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Spatial distribution patterns of seedling and sapling in a spruce-fir forest in the

Changbai Mountains area in northeastern China

YANG Hua®, LI Yanli, SHEN Lin, KANG Xingang, YUE Gang, WANG Yan
Key Laboratory for Silviculture and Conservation of the Ministry of Education, Beijing Forestry University, Beijing 100083, China

Abstract: To describe the seedling and sapling distribution patterns of a spruce-fir coniferous and broadleaved mixed forest
in the Changbai Mountain area, one sample plot covering 60X60 m was established. The spatial coordinates, diameters at
ground height (DGH) and heights (H) of all trees with a height exceeding 30 cm and a diameter at breast height ( DBH)
less than 5 cm were measured. Based on these data from the sample plot, by the method of point pattern analysis, and the
univariate O-ring function statistic was used to analyze the spatial patterns of the main regeneration tree species. The
bivariate O-ring function statistic was used to analyze the spatial correlations among different regeneration tree species.The
following 15 tree species were recorded in this plot: Abies nephrolepis , Picea asperata,Pinus koraiensis , Betula platyphylla ,
Betula costata , Tilia amurensts , Acer tegmentosum ,A. mono ,A. ukurunduense , Populus davidiana, Phellodendron amurense
Taxus mairei , Quercus mongolica, Fraxinus mandshurica and Ulmus japonica. The following 7 regeneration tree species were
recorded ; Abies nephrolepis ,Acer mono , Tilia amurensis, Picea koraiensis, Pinus koraiensis, Quercus mongolica and Ulmus
Japonica.Abies nephrolepis and Acer mono are the most common species, which account for 87.40 percent of total ,while Tilia

amurensis , Picea koraiensis and Pinus koraiensis take second place, which account for 12.25 percent of total. Only few
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Quercus mongolica and Ulmus japonica were encountered ,which account for 0.35 percent of total. The number of individuals
decreased with increasing dgh and height of the regeneration tree species. The distribution of ground diameter follows the
shape of an inverse J.The distribution of heights shows a bimodal shape.Abies nephrolepis and Acer mono show an aggregated
spatial distribution at distances between 0 and 10 m. With increasing scale the distribution of all regeneration trees is
uniform at first, then random. Tilia amurensis, Picea koraiensis and Pinus koraiensis are mostly randomly distributed at all
scales, perhaps because of the limited number of these three tree species.Generally, the associations of regeneration tree
species show positive correlations at small scales and negative correlations at larger scales. With increasing scale, the
correlation intensity is declining. Abies nephrolepis and Tilia amurensis ,and Picea koraiensis and Tilia amurensis ,do not show
a positive spatial correlation; The spatial relationship between Abies nephrolepis and Picea koraiensis ,and Abies nephrolepis

and Pinus koraiensis is not negative ; There are no obvious spatial correlations between Picea koraiensis and Pinus koraiensis.

Key Words: spruce-fir forest; seedling and sapling regeneration; spatial distribution pattern; point pattern analysis; O-
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Table 1 Quantitative characteristic of large trees

