 _255.7 121.0
$4~7 1976 1,120 180 930 21.4 2.7 18.6 13.2 12,1 13.4 157.2 21.9 135.2
1980 1,210 205 1,005 25.0 3.4 21.8 13.7 13.0 13.8 185.9 28.9 157.0
1988 965 150 815 26.5 3.3 23.1 16.2 15.5 16.4 186.5 26.3 160.1
1992 1,000 145 855 27.8 3.4 24.4 16.2 15,9 16.3 192.86 26.0 166.6
1997 1,018 150 865 29.7 4.0 25.7 16.5 16.8 16.4 210.4 32,2 178.2
S4~8 1976 1,380 745 645 40.3 28.5 13.8 6.4 19.2 13.1 352.2 250.2 101.9
1980 1,340 715 625 43,2 29.3 13.8 17.3 20.6 13.4 386.3 283.8 102.5
1987 1,175 635 540 47.2  33.3 13.9 19.3 23.4 14.5 438.5 334.1 104.3
1892 1,070 585 485 51.4 36.8 14.5 21,3 25.8 15.8 455.5 353.2 102.3
1997 920 525 395 50.6___36.5 14.1 23.0 27.2 17.4 457.8 357.1 100.7
S4-9 1976 1,825 715 1,110 41.3 17.8 23.5 - 13.8 15.1 12.9 340.3 163.3 176.9
1980 1,745 675 1,070 45,2 19.9 25.2 4.8 16.8 13.6 379.2 187.1 192.0
1988 1,450 580 870 49.0 21.3 27.6 17.3 18,0 16.1 390.0 189.3 200.6
1992 1,435 580 858 50.4 22.5 27.9 17.4 19.2 16.3 405.4 203.2 202.1
1997 1,280 540 740 48.6 22,3 26.3 18.3 18,9 17.2 397.7 205.8 191.8
56-1 1976 2,455 890 1,565 41.7 17.2 24.4 12.5 13.7 11.8 318.4 148.5 169.8
1980 2,465 890 1,575 43.7 19.4 24.2 12.9  14.4 12,0 337.8 172.4 165.1
1988 2,220 830 1,390 50.4 24,2 26.2 4.7 16,6 13.8 372.3 207.8 164.5
1992 2,270 870 1,400 52.2 25.6 26.6 14.7 18.5 13.6 390.0 222.2 167.8
1997 2,050 845 1,205 52.5 26.0 26.4 15.6 16.8 14.7 397.6 227.8 169.7
§6-2 1976 1,680 310 1,370 28.6 4.0 24.8 12.1  10.7 12.4 205.5 33.6 171.9
1980 1,675 310 1,365 29.8 4.3 25.4 12.4 11,1 12.7 215.4 36.6 178.8
1988 1,525 310 1,215 31.0 6.1 24.9 13.7 13.1 13.9 205.8 49.4 156.3
1992 1,530 300 1,230 33.1 6.6 26.4 14.2  14.0 14.3 220.4 55.1 165.2
1997 1,475 295 1,180 33.2 7.4 25.8 4.6 14.9 14.8 226.8 64.3 182.5
S$8-1 1976 755 7585 22.8 22.8 16.9 16.9 169.1 169.1
1980 805 805 24.1 24,1 16.8 16.8 179.5 179.5
1988 735 735 25.7 25.7 18.2 18.2 180.0 180.0
1982 680 690 25.1 25.1 18.7 18.7 176.8 176.8
1997 700 700 26.4 26.4 19.1 19.1 189.3 189.3
$8-2 1976 958 955 32.6 32.6 16.6 16.6 255.3 255.3
1980 970 970 33.5 33.5 16.7 16.7 263.1 263.1
1887 910 910 31.0 31.0 16.3 16.3 245.5 245.5
1992 895 895 27.0 27.0 15.8 15.8  195.6 195.6
1997 825 825 23.5 23.5 16.2 16.2 162.9 162.9
$8-3 1976 510 5 505 26.3 0.6 25.6 21.0  40.0 20.9 212.3 6.8 205.5
1980 500 5 495 25.7 0.6 25.0 20.8 42.0 20.5 208.8 7.6 201.2
1987 465 5 460 20.2 0.8 19.4 18.5 46.0 18.2 166.1 9.3 156.8
1992 470 5 465 22.9 1.0 21.8 19.0 52,0 18.7 183.5 12.1 171.3
1997 465 5 460 22.8 1.1 21.7 19.1 54,6 18.7 184.6 13.2 171.3
R3is] 1976 1,392 399 993 32.8 9.7 23.1 14.9 14,6 14.38 261.4 88.4 172.9
Average 1980 1,406 392 1,014 35.0 10.8 24.2 15.3 15.5 14.5 281.9 100.5 181.3
1987/88 1,283 366 917 37.3 12.5 24.8 16.4 17.3 15.5 290.9 113.9 176.9
1992 1,269 362 907 38.4 13.3 25.2 16.9 18,2 15.9 295.7 120.0 175.7
1997 1,190 348 842 38.3  13.8 24.86 17.5 19.1 16.4 299.2 126.6 172.7

