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Fig. 1. Example of observation trees (Abies sachalinensis)
) EETIOm, FiRAh SEIGEE TS, 54, 24

710 m in altitude, from left side, defolation degree 7, 5, 2.
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Fig. 2. Area of typhoon-damaged stands.
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B3 fREFRAEAK (B4A No.6)

Fig. 3. Sample tree (healthy).
650 m in altitude, defoliation degree 9.
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Fig. 4. Crown of a sample tree (declined).

650 m in altitude, defoliation degree 5.
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Fig. 5. Location of permanent sample plot.
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HEANEOREOLE THAT 2 hEMUBT AT LIITEN Y, ZIT, TEBKEIWILS
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Fig. 6. Transition of crown declined pattern.
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Table 5. Degree of defoliation by blanch age
H E K BRERER B R R DO EFRE (defoliation degree by branch age)!

Sample Whorl
tree branchage 1 2 3 4 5 6 7 8 9 10 11 12 13 14 154 Total

1 5 10 10 10 10 10 50
9 10 10 10 10 10 3 0 53 152
14 101010 7 5 3 1 2 1 0 O O O O 49

2 5 10 10 10 10 10 50
10 10 10 10 10 10 5 7 7 5 1 75 187
15 10 10 10 10 6 5 3 2 2 2 2 0 0 O 0 62

3 5 10 10 10 5 5 40
10 10 10 10 5 4 0 2 0 0 O 41 133
15 1010 10 5 5 58 3 2 1 1 0 0 0 O 0 52

4 5 10 10 8 7 5 40
10 0O 0 0 1 1 0 0 0 0 O 2 42
15 FEFERL (dead) 0

5 5 10 10 6 4 1 31
10 1010 2 O 0 0O O 22 80
15 10 10 6 1 0O 0 0 0 0 0 0O 0 0 O 0 27

6 5 10 10 10 10 7 47
10 10 10 10 10 10 8 4 5 1 0 68 170
15 10 10 10 10 5 3 3 2 1 1 0 0 0 O 0 55

1) AR 10 GEEE 10% LIT) —0 GEZE 100%).
10=under 10% defoliation—0=1009% defoliation.

Hoht, TNHORFGABGRED L D BHEE. L& 50, RGOETEEIERICL-TL
DESEDLBY, MPRORRNGBEHESULETS 5, £DLHITE, S S5ICEBNESIEEEE
ML CEHEORBMESH 2LENH 5, THbL, WSHER - EORIE, KFHEIcL 5%
% - HLEEOHBFEORREPLETSH 5,

2. KBEAE

a) HIRIBOBETE - BERE

REAEROBE IR -2 ITRTEBD TH S, HIEFEEARD No. 6 b, fiidvdhnd
£, ERIFELA No. 2, No. 6 12075 <, BEARIZE W E WD HHE0EED & i, lREH DD
72 No. 2, No. 6 BAFICHAZESBIEEREE L TWEYL, LE¥-T, BEsENEE» 6D
HEROZDERTIEEO—D2LBETH A5, —RICHAPABCRTH LTS L, ZHOE
£ (B 253, SHOFEBEKR6 KicBLTH, BEKIDELEFRCEZLE VS EHRIDZED
S,

Bolf 20 SERIOERE S & &, Bk 1971~'80 fEicktd 2 50 1981~'90 FE D& 10 4EfY
DREEHET 5 &, @#2AKANoO.613dhF O E(LAE BEFREREEZRL TV, fhio 5Kl
% 10 FEROBERENIZIER LTV S (F-3),

WIREBOBRAER ORI, 1~10 FAER T TRESAR, BIHAL bICLFThOFRERICHED



KIRBR b =y ORI 555 11

6 RiERmImOBEREIOEL B RE

Table 6. Cone and male flower bearing by branch age

) Bt G oF (+) - 8(—)

A B K ERrE AR

Sample tree Branch age ¥ 1t = 2 Lo
Male flower Cone

1 5
9
14

2 5
10
15

3 5
10
15

4 5
10 -
15 Fh5EH% (dead)

5 5
10
15

6 5
10 -
15 -

+ 0

+ 1

b1 little)

L+ + |+ ++ |+ ++

+ 1

|
+ +

+ 1

|
|+ +

SNPMHE TEIL NV, 11~20 FARIZB O TIIESAK No. 6 I3 HFENE <, No.2 b %
NSV, L L, HIHFAKRD 5B No. 5 IIHFEEIZDI Vs, ftho 3 ARIGFIEE D & KBS b5th
FLTW3 (F4), TOWMHYDIRAERORIEIC X - T, BITERHRTABLL TEHRR OB TR %
ELTW3, LEkW-T, BIEB) 22T 3 KIBERBBOTHTH 555, Rk 1~10 FE4H
FTRBETHERR SRV,

BUERIRES ORAEER| OB EREE A A 5 & (K-5), b FAR TRIRLAK, FFAL bILWTFh
OFBEARSREIME LT L cHENSEL TBY, MEOMICHE v ERBED IR
W, 2K No.2,No.6 D 10 AR TIZ O MWL 10 FER T FE T, 156FEKTIRI0%
WU 1R B k& THEEERF T TV 5, 59K No. 1, No. 3,No. 4 8 XU No. 5 i3k
ICHARHEOFGIEL, HABEABTOENKE L, COFBMLETIE, 5,10 BL U 16 FE4K
ORFER T LIcBOTHIENS MK LT WES OEEREOASEHEI 300 &75 5, 2hicx
TEEERE KD S &, LK No.2,No. 613 62%,57% TH b, HE§FA No. 1, No. 3, No. 4, No.
513 14%~50% TH D {EWVEEZRT,

wic, #he EMoBFmIOETL B KK (FH6) 245 &, BIEORE, 5, 10 F4ET
FRAK, BIEAE LICLVThOFBERICOED SN, 15 FEERTIEEELA No. 6 2 xftho
5ARICED SN, BREDOREBNL, 5, 10 FATRELAK, BIEALE BILTFIOFEARIC HED
5>h, 5,10 F4£ETiE No. 3 EEOMFERE L7z No. 4 2R\ Tihd 4 Aici@b ot Plhok
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No. 1 No. 1
No. 2 No. 2
F
No. 3 [ No. 3 .
: . . — l
No. 4 No. 4
No. 5 No. 5 .
L
20 % 40 E
%
F1o (m) 20(cm)
120 ~100 -80 —-60 —40 —20 ~120 —100 -80 —60 —40 —-20

(yr.) (yr.)

K-7(1) (REAEROBRERNT
Fig. 7(1). Growth analysis of sample trees (tree height and d.b.h.).

312 5, 10 FAERTIRIKRIZEAD Shibs, HILRRED SN b -7, 727, BLAKNo.6 121
12, 15 FAERICBWTOHEOERRZED Sl -, Lichi-T, BEICHIL EREOME
BEE>TEELEP > O REERBOEKT Y, HizholbidwvdboliffExhz, @K
No.2 & 15 FAERKORIERIVDIL, RBEOMER%ZRL TV 5,

PR YRSELES LA B E, HREIMESDS 2m COVOEMICRE LY, HitkEh
LOPPTHTEHRBELEE L CHRRLVIEVEEATTAICEET 282600, WEHNEHE
T 5 LBERIEROBILSREE 2 L5 Th 3, BEAICE S L, HoFELE, RBIEIHEYOHKR%
FEF23DT, BHENESBO>ETHHI - TV 3,

D Eo@EEHER» S, BB LofPRRIC3ETE B L 25ERBOET, Bibh
DI EELTVWBAGAEBEVLSIKALNS,

HEARORAEDFHRE L Tid, £33 IRTHEKEREE A5 &, 1982 FLKED o HEM&E
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No. 1 . No. 1

No. 2 i No. 2

No. 3 . No.3

No. 4 . No. 4

No. b No. 5 i

No. 6 13000 g No. 6 3 4
2000 % 2 1%
1mm$ 1 (m)

—120 100 —80 —60 —40 —-20 ~120 —100 —80 -60 —40 —20
(yr) (yr)

X-7(2) {kEGREAROREMRT

Fig. 7(2). Growth analysis of sample trees (basal area and stem volume).

