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Abstract: [Objective] In this paper, taking the coniferous and broadleaved mixed forest at different
development stages in Jiaohe, Jilin Province of northeastern China as research object, the interannual
variation of kernel density estimation curve of seedling density was compared and analyzed. The relative
effects of marginal changes of soil factors and distribution changes of soil factors on the dynamics of
seedling density distribution were discussed. [Method] Seedling investigation sample plots were

systematically arranged in 420 m x 520 m half-matured forest (HF) sample plots and 500 m x 840 m mature
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forest (MF) sample plots. Quantile regression and counterfactual decomposition were used to test the
marginal effects of environmental factors on seedling density at different quantile levels, and then to identify
the leading factors resulting in the unequal change of seedling density. [Result] The kernel density
estimation curve of seedling density showed a positive skewed distribution with peak value shifting to the
left and long tail extending to the right. At the high quantile of 8 = 0.90, the change value of seedling density
was —5.9 in HF sample plots and —2.6 in MF sample plots. The change value of seedling density in HF
sample plot was 5.8 when 6 = 0.75, and that in MF sample plot was 2 when 6 = 0.50 and 6 = 0.75. The
greater change of seedling density at high quantile reflects the inequality of probability distribution of the
right single tail. The relative effects of coefficient effect and covariant effect on seedling density distribution
were different in varied estimated quantiles. The coefficient effect in HF sample plots had a high explanation
on all estimated quantiles; in MF sample plots, the covariant effect had 89% explanation for the change of
seedling density at § = 0.50 quantile. In other estimated quantiles, the explanation of coefficient effect was
higher. Therefore, the relative effect of distribution of soil factors on the distribution of seedling density was
greater, and the marginal change of soil factors was the main factor leading to unequal change of seedling
density. Most of the changes in the distribution of available nitrogen, available phosphorus and available
potassium in soil explained less than 30% of the changes in seedling density at each estimated quantile,
while soil water content and soil pH had a relatively greater effect on the change of seedling density.
[Conclusion] The interannual variation of seedling density is unequal in different quantiles, especially in
the high quantile. The marginal change of soil factors and the distribution of soil factors determine the
survival dynamics of seedlings.

Key words: seedling regeneration; kernel density distribution; quantile regression; counterfactual analysis
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Tab. 1 Quantitative composition of seedling species in half-matured forest (HF)
R N 2012—20134F 2012—20134F  2012—20134F 20124 .
20124FF 20134 . e 20134
it OIZEEHRL  0EME g g S P L o
. Seedling number Seedling number X . . . HEE
Tree species in2012 in 2013 Recruitment number Dead seedling number Mortality rate in Importance value IV in 2013
in 20122013 in2012-2013 2012-2013/% (IV)in 2012
I
7k%ﬁl . 677 311 218 584 86.3 52.96 31.00
Fraxinus mandschurica
i
Abies holophylla 311 45 10 276 88.7 17.87 4.72
?*T)ﬁi 118 446 409 81 68.6 13.78 38.22
cer mono
Ellq:’ﬂﬂc . 55 369 353 39 70.9 7.87 3343
Acer mandshuricum
Bt . 46 7 7 46 100.0 5.26 1.02
Juglans mandshurica
AR
o 28 5 5 28 100.0 2.19 0.57
Pinus koraiensis
i
Ulmus davidiana var. 27 32 9 4 14.8 2.28 3.60
Jjaponica
BEM . 23 10 10 23 100.0 1.75 1.13
Acer barbinerve
HW
23 36 22 9 39.1 1.24 1.60
Populus cathayana
Jia=y
ﬁﬁx . 10 39 39 10 100.0 1.01 3.61
Tilia amurensis
ZAi-Hay
Ulmus laciniata 4 2 0 2 30.0 0.53 0.33
BB
Phellodendron 3 0 0 3 100.0 0.37 0.00
amurense
==k
H H 3 23 23 3 100.0 0.37 2.51
Acer tegmentosum
ks 1 0 0 1 100.0 0.16 0.00
Padus racemosa
L
Populus davidiana 1 0 0 1 100.0 0.16 0.00
Rhamnus davurica 1 0 0 1 100.0 0.16 0.00
AR
Tilia mandshurica 0 1 1 0 0.0 0.00 0.16
Ik
Tl 0 5 5 0 0.0 0.00 0.82

