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Growth patterns of Betula ermanii in a self-thinning stand

Koichi Takahashi'?, Toshihiko Hara?®

We analyzed the tree-ring widths of 74 trees of Betula ermanii in a self-thinning stand. The frequency
distribution of tree age was a bell-shaped pattern with a peak at 25-years old. For most trees, the tree-ring width
tended to decrease annually, and this trend was more conspicuous for younger trees.

most recent five years tended to be greater for larger trees.

precipitation) during the growing season hardly affected the tree-ring widths of most trees.

The tree-ring width in the
Climatic factors (monthly mean temperature and
These results
showed that the growth rate was faster for the trees that recruited earlier because of strong competition among
trees in this self-thinning stand, and that climatic factors hardly affected tree growth.
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Fig. 1 : Location of the sampling site in Uryu Experimental Forest, Hokkaido University.
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Fig. 3 : Frequency distribution of tree age at 40 cm above
the ground for 74 trees of Betula ermanii.

Growth period

140 ' ' -20
120 ; -15
= 3
£ 100 -10 &
E 3
.5 210 I (TTTITTTTTT T TTT IO PRRIr AUPPTN ;
g 3
= 60 &
o o)
[0) Q
& 40 5 £
'_

20+ -10

0 . -15

I
10 11 12
Month

2.7 T EITo GO AR £ AT OKREERTIC B B Rk (1977 20 5 1998 D) . o 7Y v o7
{75 B ORE, —BNLKERZE (—0.6°C/+100m) 2HW\»T, ZFOKED SHEE L. YRR H Y
[R5 CLALOHIEITH 25 Ao 9HETE L.

Fig.2 . Monthly mean air-temperature at the sampling site and monthly sum of precipitation at Nayoro Meteorological
Station during 1977 to 1998. Air-temperature at the sampling site was estimated from that at Nayoro Meteorological
Station using the standard lapse rate (—0.6°C/+100 m). Growth period for plants is defined as May to September with
monthly mean temperature>5°C.
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Fig. 4 . (a) Relationships between trunk diameter at 40 cm above the ground and tree age and (b) between trunk diameter at

breast height and trunk diameter at 40 cm above the ground for Betula ermanii.

Regression equations are (a) Y =0.051.X*°

(adjusted R*=0.365, F,,,=41.4, P <0.001, »=74), and (b) ¥ =0.832X +0.275 (adjusted R*=0.961, F,;,=1784, P <0.001, n=

74).
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Fig. 5 . Trajectories of radial growth (a, b, ¢, d) and tree-ring width chronologies (e, f, g, h) of Betula ermanii.

Tree age

classes are (a, e) under 22 year-old, (b, f) 23 and 24 year-old, (c, g) 25 year-old and (d, h) over 26 year-old.
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K1V 7 SNAMEOH L 40 cm TORER (D,,) &M, FiilE & F (W) OBROERERRNDRLTHS.
EURROBHEEEH LR CTH 2. HERBKICIGC T, 477 ACH0THs ;277 A1 QEMUTF), 77A2 (23FL
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Table 1 : Trunk diameter (D,,) and tree age at 40 cm above the ground for sampled trees. Results of the linear regression
for the relationship between tree-ring width (RW) and year (A.D.) are shown. The number of samples of regression analysis
is same as tree age for each tree. Trees are classified into four age classes; class 1 (under 22 year-old), class 2 (23 and 24
year-old), class 3 (25 year-old) and class 4 (over 26 year-old).