EMETLTOREGENE L, 1981 FoREMSZOFERD—DEEZL SN 5,

b) AR

K-7 8 X UET 25, FIHIKETIE, No. b BEFcENn, 3 No. | IEHRISED, - 122
Ehbh b, BEOREATH S No.2 & No. 6 B4T LFIHOBRENENTHW b TIRE
W No. 5 2B\ 7 5 AI3H) 60 SERITED S ERESIERIC D, Thicg| &V TERRE S
BALTVS, LAL, Bf 10 EROKEEE T No. 2 & No. 6 i2fthofiARz K % < EEo e
WIREETHZ T LERLTVS, O EFERKRICBVTRICEF RN TED, #L2KT
124BEE 3.5~9.0 mm BBEDIERKENA SN BDIcxt LT, No.l & No.3 DEFEAIE 3.0 mm
PIFTORE LR LTWIEY, $7, FH59AK No. 4 13501 4 I3 3.0 mm U FORE LARL
TWHEWL, 2O ERE®BEBcBLWT D LS (K-8), KiE 23.1 m © No. 2, 5 27.2 m
® No. 6 Tlt, & 10 FEficHiE 11.3~19.3 m D5 THEFHS 2.0 mm DL EDIEAKES S S
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Table 7(1). Growth analysis of a sample tree
FHEA No.l
e B & m) =R (cm) i T (cm®) M m®)
Tree height d.b.h. Basal area Volume

Age  RE GEFRE)

Accumu. (Annual)

(yr)

Rk GEFRR)

Accumu. (Annual)

fEkE GHEERRED

Accumu. (Annual)

fekE GEEFRRR)

Accumu. (Annual)

123 21.23 (0.07) 48.05 (0.17) 1813.33 (13.18 1.852 (0.0198)
122 21.16 (0.08) 47.88 (0.22) 1800.14 (16.88 1.832 (0.0199)
121 21.09 (0.05) 47.65 (0.18) 1783.26 (13.07 1.812 (0.0188)
120 21.04 (0.07) 47.48 (0.22) 1770.19 (16.74 1.793 (0.0193)
119 20.97 (0.07) 47.25 (0.13) 1753.45 ( 9.26 1.774 (0.0138)
118 20.90 (0.08) 47.13 (0.15) 1744.18 (11.09 1.760 (0.0150)
117 20.83 (0.11) 46.98 (0.22) 1733.10 (16.56 1.745 (0.0174)
116 20.72 (0.05) 46.75 (0.15) 1716.54 (11.00 1.728 (0.0166)
115 20.67 (0.09) 46.60 (0.15) 1705.54 (10.96 1.711 (0.0171)
114 20.58 (0.13) 46.45 (0.30) 1694.58 (21.82 1.694 (0.0249)
113 20.46 (0.08) 46.15 (0.15) 1672.76 (10.82 1.669 (0.0197)
110 20.20 (0.10) 45.70 (0.37) 1640.30 (26.02 1.610 (0.0332)
105 19.70 (0.12) 43.85 (0.51) 1510.18 (34.43 1.444 (0.0422)
100 19.08 (0.22) 41.28 (0.68) 1338.02 (41.97) 1.233 (0.0514)
95 17.97 (0.27) 37.90 (0.71) 1128.15 (40.29) 0.976 (0.0425)
90 16.63 (0.33) 34.35 (0.88) 926.71 (44.44) 0.763 (0.0434)
85 14.97 (0.20) 29.95 (0.97) 704.50 (41.74) 0.546 (0.0398)
80 13.97 (0.27) 25.13 (0.79) 495.79 (28.73) 0.347 (0.0256)
75 12.63 (0.35) 21.18 (0.84) 3562.16 (25.04) 0.219 (0.0191)
70 10.90 (0.35) 17.00 (0.68) 226.98 (16.34) 0.123 (0.0103)
65 9.15 (0.15) 13.60 (0.62) 145.27 (11.65) 0.072 (0.0063)
60 8.38 (0.15) 10.53 (0.27) 87.00 ( 4.18) 0.041 (0.0024)
55 7.61 (0.18) 9.18 (0.20) 66.12 ( 2.66) 0.028 (0.0017)
50 6.70 (0.20) 8.20 (0.23) 52.81 ( 2.70) 0.020 (0.0014)
45 5.70 (0.20) 7.08 (0.21) 39.31 ( 2.11) 0.013 (0.0011)
40 4.70 (0.20) 6.05 (0.17) 28.75 ( 1.50) 0.008 (0.0005)
35 3.70 (0.13) 520 (0.21) 21.24 ( 1.54) 0.005 (0.0003)
30 3.03 (0.09) 4.15 (0.28) 1363 ( 1.52) 0.004 (0.0004)
25 2.57 (0.09) 2.75 (0.30) 5.94 ( 0.93) 0.002 (0.0003)
20 2.12 (0.08) 1.28 (0.26) 1.28 ( 0.26) 0.001 (0.0001)
15 1.70 (0.04) 0.00 (0.00) : 0.00 ( 0.00) 0.000 (0.0000)
10 1.50 (0.06) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
5 1.20 (0.24) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)

NAHEDITH LT, #E21.2m @ No. 1, #5249 m @ No. 3, #= 24.3m ® No. 4, #5 26.7 m
® No.5 Tl 1.0mm LI FORKEE LR LTVEYL, Lizhi->T, MERETIE, No. 2 3%
D 10 FRIORESRD 0.55 m®, No. 6 i 0.58 m®, FEKERICL T 4.0% & 2.0% 2/RLTW3
DXL, No. 1, No.3, No.4, No.5 TIRIEID 10 EROBEETENZN 0.18 m? 0.15 m?,
0.19 m® 0.26 m? FRERT 1.0%,1.2%, 1.5%, 1.1% LARLTWEL, CDX 5z, B FE
DEEBOESBARLEORERICKEZFELEZ TVWEI L0800 5,

ZNTIE, TOEIBHREOHRBBOODSIEE /D THAI M, KTIRLILEBD,
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Table 7(2). Growth analysis of a sample tree
FHHEAR No.2
o B (m) =B £ (cm) M= TEiRE (cm?) M R (m?)
Age Tree height d.b.h. Basal area Volume

kR (EFESR)

kR GEERE)

wR GEERE)

Bk GEFERER)

(yr) Accumu. {Annual) Accumu. (Annual) Accumu. (Annual) Accumu. (Annual)