A 734 EHIHRE/ em SEHIWTHEIRL/ (m?/hm?) Wrifi B %
Tree species Abundance Mean diameter at breast height Mean basal area Mean basal area
& }% Abies nephrolepis 469 16.38 9.8959 0.4184
21 7% Picea koraiensis 154 19.87 4.774 0.2019
ZLH Pinus koraiensis 94 21.08 3.2806 0.1387
WAHE Betula costata 159 11.05 1.5264 0.0645
FI#E Betula platyphylla 55 17.66 1.3475 0.0570
S4B Tilia amurensis 121 11.65 1.2826 0.0542
FEHEML Acer tegmentosum 108 9.89 0.8316 0.0352
WA Acer mono 27 13.13 0.3645 0.0154
TEREBE Acer ukurunduense 33 7.90 0.1617 0.0068
W4 Populus davidiana 3 18.97 0.0846 0.0036
W% Phellodendron amurense 4 15.23 0.0728 0.0031
2H Tavus mairei 1 12.10 0.0115 0.0005
ZTHR Quercus mongolica 1 10.20 0.0082 0.0003
JKBMI Fraxinus mandshurica 1 8.50 0.0057 0.0002
F M Ulmus japonica 1 5.50 0.0024 0.0001
A1 Total 1231 15.22 23.65 1.0000
F2 EIFRFMEERHFE
Table 2 Quantitative characteristic of regeneration trees
R Fh B B/ % F-Hy A/ mm - R /m
Tree species Abundance Abundance% Mean diameter at ground height Mean height
B2 Abies nephrolepis 380 44.34 19.86 1.33
{6 K Acer mono 369 43.06 14.82 1.55
MR Tilia amurensis 49 5.72 27.87 2.48
4117 A2 Picea koraiensis 36 4.20 13.12 0.83
LK Pinus koraiensis 20 2.33 20.66 1.64
SR Quercus mongolica 2 0.23 26.59 2.40
M Ulmus japonica 1 0.12 19.20 1.75
At Total 857 100.00 17.90 1.48
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Fig.1 Diameter at ground height( DGH) class distribution of number of trees and H class distribution of number of trees
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Fig.2 DGH class spatial distribution of tree species and H class spatial distribution of tree species
® 0 mm<DGH<10 mm, n=259; O 10 mm<DGH<20 mm, n=322;+ 20 mm<DGH<30 mm, n=146; ¥ 30 mm<DGH<40 mm, n=74;< 40
mm<DGH<50 mm, n=33;% 50 mm<DGH<60 mm, n=12; A 60 mm<DGH<70 mm, n=9;] 70 mm<DGH<80 mm, n=2
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102;x 2.5 m<H<3.0 m, n=45; A 3.0 m<H<4.0 m, n=43;] H=4.0 m and DBH<5 cm, n=27
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Table 3 Spatial distribution patterns of regeneration tree species

JUJE Scale/m

FFf Tree species

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
BAR Al + + + + + + + + + + + r + r - -
S AT .
K2 Abies nephrolepis + + + + + + + + + + + + + + r r
AR Acer mono + + + + + + + + + + + r r r - r
WA Tilia amurensis r T + + r T r T + T r T r r T r
=42 Picea koraiensis + + + r r + r r r r - - r r r r
ZIH) Pinus koraiensis r r r r r r r + r r r r r r r r

JE Scale/m
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

FFh Tree species

B AN - r r r r - - - - r r r r r r
¥ 42 Abies nephrolepis + + + + r T r - - T - - - - r
K Acer mono r r r r r r - r r r r r - r r
WA Tilia amurensis r r r r r r r r r r r r r r r
A2 Picea koraiensis r r r r r r r r r r r r r r r
ZL#) Pinus koraiensis r r r r r r T + T r r r r r r
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Table 4 Spatial association of regeneration tree species

FF Tree species

JJE Scale/m

0 1 2 3 4 5 7 8 9 10 11 12 13 14 15
VA8, Abies and Acer + + + + r r r + + T r r - - -
VI Abies and Tilia r r r + r r r r - r . . r r -
%2 * Abies and Picea r r + r + + + T r T r + + r +
W4T * Abies and Pinus r r + + + + + + + r r r + r r
i Acer and Tilia + + T T r r r + r r r r r T T
B2 Acer and Picea r r r r r r T r r r - r r + r
B4 " Acer and Pinus + + r r r r r r r - r r - - r
=M * Picea and Tilia r r r r r r T r r r r r r r r
4L " Picea and Pinus r r r r r r r r r r r r r r r
ML * Tilia and Pinus r r r + r r r r T r r r r T r

FF Tree species

RJE Scale/m

22 23 24 25 26 27 28 29 30

¥t * Abies and Acer - - - r r r
YAB* Abies and Tilia r r - - - -
¥ * Abies and Picea r + + + r r
W41 * Abies and Pinus r r r r r r
Fult* Acer and Tilia r - - r r -
" Acer and Picea r r T T r r
ALT " Acer and Pinus - - r r r r
= Picea and Tilia r r r - r -
4" Picea and Pinus r r r r r r
WL " Tilia and Pinus r r - r r r

T T T + T + T T
- - - - T T r T
T T T T T T r +
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