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Exploring spatial relationship between Pinus koraiensis and major associated tree

species in Liangshui National Nature Reserve

YOU Chenlu, GUO Qingxi "
Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

Abstract; Spatial relationships are important factors affecting forest growth and community succession, and interspecific
relationships are important components of it. The study of spatial relationships helps to understand the growth, functional
roles, and successional processes of forest communities. The correlation of interspecific relationships is easily influenced by
sample size and the number of samples taken. Existing studies often use either small sample sizes with a large number of
samples or large sample sizes with a small number of samples to ensure accuracy. Conducting multi —scale studies with a
large number of samples can be difficult for data analysis. This study avoids these limitations by using the moving window
method and combining it with Pearson correlation coefficient to analyze the interactions and variations between different
diameter classes of Pinus koraiensis and associated tree species at different scales in the Liangshui National Nature Reserve
(10.4 hm® sampling plot) in Heilongjiang Province, and to conduct multi-scale comparisons. The study obtains the spatial
relationship characteristics of Pinus koraiensis and main associated tree species at different scales and different diameter
classes, explores the interaction mechanisms between Pinus koraiensis and associated tree species, helps to understand the

ecological adaptability and dynamic changes of Pinus koraiensis in communities, and reveals the selection and adaptation
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mechanisms of dominant tree species Pinus koraiensis to habitats, providing references for the better protection of Pinus
koraiensis forests. The results show that: (1) the mutual relationships between Pinus koraiensis and associated tree species
are diverse and exhibit multiple coexisting relationships, demonstrating the complexity and stability of the broad-leaved
Pinus koraiensis forest community structure. Large size-class Pinus koraiensis suppresses associated tree species of the same
size class, showing a highly significantly negative correlation, while they provide shade for small size-class associated tree
species, showing a highly significantly positive correlation. (2) The mutual relationships between Pinus koraiensis and
major associated tree species show significant differences at different scales and size classes. The larger the scale, the
smaller the rate of change in correlation coefficient between Pinus koraiensis and associated tree species. The larger size-
class associated tree species have a larger rate of change in the correlation coefficient with Pinus koraiensis. (3) The
correlation between Pinus koraiensis and associated tree species mainly manifests at large scale ( =60 m) and is weak at
small scale (<60 m) , exhibiting scale characteristics. The combination of Pinus koraiensis and associated tree species at the
same size class and different size classes show different spatial relationships. The interspecies relationships between Pinus
koraiensis and associated tree species of the same size class mostly show negative correlation, while the interspecies
relationships between Pinus koraiensis and associated tree species of different size classes show positive correlation. (4)
Based on interspecies relationships, the minimum plot size in the Liangshui National Nature Reserve is determined to be 60
mX60 m. This study focuses on the interspecies relationships between different size classes of Pinus koraiensis and associated
tree species, explaining the spatial relationships of dominant species Pinus koraiensis and associated tree species in the

forest, and providing reference opinions for future forest management.
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y( PR K .% ) _41 & Associated REE/m BER bR ) Rl Intercept
i . x( Pinus Diameter . i R Common X P
y( Associated tree species) .. tree Scale Slope Elevation difference
koraiensis ) class . slope test
species test( P)
(P)

PREL Number 344 IMEF HA 20 0.63 0.13 0.15 <0.001 <0.001 <0.001
40 1.01 0.14 0.17 <0.001
60 1.67 0.12 0.13 <0.001
80 2.42 0.11 0.10 <0.001
100 3.03 0.11 0.13 <0.001
ik 20 -0.67 0.33 0.01 <0.001 <0.001 0.99
40 0.91 0.06 0.01 <0.05
60 1.34 0.05 0.01 <0.01
80 1.87 0.05 0.01 <0.05
100 2.30 0.05 0.01 <0.001
Bt 20 -0.43 0.15 0.01 <0.001 <0.001 0.26
40 -0.42 0.07 0.01 <0.05
60 -0.73 0.05 0.01 <0.001
80 -1.20 0.06 0.01 <0.001
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100 1.32 0.01 0.01 0.21
ZintHa 20 -1.87 0.37 0.03 <0.001 <0.001 <0.05
40 -1.62 0.16 0.03 <0.001
60 -1.39 0.13 0.04 <0.001
80 -1.66 0.12 0.04 <0.001
100 -1.72 0.12 0.05 <0.001
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£ 20 -0.489 138.72 0.01 <0.001 <0.001 <0.001
40 -0.50 87.95 0.01 0.06
60 0.48 -9.9 0.01 <0.001
80 0.45 -8.47 0.01 <0.001
100 0.4 -7.11 0.03 <0.001
HASK 20 -0.49 138.72 0.01 <0.001 <0.001 <0.05
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40 -0.18 30.65 0.01 0.17
60 -0.16 25.32 0.01 <0.001
80 -0.16 24.85 0.01 <0.001
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o2 20 0.11 53.00 0.01 <0.001 <0.001 <0.001
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80 -0.06 34.78 0.05 <0.001
100 -0.06 33.35 0.05 <0.001
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Table 2 Correlation coefficients between Pinus koraiensis and associated tree species at the same DBH level and different scales