100 23.10 (0.18) 45.35 (0.80) 1615.27 (56.49) 1.697 (0.0599)
99 22.92 (0.14) 44.55 (0.88) 1558.78 (60.63) 1.637 (0.0512)
98 22.78 (0.14) 43.68 (0.58) 1498.15 (39.19) 1.586 (0.0467)
97 22.64 (0.20) 43.10 (0.60) 1458.96 (40.34) 1.539 (0.0473)
96 22.44 (0.13) 42.50 (0.65) 1418.62 (43.06) 1.492 (0.0430)
95 2231 (0.11) 41.85 (0.72) 1375.56 (47.25) 1.449 (0.0476)
94 22.20 (0.11) 41.13 (0.63) 1328.32 (40.07) 1.401 (0.0630)
93 22.08 (0.13) 40.50 (0.90) 1288.25 (56.62) 1.338 (0.0769)
92 21.95 (0.20) 39.60 (0.88) 1231.63 (53.83) 1.261 (0.0577)
91 21.75 (0.21) 38.73 (0.77) 1177.80 (46.67) 1.204 (0.0565)
90 21.54 (0.19) 37.95 (0.56) 1131.13 (32.15) 1.147 (0.0436)
85 20.59 (0.32) 35.15 (0.72) 970.38 (37.72) 0.929 (0.0452)
80 18.99 (0.27) 31.55 (0.83) 781.79 (38.43) 0.703 (0.0422)
75 17.63 (0.39) 27.40 (0.83) 589.65 (33.02) 0.492 (0.0346)
70 15.70 (0.35) 23.25 (0.87) 424.56 (28.65) 0.319 (0.0250)
65 13.97 (0.30) 18.93 (0.90) 281.29 (23.46) 0.194 (0.0182)
60 12.44 (0.31) 14.45 (0.48) 163.99 ( 9.99) 0.103 (0.0085)
55 10.90 (0.40) 12.05 (0.48) 114.04 ( 8.10) 0.061 (0.0056)
50 8.90 (0.42) 9.68 (0.42) 73.52 ( 5.69) 0.033 (0.0034)
45 6.80 (0.39) 7.58 (0.40) 45.07 ( 4.13) 0.016 (0.0018)
40 4.86 (0.22) 5.58 (0.29) 2441 ( 2.18) 0.007 (0.0007)
35 3.74 (0.18) 4.15 (0.30) 13.53 ( 1.60) 0.004 (0.0003)
30 2.84 (0.15) 2.65 (0.28) 5.52 ( 0.85) 0.002 (0.0003)
25 2.07 (0.15) 1.28 (0.26) 1.28 ( 0.26) 0.001 (0.0001)
20 1.30 (0.14) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
15 0.59 (0.07) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
10 0.23 (0.02) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
5 0.12 (0.02) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)

No. 1 Tld 23 4RO 100 H4EK F T 20 cm LILETH - 7ol mcss, 18 4FiD 105 F4
BELIRE 10 cm FijigIc & BiA A, AUV CEBEERE b B X % 13 FRID 110 FARLIEZ
nETHD50mmLLEdL S 3.0mm U FICEBIAA TV S, No. 3 TREEREN 9 FFiH» S,
BERERED T i) bABICHEBIAATWS, No. 4 TiIEREE No. 3 L[EERIC 9 FHiL» 5
B L, BEEEEICSWVTIE 5 FHiH, S>DEAANE L, No.5 13 65 FFF]D 55 FARFLIE,
BERE RIET OREICH v, KEKEEEMEORERRZRE —EDEEZR > TV 5,

R Lz & Hic, TOHEBERTIE 1981 Fio KX BAEAZITHY, No.3 & No. 4 3D
ErbsLHicEbND, WEKEEOEFEREREERS L, @é*@NoZ&No6k$hf
LREDCEEBLELNIREBOEAANED SN S, L LML, Nolok)icEHENRK
BA 23 mm/yr. PLTFic - Th 10FELL bich o » THEEZRT 28k b 5 5.
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Growth analysis of a sample tree
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Table 7(3).
#HEAK No.3
¥ S (m) BB (cm)
ﬂi\gf% Tree height d.b.h.
by MR GEEIRE) IR GEEFRE)

Accumu. (Annual)

Accumu. (Annual)

M=l (cm?)

Basal area

wkfk GEEFRRE)

Accumu. (Annual)

M B (m®

Volume

k& GEERR)

Accumu. (Annual)

97 24.90 (0.07) 38.40 (0.10) 1158.12 ( 6.02) 1.373 (0.0130)
96 24.84 (0.04) 38.30 (0.08) 1152.09 ( 4.51) 1.360 (0.0124)
95 24.79 (0.08) 38.23 (0.10) 1147.58 ( 6.00) 1.347 (0.0124)
94 24.72 (0.15) 38.13 (0.08) 1141.59 ( 4.49) 1.335 (0.0131)
93 24.57 (0.05) 38.05 (0.15) 1137.10 ( 8.95) 1.322 (0.0131)
92 24.53 (0.07) 37.90 (0.10) 1128.15 ( 5.95) 1.309 (0.0137)
91 24.45 (0.08) 37.80 (0.13) 1122.21 ( 741) 1.295 (0.0162)
90 24.38 (0.03) 37.68 (0.27) 1114.80 (16.21) 1.279 (0.0195)
89 24.34 (0.05) 37.40 (0.28) 1098.58 (16.10) 1.259 (0.0195)
88 24.29 (0.12) 37.13 (0.22) 1082.49 (13.08) 1.240 (0.0191)
87 24.17 (0.14) 36.90 (0.25) 1069.41 (14.39) 1.221 (0.0198)
85 23.90 (0.10) 36.40 (0.33) 1040.62 (18.44) 1.181 (0.0353)
80 23.40 (0.25) 34.75 (0.45) 948.42 (23.77) 1.004 (0.0339)
75 22.16 (0.25) 32.50 (0.42) 829.58 (20.75) 0.835 (0.0287)
70 20.90 (0.20) 30.40 (0.51) 725.83 (23.33) 0.692 (0.0270)
65 19.90 (0.23) 27.85 (0.94) 609.17 (37.65) 0.557 (0.0356)
60 18.73 (0.29) 23.15 (0.97) 420.91 (31.58) 0.378 (0.0316)
55 17.30 (0.70) 18.30 (0.89) 263.02 (22.47) 0.220 (0.0224)
50 13.80 (0.63) 13.85 (0.75) 150.66 (14.11) 0.108 (0.0136)
45 10.63 (0.57) 10.10 (0.74) 80.12 ( 9.59) 0.040 (0.0058)
40 7.80 (0.70) 6.40 (0.37) 32.17 ( 3.18) 0.011 (0.0013)
35 4.30 (0.30) 4.55 (0.29) 16.26 ( 1.74) 0.005 (0.0004)
30 2.80 (0.17) 3.10 (0.22) 7.55 ( 0.88) 0.003 (0.0004)
25 1.97 (0.17) 2.00 (0.40) 3.14 ( 0.63) 0.001 (0.0001)
20 1.13 (0.04) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
15 0.92 (0.05) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
10 0.69 (0.06) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)

5 0.41 (0.08) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)

3. BEEEEMAOEE - RLERE

WHERBREIRBILRT LB TH S, BEREENOHAIZT, 8D/ 5 2MBELEL 24D
70% 25D T, BEMPEE-TVWEEEDLNBE6LITDY 5 20EEIE19% TH - 12, &
{LRRETI, 7,805 o0 77% %5, 6 LITD 7 5 2DEIGIE 12% THERE L h~~S
YFBNE O, WEOHHIIEER LEROBERERL 7o, FHREILEIR (A) BLED 56%
Y, TREEOSWEIRI(B) 13 18% T, KIEFRE - HLIRE « BEOFEIE 62~68 T
H o1, BETHBTIIRED 10% iIch 7 2RARBARLEES N, 31% HPPRHE, 59% HifiE
RTH-12, [RB] KOEERE - #LEE - WE O} 5.6~6.2, HFEKERDEHMEIE
28 mm/yr. THEIFH (B) DI L bEVEERL TV,