Note 1) Abies sachalinensis
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Table 3 Number of trees of mortality and ingrowth by plot

(A& Number)
Joy b A HEBER (cm) AR SRRk &
BE Period Remajor Mortality Ingrowth Total
Plot - Change of average diameter (cm)

Number FHESE1 FHEE2 +0 +2 +4 +6  +8LLE
From To over

S4-1 1976 1980 261 64 0 0 0 16 9 350

1980 1988 242 44 10 1 1 36 5 339

1988 1992 184 84 4 0 0 21 7 310

1992 1997 214 43 1 3 0 28 4 293

S4-2 1976 1980 225 71 0 1 0 15 23 335

1980 1987 215 68 14 1 0 22 21 341

1987 1992 222 57 6 2 0 32 11 330

1992 1997 175 92 3 4 1 23 8 306

S4~3 1976 1980 276 89 5 0 0 15 17 402

1980 1988 204 120 15 3 0 45 47 434

1988 1992 262 111 4 1 0 11 41 430

1992 1897 317 69 1 11 0 21 24 443

S4-4 1976 1980 52 106 19 2 0 2 4 185

1980 1988 93 45 27 2 2 14 11 194

1988 1992 100 76 2 0 0 2 11 191

1992 1997 133 38 5 0 0 13 0 189

S4-5 1976 1980 182 81 2 0 0 12 17 294

1680 1988 164 57 9 4 2 46 16 298

1988 1992 180 83 1 0 0 8 13 265

1992 1997 191 39 1 0 0 26 3 260

S4-6 1976 1980 100 110 35 2 0 16 41 304

1980 1988 173 48 15 6 0 46 18 306

1988 1992 168 53 4 0 0 35 3 263

1992 1997 133 64 5 2 0 24 1 229

S4~7 1976 1980 76 120 15 1 0 12 30 254

1980 1988 117 56 8 6 0 55 6 248

1988 1992 141 37 0 Q 0 15 22 215

1982 1997 123 59 3 0 0 15 18 218

S4-8 1976 1980 176 75 14 0 0 13 3 281

1980 1987 130 69 16 12 0 41 8 276

1987 1992 166 36 8 1 1 23 2 237

1992 1997 119 60 3 0 0 32 2 216

S4-9 1976 1980 180 145 7 o] 0 33 17 382

1980 1988 201 65 12 4 0 67 8 357

1988 1992 205 66 1 0 3 15 12 302

1992 1997 158 86 1 8 0 34 3 280

S6-1 1976 1980 328 138 12 0 0 13 15 506

1980 1988 284 111 30 12 1 55 6 499

1988 1992 320 107 1 0 0 16 26 470

1992 1997 287 95 5 10 0 57 13 467

S6-2 1976 1980 283 49 0 0 0 4 3 339

1980 1988 182 89 17 2 2 43 13 348

1988 1992 214 70 5 1 0 15 16 321

1992 1997 216 67 3 0 1 19 8 314

$8-1 1976 1980 107 39 2 0 0 3 13 164

1980 1988 93 32 8 2 0 26 12 173

1988 1992 80 50 3 1 0 13 4 151

1992 1997 75 53 6 0 0 4 6 144

$8-2 1976 1980 137 47 1 0 0 6 9 200

1980 1987 84 67 10 2 1 30 18 212

1987 1992 122 38 7 0 1 14 11 193

1992 1597 110 53 1 0 1 14 Q 179

§8-3 1976 1980 75 20 1 [ 0 6 4 106

1980 1987 58 21 4 0 0 17 10 110

1987 1992 50 27 5 3 0 8 9 102

1992 1997 53 31 3 0 0] 7 6 100

13 1976 1980 2,458 1,154 113 6 0 166 205 4,102

Total 1980 1987/88 2,240 892 185 57 9 543 199 4,135

1987/88 1992 2,424 875 51 9 5 228 188 3,780

1992 1997 2,304 849 41 38 3 317 96 3,648
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= 2. 7oy FRISHEBESE (1967-19974F)
Figure 2 Growth rate (1976-1997)
Note: (1) Broad-leaved trees, (2) Abies sachalinensis