AR N FRA AR

Pinus koraiensis Associated (20 m) (30 m) r(40 m) r(50 m) (60 m) (70 m) r(80 m) (90 m) r(100 m)

diameter tree species

MES RAB 0217t 034 0337 033" 0337% 031°77Y 03277 0347 0.37°7*

Small diameter £ 0.05** 0.08*** 0.09*** 0.07*** 0.05** 0.05*** 0.06*" 0.06*** 0.09***
BB 0057 -0.067"" 006" -0.0"***  -0.07"**  -0.05"**  -0.03"*" 0.00 0.04 ***
Aokl -0.077 -0017tt 0.3 0.13%**  -0.14%**  -0.15***  -0.17***  -0.20**" -0.23***

LR EET LAk 0.01 000" =0.05*** =012 -021*** 028" -034*** =036 -0.37 """

Medium diameter £ 0.06*** 0.09 *** 0.13*** 0.16*** 0.21*** 0.21*** 0.22%** 0.25"** 0.25***
B4 0.06*** 0.07*** 0.08*** 0.09*** 0.10*** 0.10*** 0.11%** 0.13"** 0.16***
2t -0.04* -0.01 -0.01 -0.03 -0.06***  =0.06***  -0.09***  -0.13"*" -0.19***

PN T 02477 -024%7F 033777 -04277" =050 -0.587FF -0.647" -0.657" -0.67***

Big diameter £ 0.01 -0.01 0.00 -0.03 -0.04 -0.02 -0.02 -0.02 -0.02
B4 006" -0.03 -0.05***  -0.11 -0.14%7 =0.17*** -0.18***  -0.20 -0.23 "
Fu -0.07**  -0.13%FF  -0.18***  -0.23***  -0.26"**  -0.27°*"  -0.19***  -0.2*** -0.22%**

# P<0.05; #%  P<0.01; #:*% P<0.001
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Fig.7 Standardized major axis (SMA) analysis of Pinus koraiensis and its main associated tree species at different DBH levels at a scale of

60 meters
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Table 4 Correlation coefficients between Pinus koraiensis and main associated tree species at different DBH levels at a scale of 60 meters

EAR/NEEE
PEAERFPAR K r( LRS- FLFANR) HEAR /NS 159 r( M-SR 1 r( ZLRS-24MA)
Pinus koraiensis diameter r( Pinus koraiensis- r( Pinus koraiensis- r ( Pinus koraiensis- r( Pinus koraiensis-
class-associated tree Acer pictum) Tilia amurensis) Abies nephrolepis) Ulmus laciniata)

species diameter class

VNN 0.33*** 0.05*** 0.16*** -0.14***
/- 0.14*** 0.02 -0.06** 0.08 ***
VNN 0.05*** -0.05"* 0.04* -0.10***
LN -0.02 0.21 *** 0.08 *** 0.12%**
o -0.21 *** 0.21*** 0.10*** -0.06***
R -0.19*** 0.19*** -0.34*** -0.26***
KN 0.44 *** 0.37 *** 0.36 """ 0.10***
K- 0.12*** 0.08 *** 0.18*** -0.25 """
K-K -0.50 *** -0.03 -0.14"** -0.26 "

A>3 5 R - T AR T 2 A s ) s /0N T ARRUVE S 9 10 s SR JBORE T AR, A 56 0 IR i 1) T 286 20 I 4
Fa 00 TR (1] 5—6, 3 2) SORF AR SGHE R TP RoRES , REE RN E AT 60 m, X BR A& W4 I
2T AR A B AR B ] G R RUBE R IA 3 60 m, BV MBI (] AH S 04 #1215, A 5 /N /N TR
60 mx60 m, SZBRTAEGE AN OC R GE T2 0718, ZHOWEIT LARER (04 5/ N R R 7 I RN ekt
TR PR V& B/ T AR R 200—500 m*t s AT FROG R F, K £0 A AR IR /N D TET R L R 45 m x
45 m" ERR ] DE R R A ROBER SR, S REIR A 15 8 MR 1) 56 3 32 BT 4l D sl imn BRI | B4 /)N
ARSI S BBUARE T AR A Hh ) ol ) 5 2R ) S 4 2R ml BEA I (i B0, SR 5 i % sl 77 1095 ke T 12 SE et
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