BRI LR OBERER & ORICIEAERBEORT, bbb, SO & &m0
FRREEGHAT 2045380 Sh, HBIREERD 2 & 0522 OIFOHBEEAED i,
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Table 7(4). Growth analysis of a sample tree
FHHEA No. 4
P R & (m) =B R (cm) M T RR (cm?®) M m
Age Tree beight d. b h. ) Basa{ area Vol}lme
(vr) Bk GEERR) fekk GEHERE) kR GEERR) Bk GEERE)
i Accumu. (Annual) Accumu. (Annual) Accumu. (Annual) Accumu. (Annual)
105 24.30 (0.13) 39.50 (0.22) 1225.42 (13.92) 1.360 (0.0121)
104 24.17 (0.06) 39.28 (0.20) 1211.50 (12.31) 1.348 (0.0112)
103 24.11 (0.06) 39.08 (0.30) 1199.19 (18.34) 1.336 (0.0126)
102 24.05 (0.10) 38.78 (0.25) 1180.85 (15.18) 1.324 (0.0123)
101 23.95 (0.07) 38.53 (0.45) 1165.67 (27.07) 1.311 (0.0156)
100 23.88 (0.07) 38.08 (0.38) 1138.60 (22.32) 1.296 (0.0186)
99 23.81 (0.08) 37.70 (0.42) 1116.28 (25.03) 1.277 (0.0231)
98 23.74 (0.10) 37.28 (0.65) 1091.25 (37.73) 1.254 (0.0275)
97 23.64 (0.10) 36.63 (0.33) 1053.52 (18.61) 1.227 (0.0246)
96 23.54 (0.21) 36.30 (0.40) 1034.91 (22.68) 1.202 (0.0269)
95 23.33 (0.15) 35.90 (0.35) 1012.23 (19.26) 1.175 (0.0275)
90 22.61 (0.19) 34.15 (0.41) 915.95 (21.33) 1.037 (0.0308)
85 21.66 (0.27) 32.10 (0.45) 809.28 (21.89) 0.884 (0.0361)
80 20.30 (0.30) 29.85 (0.52) 699.81 (23.32) 0.703 (0.0303)
75 18.80 (0.25) 27.25 (0.55) 583.21 (22.35) 0.552 (0.0262)
70 17.55 (0.21) 24.50 (0.55) 471.44 (19.98) 0.421 (0.0209)
65 16.50 (0.20) 21.75 (0.76) 371.54 (23.70) 0.316 (0.0211)
60 15.50 (0.31) 17.95 (0.72) 253.06 (18.27) 0.211 (0.0194)
55 13.97 (0.33) 14.35 (0.68) 161.73 (13.51) 0.114 (0.0119)
50 12.30 (0.80) 10.95 (0.63) 94.17 ( 8.01) 0.054 (0.0062)
45 8.30 (0.24) 8.30 (0.44) 54.11 ( 4.98) 0.023 (0.0026)
40 7.10 (0.24) 6.10 (0.26) 29.22 ( 2.23) 0.010 (0.0011)
35 5.90 (0.20) 4.80 (0.22) 18.10 ( 1.47) 0.005 (0.0004)
30 4.90 (0.20) 3.70 (0.17) 10.75 ( 0.87) 0.003 (0.0002)
25 3.90 (0.20) 2.85 (0.16) 6.38 ( 0.62) 0.002 (0.0000)
20 2.90 (0.25) 2.05 (0.41) 3.30 ( 0.66) 0.002 (0.0003)
15 1.63 (0.11) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0001)
10 1.08 (0.11) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
5 0.52 (0.10) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)
1o, TRIEFRRE & E(LIEE ORI S WHBALEEY SN,

EERE RS 2.5 mm T ORAKRLSED 11% TH A0, ThdEBTNTRATFET AR
F712 [RORE] £ ->THY, 55 mm P EOBRARDEIEE 32% THBHH, IHHR>TNT
ETERRRE & WLARE DS 7 UL THRATHE T3 89% (22 TH -1,

DLEDC &b, BERERIHERECHLEE LMENEVEELLNDEOT, Ikl
KOREBREDIGHEE 15 L, EEREED 25 mm DT ORA% [H55AK), 55 mmLE%E [
AR ELTHLEELTRAREBBV AP LB USBVEEI OGNS,

4. BEEEEBORREROENT
Lo 3.0 EH SEFRERERAORLEOIFEL LT, BEEMEE 2.5 mm LT oA
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Table 7(5). Growth analysis of a sample tree
FHEAK No.5
F o B & (m) MSIERR (cm) WS iEE (cm?) # H(m?
Age Tree beight d.b.h. Basa! area Volume
(yr) ik GEFRE)  #KE EFERE) ©%RE GEFRE) HkE GEFRE)
Accumu. (Annual) Accumu. (Annual) Accumu. (Annual) Accumu. (Annual)
120 26.70 (0.06) 49.45 (0.42) 1920.53 (32.87) 2411 (0.0350)
119 26.64 (0.08) 49.03 (0.33) 1887.66 (24.94) 2.376 (0.0292)
118 26.56 (0.08) 48.70 (0.25) 1862.72 (19.08) 2.347 (0.0262)
117 26.48 (0.08) 48.45 (0.28) 1843.64 (20.87) 2.321 (0.0250)
116 26.40 (0.08) 48.18 (0.27) 1822.77 (20.75) 2.296 (0.0223)
115 26.32 (0.04) 47.90 (0.25) 1802.02 (18.76) 2.273 (0.0220)
114 26.28 (0.07) 47.65 (0.25) 1783.26 (18.66) 2.251 (0.0243)
113 26.21 (0.06) 47.40 (0.23) 1764.60 (16.71) 2.227 (0.0238)
112 26.15 (0.08) 47.18 (0.42) 1747.89 (31.35) 2.203 (0.0274)
111 26.07 (0.09) 46.75 (0.22) 1716.54 (16.48) 2.176 (0.0243)
110 25.98 (0.11) 46.53 (0.21) 1700.05 (14.82) 2.152 (0.0232)
105 25.41(0.13) 45.50 (0.24) 1625.97 (16.93) 2.036 (0.0255)
100 24.75 (0.04) 44.30 (0.32) 1541.33 (21.87) 1.908 (0.0305)
95 24.57 (0.09) 42.70 (0.30) 1432.01 (19.77) 1.756 (0.0311)
90 24.12 (0.09) 41.20 (0.39) 1333.17 (24.64) 1.600 (0.0312)
85 23.66 (0.09) 39.25 (0.37) 1209.95 (22.27) 1.444 (0.0318)
80 23.19 (0.11) 37.40 (0.37) 1098.58 (21.20) 1.285 (0.0289)
75 22.67 (0.11) 35.55 (0.35) 992.59 (19.06) 1.141 (0.0274)
70 22.14(0.11) 33.80 (0.42) 897.27 (21.61) 1.004 (0.0278)
65 21.62 (0.12) 31.70 (0.33) 789.24 (16.00) 0.865 (0.0244)
60 21.01 (0.14) 30.05 (0.35) 709.22 (16.04) 0.743 (0.0233)
55 20.30 (0.14) 28.30 (0.42) 629.02 (17.98) 0.626 (0.0252)
50 19.569 (0.21) 26.20 (0.54) 539.13 (21.08) 0.501 (0.0255)
45 18.55 (0.25) 23.50 (0.62) 433.74 (21.38) 0.373 (0.0225)
40 17.30 (0.29) 20.40 (0.57) 326.85 (16.99) 0.261 (0.0171)
35 15.87 (0.51) 17.55 (0.70) 241.90 (17.37) 0.175 (0.0159)
30 13.30 (0.53) 14.05 (0.80) 155.04 (15.14) 0.096 (0.0110)
25 10.63 (0.67) 10.05 (0.64) 79.33 ( 8.49) 0.041 (0.0054)
20 7.30 (0.53) 6.85 (0.65) 36.85 ( 5.33) 0.013 (0.0022)
15 4.63 (0.57) 3.60 (0.44) 10.18 ( 1.73) 0.002 (0.0005)
10 1.80 (0.30) 1.40 (0.28) 1.54 ( 0.31) 0.000 (0.0000)
5 0.30 (0.06) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)