Age Tree Dy, Tree age RW = @ year + b
class 1D (cm) (years) a b R P
1 6 4.7 19 —0.075 151.1 0.636 0.003
1 7 6.7 21 —0.045 90.8 0.491 0.024
1 8 10.8 21 0.076 —148.3 0.513 0.017
1 11 3.3 14 —0.083 166.1 0.621 0.018
1 15 5.7 18 —0.103 207.4 0.784 <0.001
1 17 8.5 22 —0.033 66.4 0.256 0.250
1 20 6.0 22 —0.124 248 .0 0.864 <0.001
1 22 4.7 19 —0.154 306.9 0.876 <0.001
1 31 6.2 22 —0.126 251.9 0.913 <0.001
1 37 6.7 22 —0.104 207.7 0.674 0.001
1 39 5.0 18 —0.119 238.1 0.845 <0.001
1 47 6.2 22 —0.089 177.3 0.616 0.002
1 48 4.6 21 —0.060 119.5 0.372 0.096
1 51 5.6 17 —0.155 309.3 0.723 0.001
1 52 8.4 22 —0.047 96.0 0.431 0.045
1 59 14.3 22 —0.021 45.2 0.185 0.410
1 65 4.4 19 —0.100 199.2 0.810 <0.001
1 75 4.9 21 —0.078 156.4 0.664 <0.001
2 1 11.4 23 —0.010 22.5 0.101 0.646
2 2 5.6 24 —0.057 113.8 0.715 <0.001
2 12 7.6 24 —0.048 96.6 0.535 0.007
2 14 8.5 23 —0.057 116.1 0.443 0.034
2 19 6.8 23 —0.085 171.2 0.675 <0.001
2 23 10.5 24 —0.051 102.7 0.452 0.027
2 24 6.0 24 —0.053 106.9 0.567 0.004
2 25 7.8 24 —0.124 247.8 0.730 <0.001
2 26 9.7 23 —0.060 120.5 0.416 0.048
2 32 6.9 24 —0.043 86.5 0.372 0.073
2 33 10.0 23 —0.009 19.9 0.068 0.757
2 38 5.1 23 —0.091 181.7 0.867 <0.001
2 42 9.3 23 —0.037 76.0 0.383 0.071
2 43 6.0 23 —0.106 211.5 0.602 0.002
2 54 10.6 23 —0.040 82.0 0.420 0.046
2 55 10.4 24 —0.097 194.2 0.725 <0.001
2 57 5.1 24 —0.057 113.8 0.644 0.001
2 61 8.0 24 —0.056 113.1 0.498 0.013
2 63 5.4 23 —0.060 119.3 0.541 0.008
2 64 7.6 24 —0.029 59.0 0.207 0.332
2 74 6.8 24 —0.084 167.8 0.747 <0.001
3 3 9.0 25 —0.004 10.1 0.074 0.726
3 4 6.6 25 0.005 —8.4 0.061 0.771
3 5 12.0 25 0.011 —19.4 0.123 0.560
3 9 13.7 25 —0.021 45.6 0.134 0.524
3 10 9.6 25 —0.025 51.9 0.284 0.169
3 13 10.2 25 —0.034 69.8 0.295 0.152
3 16 8.2 25 —0.133 265.1 0.677 <0.001
3 30 6.1 25 —0.072 145.0 0.712 <0.001
3 34 6.4 25 —0.079 157.2 0.677 <0.001
3 35 7.3 25 —0.024 49.8 0.242 0.244
3 40 11.4 25 —0.048 97.9 0.341 0.096
3 41 6.2 25 —0.063 126.0 0.596 0.002
3 44 11.7 25 —0.064 128.9 0.548 0.005
3 53 8.5 25 —0.063 126.7 0.467 0.019
3 56 7.6 25 —0.017 36.2 0.190 0.364
3 58 8.6 25 —0.047 95.1 0.537 0.006
3 62 9.3 25 —0.036 73.9 0.298 0.148
3 67 6.9 25 —0.087 174 .4 0.569 0.003
3 68 8.2 25 —0.063 126.9 0.455 0.022
3 69 14.1 25 —0.033 68.9 0.326 0.112
3 70 7.6 25 —0.052 104.2 0.384 0.058
4 18 7.1 26 —0.046 92.2 0.461 0.018
4 21 12.4 26 0.009 —14.5 0.067 0.745
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4 27 10.0 26 —0.075 151.5 0.548 0.004
4 29 12.0 27 —0.033 63.1 0.272 0.169
4 36 7.6 26 —0.098 195.7 0.669 <0.001
4 45 7.2 27 0.006 —10.9 0.070 0.727
4 46 8.3 26 —0.044 89.0 0.411 0.037
4 49 11.7 26 —0.024 49.8 0.172 0.402
4 50 6.7 26 —0.053 106.8 0.442 0.024
4 60 8.9 26 —0.084 167.7 0.651 <0.001
4 66 9.7 27 —0.061 122.8 0.420 0.029
4 71 8.3 27 —0.040 80.8 0.382 0.049
4 72 11.9 28 —0.021 43.0 0.170 0.387
4 73 11.5 27 —0.017 36.1 0.154 0.444
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Fig. 6 . Relationships of mean tree-ring width in recent 5 years with (a) trunk diameter at 40 cm above the ground and with
(b) tree age at 40 cm above the ground for Betula ermanii. Regression equations are (a) Y =0.210X —0.691 (adjusted R*=
0.692, Fy,,=164.8, P<0.001, n=74), and (b) Y =0.00081.X**° (adjusted R*=0.131, F1,,=10.9, P <0.01, n="74).
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Fig. 7 : Tree-ring width indices of Betula ermanii for four tree age classes; class 1 (under 22 year-old, @), class 2 (23 and 24
year-old, X), class 3 (25 year-old, O) and class 4 (over 26 year-old, [ ).
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K2 EHR 2 7 A OFIRIETEE & [RER (HPHRE, Boks) & oMOMEBERE. MEiEiics T, 4277 2a0
ThHs,77A1 QFLT), 7722 Q3FEEL24FE), 77A3 254F), 2L T77A4 Q264FELUL).

