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Self-thinning of natural broadleaved forests in Baishilazi Nature Reserve

ZHOU Yongbin“ , YIN You, YIN Mingfang, ZHANG Fei
College of Forestry, Shenyang Agricultural University, Shenyang 110161, China

Abstract; Self-thinning is a hot issue in ecological theoretical research and has important practical significance in terms of
guiding forestry production. Adoption of dynamic data on the number of trees in a stand and the size of the stand in
investigating self-thinning is the key to establishing stand density theory. Taking data from 14 investigations on 14 natural
broad-leaved stands in Baishilazi Nature Reserve in Northeast China over the past 30 years, this paper provides evidence for
establishing a theory of stand density control. This paper analyzes the variation range for parameter 8 within the empirical
equation N=kD™® described by Reineke, where N is the stand density and D is the average diameter at breast height
(DBH) , and explains factors that may make 8 constant. Results show that with a reduction in stand density, the DBH of a
stand increases year by year. Moreover, among the 14 natural broad-leaved communities studied, the power functions of the
DBH and stand density both become significant; the exponent 8 for the No. 17, 33, 35, 38, 49, 50, 61, 67, and 68
natural broadleaved communities is about 1.5, and the variation in 8 for the No. 1, 9, 22, 23| and 56 natural broadleaved
communities is 0.44—1.80. Through further analysis of the fluctuation in 8 for the five latter stands, it is clear that No. 1,
9, and 56 stands are disturbed by obvious human activities. The number of dead plants in stand No. 22 was 387.5 per
hectare in the 15 years from 1993 to 2008 but only 200 in the 12 years from 1979 to 1991, an increase of a factor of 1.94.
Therefore, this paper chooses data from 1993 to 2008 for simulation, for which 8 is 1.57. The average DBH of stand No.
23 increased only 1.95 ¢m in the 13 years from 1993 to 2008 but 3.72 cm in the 16 years from 1979 to 1993. Thus, this
paper adopts data for the 16 years from 1979 to 1993 for simulation, for which 8 is 1.59. In the self-thinning process, the
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distribution of tree mortality can be fitted to a unimodal function with a peak skewed to smaller trees, resulting in low
mortality for trees with large diameter and high mortality for suppressed trees with small and medium diameters. Meanwhile,
a negative feedback relationship forms between the upper- and lower-layer trees. Overall, our results indicate that self-
thinning in natural broadleaved forests is a continuous process that is in accordance with a —3/2 power law. The power
index B found in this study is constant—with a value of —3/2—and correlates with human disturbance rather than the forest
site, species composition, and other factors. Self-thinning in natural forests is the consequence of the negative feedback
relationship noted above and is controlled primarily by light intensity. Self-thinning in natural broad-leaved forests is in line
with the =3/2 power law, which shows that forest ecosystems of the nature reserve are strongly self-regulating and have a
certain stability. Therefore, the avoidance of human disturbance whenever possible, and the maintaining and ensuring of the

stability and sustainability of forest ecosystems are necessary in forest ecosystem management.

Key Words: natural broad-leaved community; —3/2 power law of self-thinning; density control; negative feedback
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HH 28 1 AT DL, AR i B L B8 AR B e 3 18, L S Bk ( Quercus mongolica) (54 ( Tilia amurensis )
TRk (Acer pseudo-sieboldianum) KM (Acer mono) FEBME( Betula schmidiii) J& 25 1A= /b A R A 46 1HH
W ( Fraxinus rhynchophylla) (111#5 ( Populus davidiana) W41 ( Ulmus laciniata) AEWK ( Sorbus pohuashanensis) .
AEHE Bk (Acer ukurunduense ) . T 4 il ( Carpinus cordata ) | %% 55 T FF ( Syringa amurensis ) . YA ¥ ( Maackia
amurensis ) MWK ( Juglans mandshurica) ¥ % ( Phellodendron amurense) \BEM 925 ( Prunus maackii ) T 6
¥ ( Cornus controversa) \IIFERE ( Prunus verecunda) 1K ( Pinus koraiensis) 5% 12 ( Abies nephrolepis)  faf 42
( Picea jazoensis) ,3t 21 Fjr,