% [HEAL 55 mmElEoMAE [BEK] LEHRL, ETEEHAO b K< v REAKIC Lo
SRR L RERDEIGEHE L1z (£-9), BEIEEHEROREIALAD 1970 EROEFRER
P OHEET B &, A 18%, FFTAD 82% &105, ThicxtL T 1980 EROBRERE T
23% MREKT, 25% BEFHALLD, BEKOEIGH 5% B, HTIIAN 7% RT, 19704
RED SHFMORBBBL B -1 EABTENTES, &5 i, DEMroFEEH VT,
1970 & 1980 FHROBEEMRMAD b K=Y OBEREBROTHHEDOEERE L& A
196 KETHEENSED SN, T78b 5, 1970 FAROEATLH 3.46 mm/yr.Th 5 Dzt L
T, 1980 fERDBEANEE 3.92 mm/yr. & 046 mm/yr. 55 15 > Ty
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Table 7(6). Growth analysis of a sample tree
FAEAR No.6
e #E (m) WIS (cm) MuE RS (cm®) M & (m®
Age Tree height d.b.h. Basal area Volume

kR (EFERR)

fRkk GEERR)

ok GEFRE)

g (EERR)

tyr) Accumu. (Annual) Accumu. (Annual) Accumu. (Annual) Accumu. (Annual)
107 27.20 (0.18) 62.90 (0.40) 3107.35 (39.40) 3.325 (0.0734)
106 27.02 (0.12) 62.50 (0.35) 3067.96 (34.27) 3.252 (0.0605)
105 26.90 (0.15) 62.15 (0.45) 3033.69 (43.77) 3.191 (0.0548)
104 26.75 (0.27) 61.70 (0.40) 2989.92 (38.64) 3.137 (0.0541)
103 26.48 (0.13) 61.30 (0.40) 2951.28 (38.39) 3.082 (0.0542)
102 26.35 (0.12) 60.90 (0.40) 2912.89 (38.14) 3.028 (0.0581)
101 26.23 (0.18) 60.50 (0.45) 2874.75 (42.61) 2.970 (0.0607)
100 26.05 (0.13) 60.05 (0.50) 2832.15 (46.97) 2.909 (0.0610)
99 25.92 (0.16) 59.55 (0.55) 2785.18 (51.21) 2.848 (0.0563)
98 25.76 (0.26) 59.00 (0.60) 2733.97 (565.32) 2.792 (0.0522)
97 25.50 (0.10) 58.40 (0.50) 2678.65 (45.47) 2.740 (0.0514)
95 25.30 (0.15) 57.40 (0.54) 2587.70 (47.54) 2.637 (0.0552)
90 24.53 (0.15) 54.70 (0.68) 2349.98 (56.61) 2.361 (0.0658)
85 23.76 (0.21) 51.30 (0.93) 2066.92 (71.54) 2.032 (0.0867)
80 22.73 (0.29) 46.65 (1.02) 1709.20 (70.66) 1.598 (0.0776)
75 21.30 (0.22) 41.55 (1.17) 1355.91 (70.99) 1.210 (0.0707)
70 20.19 (0.26) 35.70 (1.11) 1000.98 (567.41) 0.857 (0.0570)
65 18.90 (0.40) 30.15 (1.05) 713.94 (45.40) 0.572 (0.0427)
60 16.90 (0.42) 24.90 (0.86) 486.95 (30.57) 0.358 (0.0292)
55 14.80 (0.70) 20.63 (0.97) 334.10 (27.61) 0.212 (0.0200)
50 11.30 (0.45) 15.80 (0.72) 196.07 (15.83) 0.112 (0.0105)
45 9.05 (0.25) 12.20 (0.63) 116.90 (10.51) 0.060 (0.0066)
40 7.80 (0.30) 9.05 (0.52) 64.33 ( 6.33) 0.027 (0.0030)
35 6.30 (0.31) 6.45 (0.39) 32.67 ( 3.35) 0.012 (0.0015)
30 4.73 (0.29) 4.50 (0.27) 15.90 ( 1.62) 0.004 (0.0004)
25 3.30 (0.12) 3.15 (0.21) 7.79 ( 0.87) 0.002 (0.0002)
20 2.71 (0.12) 2.10 (0.18) 3.46 ( 047) 0.001 (0.0002)
15 2.12 (0.12) 1.20 (0.15) 1.13( 0.19) 0.000 (0.0000)
10 1.54 (0.25) 0.45 (0.09) 0.16 ( 0.03) 0.000 (0.0000)
5 0.30 (0.06) 0.00 (0.00) 0.00 ( 0.00) 0.000 (0.0000)

KIT, TNEHENRMS & BERROIEHERS T THRTA B &, HEEKS TR 1970

FROBLEAR 20%, FIEAK 26% <X LT, 1980 FARDELA 19%, BFHA 26% & Kx1Z1k
EASES S 3.61 mm/yr. 25 3.76 mm/yr. & 0.15 mm/yr. m{ 1 ->TWVW3
DD, FOMICEBREFRD O h T, L L, #m%%ﬁfm1woﬁﬁ®@é*1wc

BAH SN,

59K 38% ot LT, 1980 FEARDEEK 26%, THITK 24% & KIBICRFHIARDEIGHELD L

W5, A 3.30 mm/yr. 225 4.11 mm/yr. & 0.81 mm/yr. H< 50,
BEB SN, TN O DOREARDORBDEDSHEEMS T} 20% THEOIH LT, M
oY E 26% L, FEMEEMPORIIADEE I &

mEELONB,

1% KETHEZE

S>THREN T L LBRP DO TIRIE WL
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Fig. 8. Vertical cross section increment of sample trees in the latest 10 years.
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72T, BREMDEERERNDT THRTHSE, BERDTIERAOEIEY 5% &
D, BEKD 4% ML, BEAFEES 0.33 mm/yr. &< 125> TV B DI LT, EREKST
REFGROEEH 6% Wb, 2K 4% WML, EAFESEL 0.41 mm/yr. 5L 1 - T 3,
1970 F4K & 1980 FROIEIC >V TEERD TRERZRED S0 Eh - 7243, FEREEK
SCBVWT 5% KEOHEEREMNBED SNz, THIZEENS TIRREIARD 287 » 5 128 &
45% bR LTV B 120, EORHDBNEIC - 72 b0 & Bbh, B IEHEERS TIREEAR
#5105 5 36 & 66% bELAUHT, AR 055 mm/yr. FRLTW3, Zhidde
FEMDATE LAY S bAFERT TOEEBREIC X - ThIKSh, S 2E- 2 Eikok
BEMDBLIEIL D bREL B 12D EEZ ONB, —F, WEKRDTRIAE - EREIChHrb
STRBA « BERKOEIGICEERELRBED SNV, Thid, REETHICK - TEELRIO
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% 8(1) EEEENOEE - #UEE L EFEEKER (mm/yr) - WEE (%/yr.) OBtk
Table 8(1). Relationship between periodical annual diameter increment and health evaluation
at permanent sample plot