[, 6~8m A5 A&, 10~18cm ATI1AK, 20~28cm A% 7
A, 30~38cm HYL0A, 40cm LLEATS KTdH o7z, D
Ty T, 20em Kili OFRRAKRDE o f2 0 & AR
WCTHbH, MBERERODMIL, S4-3DHE0.6n' ha
EREWH, BTy AT $0.1~0.3n,/ ha T
Holze SA-31F14 7Ty biE— KEHMoOR 5N
Joray NChbH,

Ko, HEORESR Y 70y PINORT ERI-2 0
EBWTHDB, 7Oy bELHENESDE LN F
TYDKEBEILLBLDTHAEI bbb, 7y M
BERIZOWTEENOEY 2RO ZH, Py
H1.5% ., IRHEMD0.0% &k olze 70y PERER2E
B2 R85, RESII OV TIRIF E A EHBOREN A
bNladoll L ERLTVWAEEE)

Fe— 4. MRBERIER D

Table 4 Summary of the stand growth on permanent plots

(n®/ha)

oy b ERS WERME GRER BUERY R (1976-1997) Period 4 Annual
Plot number  Volume Volume Growth Growth #kgEA KR £R R ER HERER HREEFRER
(1978) (1997) (%) BERY Mortality Ingrowth 521%:@3) Mortality Ingrowth
S4-1 261.9 263.6 1.7 0.0 63.0 62.8 1.4 3.0 3.0 0.1
S$4~2 339.3 357.1 17.8 0.2 85.1 74.2 6.9 4.1 3.5 0.3
S$4-3 243.2 239.6 ~-3.6 -0.1 66.9 82.8 12.2 3.2 3.9 0.6
S4-4 271.3 411.7 140.4 2.0 161.8 22.6 1.2 7.7 1.1 0.1
S4-5 277.2 313.6 36.4 0.6 86.2 51.7 1.9 4.1 2.5 0.1
S4-6 256.1 376.7 120.6 1.8 151.6 32.5 1.5 7.2 1.8 0.1
S4-7 157.2 210.4 53.2 1.4 84.8 36.8 5.2 4.0 1.8 0.2
S$4-8 352.2 457.8 105.6 1.2 158.3 53.4 0.7 7.5 2.5 0.0
$4-9 340.3 397.7 57.4 0.7 126.9 71.3 1.8 6.0 3.4 0.1
S6~1 318.4 397.6 79.2 1.1 156.8 80.1 2.4 7.8 3.8 0.1
56~2 205.5 226.8 21.3 0.5 70.9 54.9 5.3 3.4 2.6 0.3
$8~-1 169.1 189.3 20.2 0.5 43.9 30.4 6.7 2.1 1.4 0.3
58-2 255.3 162.9 ~02.4 -2.1 53.0 148.9 3.4 2.5 7.1 0.2
58-3 212.3 184.6 -27.7 ~-0.7 54.3 86.7 4.6 2.8 4.1 0.2
ALAverage 261.4 299.2 37.9 0.6 97.4 63.5 3.9 4.6 3.0 0.2

1) BB REA D7 DN RO & atic—

Breakdown figures were not added to total,
2) 7L a5 —Rizk B, By Pressler’s formula.
3) Growth of remajored trees.

—HUIWIBARH S .
because each figure was rounded.
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BEH Annual growth rate (%)

H— 3. LI ORRED S
Figure 3 Distribution of growth rate (broad-leaved
trees)
Note: (1) Compartment No.8
(2) Compartment No.6
(3) Compartment No.4
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Figure 4 Membership function
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Figure 5 Example of membership function by plot

5.0

(growth rate of broad-leaved trees)
Note (A) 4 #KPF Compartment No.4
(B) 6 #KPE Compartment No.6
(C) 8 #RPE Compartment No.8
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