*1 BREUFEARPERIXAWITEBERER
Table 1  Basic information of natural broad-leaved community sample plot in the Baishilazi Natural Reserve

g FrifE 5 IR Wi R

3
df

No. No. of sample-plot Altitude/m Slope direction Percent of optimal tree species g%
1 1 377 WN Z R Qrercus mongolica 29
2 9 780 WN B i Acer pseudo-sieboldianum 29
3 17 866 W 8 Tilia amurensis 27
4 22 700 WN Bt Acer pseudo-sieboldianum 23
5 23 860 w CABE Acer mono 0.29
6 33 990 WN TREHR Acer pseudo—-sieboldianum 24
7 35 978 E Bt Acer pseudo—sieboldianum 28
8 38 750 WN TEREM Acer ukurunduense 17
9 49 800 ES T-&Hi Carpinus cordata 22
10 50 1068 E AW Acer mono 26
11 56 630 WN FRIHE Betula schmidiii 29
12 61 800 E AR Acer mono 27
13 67 940 S KRB Acer mono 28
14 68 700 WN 4B Tilia amurensis 26

1.3 ¥t
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Fig. 1 Trend and correlativity of stand density and average DBH for No. 17 sample plot
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Fig. 2 Trend and correlativity of stand density and average DBH for No. 33 sample plot
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Fig. 3 Trend and correlativity of stand density and average DBH for No. 35 sample plot
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Fig. 4 Trend and correlativity of stand density and average DBH for No. 38 sample plot
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Fig. 5 Trend and correlativity of stand density and average DBH for No. 49 sample plot
F2 MOBE . FHREEUREXXER
Table 2  Change and correlativity of stand density and average DBH
e - AR A R AEIBET RS EVEpyE P
bRt 5 : Number of annual dead . Lati
No. of sample-plot Annual increment of average Number of annual dead trees Regression Correlation
' sampie DBH/ (cm/a) /( ¥k/hm2 a™! ) equation coefficients
17 0.14 20.69 N = 9393315167 R*>=0.8845 **
33 0.18 15.95 N = 61225D7-4608 R*=0.9322**
35 0.14 25.43 N = 80314D"302 R*=0.9115**
38 0.19 26.29 N = 59177D7"-3472 R*=0.9502 **
49 0.15 11.21 N = 50720D7"-3182 R*=0.7640 **
50 0.13 7.67 N = 46901 D!-3418 R*=0.9335"**
61 0.20 21.12 N = 5894713007 R*=0.9777**
67 0.21 26.29 N = 76561 D134 R*=0.9921 **
68 0.15 17.24 N = 63856D7" 308! R*=0.9768 **
1 0.17 6.47 N = 10096D~" 87 R*=0.9179 **
9 0.23 6.47 N = 3141.3D70-#05 R*>=0.8977 **
22 0.23 21.56 N = 14549091 R*=0.9357 **
23 0.20 14.22 N = 133178 D" 806 R*=0.9863 **
56 0.29 6.03 N = 7331.8D7% 9088 R?=0.9590 **
% % P<0.01

22 SMRAMEBIIET MREUR £, 45 A 1K 12a A UL, 7E 1993—2008 4E 1Y 15 a [8], ) 4523 Wi 2336 T 387.
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Fig. 6 Trend and correlativity of stand density and average DBH for No. 50 sample plot
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Fig. 7 Trend and correlativity of stand density and average DBH for No. 61 sample plot
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Fig. 8 Trend and correlativity of stand density and average DBH for No. 67 sample plot
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Fig.10 Trend and correlativity of stand density and average DBH for No. 1 sample plot
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Fig.11 Trend and correlativity of stand density and average DBH for No. 9 sample plot
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