w3 oK M REREED EUREEY M O E =B B S OAIHEY EERER R E R
Plot Number of Defolia- Yellowing Cover Declined Total Annual  Growth

number samples tion degree pattern evaluation increment rate
5001 8 7.0 78 7.1 2.4 2.6 34 0.8
5002 13 7.6 8.0 74 2.2 2.8 5.3 1.2
5115 16 6.6 7.1 6.3 14 1.9 3.2 0.7
5122 17 7.5 7.8 7.3 24 2.8 6.0 1.2
5201 14 7.2 8.1 7.6 24 2.9 5.0 1.2
5304-2 13 6.8 7.2 7.2 1.9 2.1 4.3 1.0
5304-3 10 6.1 6.8 7.5 1.7 1.8 3.3 0.8
5304-4 17 7.6 7.8 8.2 2.1 2.6 5.1 1.3
5304-5 30 7.6 7.7 79 2.1 2.5 4.7 1.2

AR SR GRRED)  BMUEE W B WE R RAHE EFRRR & &

Defolia- No. of samples  Yellowing  Cover Declined Total Annual Growth
tion (Component ratio) degree pattern evaluation increment rate
4 1(1%) 6.0 5.0 1.0 1.0 1.3 0.2
5 6 ( 4%) 6.2 5.2 1.2 1.2 2.2 0.5
6 19 (14%) 6.6 6.9 1.6 1.6 38 0.9
7 50 (36%) 7.4 7.3 2.1 2.4 4.2 1.0
8 47 (34%) 8.0 7.8 2.3 3.0 54 1.3
9 15 (11%) 88 8.5 25 3.0 5.8 14

SR SR GERED  AIEEE M E R R A KAl EFHRRER X k%

Yellowing  No. of samples Defolia- Cover Declined Total Annual Growth
(Component ratio) tion degree pattern evaluation increment rate
6 16 (12%) 5.6 6.3 1.3 1.2 3.0 0.7
7 38 (28%) 6.8 7.2 2.0 2.1 4.1 1.0
8 68 (49%) 7.7 7.6 2.2 29 5.0 1.2
9 16 (12%) 8.8 8.4 2.6 3.0 5.6 1.3

1) IR 10% LIFZ 10 4, 91~100% % 1 & L
Defoliation needle loss under 10% =10, 91~100%=1.
9) HLEERBELOLVLOE 104, KOFLLODOEIRLLL
Yellowing minimum yellowing=10, maximum yellowing=1.
3) THRELLEGE (B) 1M, FIB(A) 24, FBEL3IFAELL
Declined pattern see through (B)=1, see through (A)=2, non-decline=3.
4) BEAFEIRR1A PPRR2A B23RE L

Total evaluation abnomal=1, semi-abnormal=2, normal=3.

ST 1< N THRA DA SME VRIS NT VD TEEVP EEA SR
2. 27, FBREOHERLEMRN BV T GHEFAOHEE LROBED SN 5, THIIEENIE
PEETRREV GO0, BEOMENLEL L) HSRORASIES W bOEEL LN
o
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&-8(2) WEERHEMIPN O ELE « SEUIZHE & EEBEER (mm/yr)

* BRER (%/yr.) OB%

Table 8(2). Relationship between periodical annual diameter increment and health evaluation

at permanent sample plot

BB RRM EUD  EEREE MRS RE N LOFE WERER K E %

Cover No. of samples Defolia- Yellowing Declined Total Annual Growth

degree  (Component ratio) tion pattern evaluation increment rate

2 1(1%) 5.0 6.0 1.0 1.0 1.2 0.3

4 2(1%) 5.0 6.0 1.5 1.0 3.6 0.8

5 5( 4%) 6.0 6.8 14 18 2.7 0.6

6 0( 7%) 7.0 75 2.3 24 4.4 1.0

7 48 (35%) 7.0 7.4 2.0 24 4.3 1.0

8 52 (38%) 7.6 7.8 2.2 26 4.9 1.1

9 20 (14%) 8.3 8.3 2.2 29 55 1.3
HoR R R Mkl FERE O RMUEE B F LA EFRER R E %
Declined No. of samples Defolia- Yellowing Cover Total Annual Growth

pattern (Component ratio) tion degree evaluation increment rate

1 25 (18%) 6.2 6.8 6.8 1.7 3.3 0.7

77 (56%) 74 7.7 7.6 2.6 4.8 1.1

3 36 (26%) 7.9 8.1 7.6 2.7 5.1 1.2

GaFfl SR GERHD  KIEIEE BMURRE % R R R EERER mE ¥

Total No. of samples Defolia- Yellowing Cover Declined Annual Growth
evaluation (Component ratio) tion degree pattern increment rate
1 14 (10%) 5.6 6.1 6.2 1.3 2.8 0.6
2 44 (32%) 6.7 7.1 7.2 2.0 3.9 0.9
3 80 (58%) 7.9 8.1 7.8 2.3 54 1.3

EERREE SR R EERE MUEE & B HER BAIHME K E %

Annual No. of samples Defolia- Yellowing Cover Declined Total Growth
increment (Component ratio) tion degree pattern evaluation rate
0.5~1.5 6 ( /) 55 6.3 5.7 1.2 1.3 0.3
1.56~25 0( 7%) 6.5 7.1 7.2 1.9 1.7° 0.5
25~35 3 (17%) 7.0 74 7.3 1.8 2.3 " 08
3.6~45 7 (20%) 7.2 7.6 7.3 2.1 24 0.9
4.5~5.5 8 (20%) 74 75 7.4 2.2 25 1.2
5.56~6.5 25 (18%) 8.0 8.0 7.9 2.3 2.9 14
6.5~75 14 (10%) 7.7 7.9 7.9 2.1 2.8 15
7.5~85 4( 3%) 8.3 8.3 7.8 25 3.0 2.1
8.5~9.5 1(1%) 8.0 8.0 9.0 2.0 3.0 24

BEAlc i TAB L, % 650 m DL DS THHEEFADEAHSSE S, 1970 FERT 409,
1980 I3 88% LW > TV 5, BRI ENZN 9%, 11% L{EVEETRLTVE, Ch
BEREERHPH L O DREROEVEEOLELE VD EEL SNE, L L, COHEA&I
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Table 9(1). Statistics of annual increment

FHEIARL (& (All sample trees)