Table 2 - Correlation coefficients between monthly climatic factors (temperature and precipitation) and tree-ring width index
for each age class. Trees are classified into four age classes; class 1 (under 22 year-old), class 2 (23 and 24 year-old), class

3 (25 year-old) and class 4 (over 26 year-old).

Age Temperature Precipitation

class May June July Aug Sept May June July Aug Sept
1 0.02 —0.08 —0.14 —0.04 0.17 —0.05 0.03 —0.07 0.16 0.04
2 0.00 0.28 0.11 0.25 0.07 —0.08 0.10 —0.31 —0.21 —0.20
3 0.07 0.08 0.26 0.417F 0.14 0.05 —0.14 —0.19 —0.27 —0.11
4 0.25 0.10 0.32 0.27 0.29 0.06 —0.33 —0.09 —0.09 —0.18

mean 0.13 0.15 0.24 0.35 0.23 0.00 —0.14 —0.23 —0.18 —0.18

t : Marginally significant (P =0.06)
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FZATUIz LD Ry =Lz, 1980 FRIT R E
ML THB Y, —7F, 1990 FRIIEEIEAD L T
EMB RSN (K7). lHz Ol 7 A & ek
7 7 A DFEOEFIRERCH LT, HES5A»59A
¥ TOHYYRIE L BKRE BT 2 TR C
5, BEHEZE - Rohkhrolz. Miisr 7 X
37008 HOHEHRIR L BWEESHEBEN R s e
(F2, P=0.06).

5. BER

Z OWFFRTH T 7 A > oSO 25 0 b %
, WI0EDOHICIEE A EDEEBEEFR T W, Z
DFEMTIE, ED XS RIFERTY 7 ¥ /SR L
oD, ZOHEIZOWTIRSL S EWAS, s D
GLSAETC D5 S5 . Takaoka (1993) 13tk
DRIEWFAMC BT B INKFRICEILL 1257 5 XD
BT & A EBRELINICE EFN TV Z E2REL T
Wh. LTedioT, ¥ h o idEgo b s —Ec
Eh LU THHMAT 207255 .
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/IS AR L, REB R A X OfEEZES
REL > TWL DIEAS . Figa 7 BEILL 72 1998
I, ZOFEM TS 7 A EROEERIZ 1
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A 4 XicgEf LT/ (Takahashi et al., 2003c) .
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ThdH LB L CTWw3. Takahashi et al.
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WRAfR R &, NS AR K E REE» TR BES R
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