Carpinus cordata

11 Total 1331 1331 1111

1111 83.5
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Tab. 2 Quantitative composition of seedling species in mature forest (MF)
_ . _ e
20124 i 4L 20134 %L 2012 2933£E 2012 fflﬁ 012720135 010t 20134
R Fol . ; B FET WL e — o
. Seedling number Seedling number . . . . A HEE
Tree species i 2012 in 2013 Recruitment number Dead seedling number Mortality rate in IVin2012 1V in 2013
n m in 2012-2013 in 2012-2013 2012-2013/% ™ m
7'KH£M . 1403 537 219 1085 773 40.39 24.32
Fraxinus mandschurica
A
Abies holophylla 1391 41 3 1353 97.3 29.25 2.11
?*m 538 1481 1402 459 85.3 22.40 50.23
cer mono
F A . 143 750 724 117 81.8 8.42 30.06
Acer mandshuricum
p L
*ﬁﬁﬁx . 118 104 104 118 100.0 5.38 5.23
Tilia mandshurica
VAR /S
'l.& L 89 30 27 86 96.6 4.38 1.54
Pinus koraiensis
%%Té . 264 0 0 264 100.0 3.96 0.00
Syringa reticulata
gL
i%ffx . 80 435 420 65 81.3 3.80 14.94
Tilia amurensis
= gt
mEW 131 45 30 116 88.5 3.73 2.8
Acer barbinerve
LAy
Ed [}
Ulmus laciniata 29 2 0 27 93.1 1.71 0.15
HABkK
Juglans mandshurica 27 8 3 24 88.9 1.69 0.59
iﬁ*ﬁ ) 26 87 84 23 88.5 1.56 5.12
arpinus cordata
F M
Ulmus davidiana var. 24 47 27 4 16.7 1.36 2.78
Japonica
== b b
j‘*ﬂw‘ 23 130 128 21 913 1.10 7.13
cer tegmentosum
e
kil . 10 3 2 9 90.0 0.71 0.22
Quercus mongolica
7 b
Acer triflorum 6 20 15 1 16.7 0.43 1.35
Btk
Corylus mandshurica 3 0 0 3 100.0 0.09 0.00
B
Phellodendron 1 0 0 1 100.0 0.07 0.00
amurense
41l Total 4306 3720 3190 3776 87.7
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Tab.3 Decomposing the changes in kernel density of number at each estimated quantiles

bl gl il ke L 451 BN AR B0 AR A B I AR LU A5
) ) Marginal distribution ~ Explained proportion Proportion of overall changes explained by an individual covariate
P SyfiL s — — . .
Sample plot Quantile (6) A MRS KRB LgEEKE R AR 2 A A
2012 2013 Covariate Coefficient Soil moisture = . = Alkali hydrolyzed Available  Available
Change Soil pH . .
effect effect content nitrogen phosphorus  potassium
0.10 40 47 0.7 0.10 0.90 0.06 0.03 0.01 0.25
0.25 73 74 0.1 0.04 0.96 0.67 0.44 0.25
(IS
HF sample 0.50 1.5 150 35 0.03 0.97 0.30 0.02
plot 075 180 238 58 0.13 0.86 0.10 0.08
0.90 372 313 59 1.00 0.24 0.28
0.10 3.0 4.0 1.0 0.04 0.96 0.33 0.73 0.30 0.04
0.25 70 7.2 0.2 0.07 0.93 0.34 0.98 0.57 0.49 0.04
FEAMAE
MF sample 0.50 120 140 2.0 0.89 0.11 0.31
plot 0.75 220 240 2.0 0.04 0.96 0.27 0.48 0.98 0.68 0.07
0.90 422 396 2.6 0.47 0.53 0.56
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