R B

Annual increment 1970's 1980
~2.50 mm/yr. 229 ( 32%) 140 ( 25%)
2.50~4.00 mm/yr. 245 ( 34%) 157 ( 28%)
4.00~5.50 mm/yr. 118 ( 16%) 133 ( 24%)
5.50 mm/yr.~ 126 ( 18%) 125 ( 23%)
B S ¥ (No. of samples) 718 (100%) 555 (100%)
SE 1 (Average) 3.46 3.92
4 & (Variance) 4.21 471
B #® R/ £EG D) 2.05 2.17
x B £ HC 59.24 55.39
S i3 (Skewness) 0.84 0.80
4 & (Kurtosis) 3.78 4.22
Al # It (Variance ratio) 7.33%*
HiZE#RSY (Managed stand)
Ajé e ’ﬁ‘ & & 1970’s 1980’s
nnual increment
~2.50 mm/yr. 99 ( 26%) 9 ( 60/)
2.50~4.00 mm/yr. 139 ( 37%) 9( 3
4.00~5.50 mm/yr. 66 ( 17%) 6 ( 220 )
5,50 mm/yr.~ 74 ( 20%) 9 ( 19%)
= X # (No. of samples) 378 (100%) 303 (100%)
SE ¥ (Average) 3.61 3.76
ey # (Variance) 4.20 4.05
g ® & Z£G6 D 2.05 2,01
Z # £ HC 56.72 53.54
& 5:3 (Skewness) 0.77 0.93
42 E (Kurtosis) 4.02 5.04
v [ e (Variance ratio) 0.45
FEHEZEMRSY (Unmanaged stand)
- F EJZ & & 1970's 1980’s
Annual increment
~2.50 mm/yr. 130 ( 38%) ( 24%)
2.50~4.00 mm/yr. 106 ( 31%) 58 ( 23%)
4.00~5.50 mm/yr. 52 ( 15%) 67 ( 27%)
5.50 mm/yr.~ 52 ( 15%) ( 26%)
Eny *} ¥ (No. of samples) 340 (100%) 252 (100%)
I 3 (Average) 3.30 4.11
il 5'd (Vanance) 4.17 5.44
5 #® R/ EGS 2.04 2.33
z Ei) % ¥ (C. 61.93 56.75
& E (Skewness) 0.94 0.63
&L & (Kurtosis) 3.57 3.54
s ] k. (Variance ratio) 10.07%*
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Table 9(2).
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HERR BT 28R (2)

Statistics of annual increment

JAZEHKS 24k (Typhoon damaged stand)

HEREE

Annual increment 1970 1980
~2.50 mm/yr. 99 ( 34%) 37 ( 29%)
2.50~4.00 mm/yr. ( 33%) 34 ( 27%)
4.00~5.50 mm/yr. ( 19%) 35 ( 27%)
5.50mm/yr.~ 8 ( 13%) 22 ( 17%)
= ¥t ¥ (No. of samples) 287 (100%) 128 (100%)
S 1 (Average) 3.23 3.56
5 7 (Varlance) 3.17 4.19
7 #® R/ =S 1.78 2.05
£ # H #HC V) 55.17 57.45
ES & (Skewness) 0.54 0.46
4 & (Kurtosis) 3.19 3.04
2y 4 e (Variance ratio) 141
EEHS K% (Typhoon damaged stand, magaged)
i b& & & 1970’s 1980’s
Annual increment
~2.50 mm/y. 6 ( 25 %) 25 ( 27%)
2.50~4.00 mm/yr. 2( 34 ) 26 ( 28%)
4.00~5.50 mm/yr. 2( 23 24 ( 26%)
5.50 mm/yr.~ 2 ( 18/) 7( 18%)
= %} ¥ (No.of samples) 182 (100%) 92 (100%)
DA ¥g (Average) 3.59 3.72
55 4 (Varlance) 345 4.05
ZE % R/ ES 1.86 2.01
E B £ HC 51.82 54.16
& i:3 (Skewness) 0.34 0.55
&L ¥ (Kurtosis) 3.06 3.14
&5 # H. (Variance ratio) 0.14
BEMS  FEHEZE (Typhoon damaged stand, unmanaged)
& o bj?. k& 1970’s 1980’s
Annual increment
~2.50 mm/yr. 53 ( 50%) 12 ( 33%)
2.50~4.00 mm/yr. 33 ( 31%) 8( 22%)
4.00~5.50 mm/y. 13( 12%) 11 ( 31%)
5.50 mm/yr.~ 6( 6%) 5( 14%)
=, ¥l ¥ (No. of samples) 105 (100%) 36 (100%)
S ¥ (Average) 261 3.17
s # (Vgriance) 2.08 4.33
E #® ({E £@6.D) 1.44 2.08
£ #H £ HKCV) 55.28 65.63
ES B (Skewness) 0.72 0.31
42 & (Kurtosis) 345 2.67
s # H. (Variance ratio) 1.56
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Table 9 (3).

MR BT 2 HEEHR (3)

Statistics of annual increment

JEEEMST 42{& (Non typhoon-damaged stand)

25

#E KK &

Annual increment 1970 1980
~2.50 mm/yr. 130 ( 30%) 103 ( 24%)
2.50~4.00 mm/yr. 150 ( 35%) 123 ( 29%)
4.00~5.50 mm/yr. 63 ( 15%) 98 ( 23%)
5.50 mm/yr.~ 88 ( 20%) 103 ( 24%)
Eny ¥} % (No. of samples) 431 (100%) 427 (100%)
S 13 (Average) 3.62 4.03
s #% (Variance) 484 4.82
®E O #® R EG D) 2.20 2.20
£ # $H  HC 60.78 54.54
ES i:4 (Skewness) 0.88 0.87
4 & (Kurtosis) 3.62 4.40
4y 5 H. (Variance ratio) 3.65%
FEREMS HiZ (Non typhoon-damaged stand, managed)
i lﬂi & & 1970's 1980’s
Annual increment
~2.50 mm/yr. 53 ( 27%) 54 ( 269%)
2.50~4.00 mm/yr. 77 ( 39%) 73 ( 35%)
4,00~5.50 mm/yr. 24 ( 12%) 42 ( 20%)
5.50 mm/yr.~ 42 ( 21%) 42 ( 20%)
B ¥l ¥ (No. of samples) 196 (100%) 211 (100%)
S ¥ (Average) 3.64 3.78
4y B (Varlance) 4.89 4.05
B O#® R/ ES 221 2,01
z= &) % ¥ (C. 60.80 53.27
S E (Skewness) 0.99 1.09
42 & (Kurtosis) 4.27 5.84
5 # k. (Variance ratio) 0.23
FEREMS JEHEZE (Non typhoon-damaged stand, unmanaged)
& F EJi & & 1970’s 1980's
Annual increment
~2.50 mm/yr. 77 ( 33%) 9 ( 23%)
2.50~4.00 mm/yr. ( 31%) 50 ( 23%)
4.00~5.50 mm/yr. ( 17%) 56 ( 26%)
5.50 mm/yr.~ 6 ( 20%) 1( 28%)
B ¥ ¥ (No. of samples) 235 (100%) 216 (100%)
S ¥4 (Average) 3.61 4.27
5 # Variance) 4.80 545
B O® Rm EG6 2.19 2.34
z Ei) % ¥ (C. V) 60.76 54.74
* E (Skewness) 0.78 0.67
4N & (Kurtosis) 3.05 3.55
v e k. (Variance ratio) 4.77%*
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Table 9(4). Statistics of annual increment
EE650m Ll E 244 (Above 650 m in altitude)

by =N
2 F R & 1970’s 1980s

Annual increment

~2.50 mm/yr. 60 ( 40%) 9 ( 38%)
2.50~4.00 mm/yr. 4 ( 36%) 33( 32%)
4.00~5.50 mm/yr. 21 ( 14%) 9( 19%)
5.50 mm/yr.~ 14( 9%) 1(11%)
= ¥l ¥4 (No. of samples) 149 (100%) 102 (100%)
D g (Average) 2.92 3.02
9 #1 (Variance) 2.52 3.58
L # =] #(S.D) 1.59 1.89
Z & £ HCV) 54.48 62.64
ES B (Skewness) 0.68 0.92
42 B (Kurtosis) 3.32 4.31
s e M. (Variance ratio) 0.11

EE 650m LN £{& (Under 650 m in altitude)
o A EE & & 1970’s 1980’s
Annual increment

~2.50 mm/yr. 169 ( 30%) 101 ( 22%)
2.50~4.00 mm/yr. 191 ( 34%) 124 ( 27%)
4.00~5.50 mm/yr. 7(17%) 114 ( 25%)
5.50mm/yr.~ ) 112 ( 20%) 114 ( 25%)
En ¥l ¥ (No. of samples) 569 (100%) 453 (100%)
3E ¥ (Average) 3.61 4.12
5y 54 (Vanance) 455 4.75
B O® R EGS 2.13 2.18
Z & K #HC 59.16 52.86
+ i3 (Skewness) 0.79 0.78
&R B (Kurtosis) 3.59 425
s 1 I (Variance ratio) 7.18%*

EE650m LT JEEE JEMEZ (Under 650 m, non-typhoon-damaged, unmanaged)

& Ak & & 1970's 1980’
Annual increment

~2.50 mm/yr. 47 ( 28%) 22 ( 14%)
2.50~4.00 mm/yr. 51 ( 31%) 33 ( 21%)
4.00~5.50 mm/yr. 30 ( 18%) 49 ( 31%)
5.50 mm/yr.~ 38 ( 23%) 55 ( 35%)
EN *l ¥ (No. of samples) 166 (100%) 159 (100%)
SE ¥ (Average) 3.88 478
2 4 (Vanance) 5.29 493
= #e ] % (S 2.30 2.22
z= & % ¥ (C. 59.23 46.48
& 54 (Skewness) 0.68 0.63
&% B (Kurtosis) 2.77 ’ 385
i # H. (Variance ratio) 6.31%*
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Table 9(5). Statistics of annual increment
EZ 650 m LT BE JEHE% (Under 650 m, typhoon-damaged, unmanaged)

27

& F ﬁjz k& 1970’s 1980’s
Annual increment
~2.50 mm/yr. 29 ( 67%) ( 47%)
2.50~4.00 mm/yr. 10 ( 23%) ( 27%)
4.00~5.50 mm/yr. 3( 7%) 3( 20%)
5.50 mm/yr.~ 1( 2%) 1( 7%)
i * ¥ (No. of samples) 43 (100%) 15 (100%)
3 ¥ (Average) 2.17 252
4y #1 (Variance) 1.55 4.60
B #® F  #%@6D) 1.25 2.14
Z B F  HCV) 57.35 85.15
+* B (Skewness) 0.84 1.45
42 & (Kurtosis) 3.58 5.13
s 54 k. (Variance ratio) 0.27
EE650m LI F FEEE H¥ (Under 650 m, non-typhoon-damaged, managed)
& kK ' 1970’s 1980’s
Annual increment
~2.50 mm/yr. 7( 26%) 7 ( 25%)
2.50~4.00 mm/yr. 8 ( 38%) 61 ( 33%)
4.00~5.50 mm/yr. 2( 12%) 38 ( 20%)
5.50 mm/yr.~ 1( 23%) 41 ( 22%)
= ¥ ¥ (No. of samples) 178 (100%) 187 (100%)
SE 15 (Average) 3.72 3.89
2 # (Variance) 5.14 4.24
B # {F £6D) 2.27 2.06
= &) % ¥ (C.V) 60.96 52.89
B & (Skewness) 0.94 1.06
2h & (Kurtosis) 4.05 5.68
) 54 H (Variance ratio) 0.29
EE650m LT JEE ¥ (Under 650 m, typhoon-damaged, managed)
& o ﬁjZ & ® 1970’s 1980’s
Annual increment
~2.50 mm/yr. ( 25%) 25 ( 27%)
2.50~4.00 mm/yr. 62 ( 34%) 26 ( 28%)
4.00~5.50 mm/yr. ( 23%) 7( 26%)
5.50 mm/yr.~ ( 18%) 7( 18%)
= ¥l % (No. of samples) 182 (100%) 92 (100%)
S ¥ (Average) 3.59 3.72
4y # (Variance) 3.45 4.05
= #  f{  Z(@SD) 1.86 2.01
z= & % ¥(C.V) 51.82 54.16
&= & (Skewness) 0.34 0.565
42 & (Kurtosis) 3.06 3.14
s Ed M (Variance ratio) 0.14

* 595 JKHETHE Significant at 5% level.
** 195 Jk#ETHE Significant at 1% level.
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Table 10. Survival rate and growth recovery rate of declined trees

1970's  1980's o ek REREER

555* ﬁﬁ* Survival Growth Growth
Declined Survived
rate recovered tree recovery rate
tree tree
FRIA LA 229 94 41.05% 32 34.04%
All sample trees
HEZEMR ST 99 32 32.32% 9 28.13%
Managed stand
FEMEZERRST 130 62 47.69% 23 37.10%
Unmanaged stand
R ERSY 99 33 33.33% 16 48.48%
Typhoon-damaged stand
HEZEMST 46 9 19.57% 2 22.22%
Managed stand
MBS 53 24 45.28% 14 58.33%
Unmanaged stand
R ERS 130 61 46.92% 16 26.23%
Non-typhoon-damaged stand
HEENK ST 53 23 43.40% 7 30.43%
Managed stand
MBS 77 38 49.35% 9 23.68%
Unmanaged stand
= 650m Ll 60 47 78.33% 19 40.43%
Above 650 m in altitude
5 650m LT 169 47 27.81% 13 27.66%
Under 650 m in altitude
ERE FEMEE 47 13 27.66% 7 53.85%
Non-typhoon-damaged, unmanaged
mE FEM% ' 29 8 27.59% 1 12.50%
Typhoon-damaged, unmanaged
FEEE M 47 17 36.17% 3 17.65%
Non-typhoon-damaged, managed
BE ¥ 46 9 19.57% 2 22.22%

Typhoon-damaged, managed

FIFRHELTEY, BRI TVWAEREED SRV, Zhx LT, S 650 m LIT o5
T3, FHADESED 8% Wb L, EAFHE 051 mm/yr. FRT 510E, REOHEARHSED
b3, ChERESLVOHEOERICL > THITHRTHZE, PRIV INETOFERLE
BICEESZ T TV WIEREEMS TEATSEA 090 mm/yr. ERLTHD, REHASEK
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Summary

Abnormal defoliation of Saghalien Fir (Abies sachalinensis) tops was observed in the
Tokyo University forest in Hokkaido and so continuous observations were commenced.
Sample trees which had poor needles showed a tendency to set many male flowers and were
colonized heavily by lichens etc. Investigation of felled sample trees showed that “nomal”
trees set fewer male flowers and cones than “abnormal” trees. However, whorl branches less
than ten years old at the top of “abnormal” trees were healthy. Normal trees set no male
flowers even on fifteen year old whorl branches, while “abnormal” trees set cones and male
flowers on this part of the crown. Accordingly, in “abnormal” trees the number of needles
decreased and dieback increased. These trees also had poor height growth and develop-
ment of branches.

Stem analysis of sample trees showed that “abnormal” trees as judged from external
appearance grew less than half as much as “normal” trees during the last ten years.
Evaluation of sample trees in the experimental plots suggested that the periodic annual
increment of d.b.h. was correlated with health indicators. Based on this information, the
authors estimated the health condition of the entire University forest during the 1970’s and
1980’s. In managed stands the health condition was stable, but in unmanaged stands
residual trees grew more than in managed stands due to the removal of trees weakened by
typhoon damage in 1981.

From the above results; i.e. the correlation of growth with health indicators and
stand growth rates, no increase in the ratio of “abnomal” trees due to any influence of acid
rain or acid mist in the University forest could be detected.

Key word: Natural forest management, Abies sachalinensis, Health evaluation, Defolia-
tion, Periodic annual increment



