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Abstract: [Objective] This paper aims to explore the effects of species diversity, structural diversity,

species asynchronism, stand density and environmental factors on community biomass stability and their
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interaction paths at different spatial scales, and to analyze the main driving factors of biomass stability at
different spatial scales, so as to provide a theoretical basis for sustainable forest management and scientific
management. [Method] Based on the survey data of coniferous and broadleaved mixed forest in Jiaohe,
Jilin Province of northeastern China from 2010 to 2020, the relationship between biotic factors (species
diversity, structural diversity, species asynchronism, stand density) and abiotic factors (topographic factors,
soil physical and chemical properties) and community biomass stability at 20 m x 20 m and 40 m X 40 m
spatial scales and their mechanism were investigated by structural equation model. [Result] At the scale of
20 m x 20 m, biomass stability was significantly positively correlated with species asynchrony, structural
diversity, and stand density. Among abiotic factors, topographic factors (slope and convexity) were
positively correlated with biomass stability. At the scale of 40 m x 40 m, biomass stability was positively
correlated with species asynchrony, while soil physicochemical properties (available potassium, total
phosphorus and available nitrogen) were negatively correlated with biomass stability. The structural equation
model analysis showed that the effect of species asynchrony on biomass stability was higher than that of
stand density and structural diversity at the scale of 20 m x 20 m, and the path coefficient was 0.40. Soil
physicochemical properties indirectly affected stand biomass stability by significantly affecting species
diversity, and the path coefficient was 0.10. At the scale of 40 m x 40 m, only species asynchrony had a
significant positive effect on biomass stability, with a path coefficient of 0.64. Topographic factors (slope
and convexity) indirectly affected stand biomass stability by adjusting structural diversity, and the path
coefficient was 0.35. [Conclusion] At different spatial scales, although biotic factors and abiotic factors
have different paths and influences on biomass stability, species asynchrony is the main driving factor for
biomass stability. At the scale of 20 m x 20 m, biological factors such as species asynchrony, stand density,
and structural diversity affect biomass stability through direct positive effects, while environmental factors
affect biomass stability through indirect effects. At the scale of 40 m x 40 m, species asynchrony and soil
physicochemical properties (available potassium, total phosphorus and available nitrogen) are the main
influencing factors for biomass stability.

Key words: biomass stability; spatial scale; species asynchrony; community structure; environmental factor
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Tab. 1 Calculation formulas for each index of species diversity and structural diversity

Z FEPE Diversity FAL Index 525X Formula
Y= e
Species richness (S) §=Ns
¥ Shannon-Wienerfs £t S
, SrIHZ Hs=-% ZxInt
’ Species Shannon-Wiener index (Hg) i N N
L/ EZE2 =1
Species diversity YIFh s &) B Es = Hs/In Ns
Species evenness (Eg) -
. " N
YyFhSimpsont& %4 Ds=1— ZS: (ﬁ)z
Species Simpson index (Dg) = — N
i=
T T Ny
Ji94% Shannon-Wiener$i 41 Hi=— Z Y
DBH Shannon-Wiener index (Hy) 4= — N N
=
e i)y -
DBH evenness (£y) Ea=Ha/ln Na
EATAEZ e e Ny
Structural diversity i 42 Simpson#E £ R ( n; )2
DBH Simpson index (D) 4= = N
s % 1
Mt 5 R A < De=p)?
Coefficient of variation of DBH (D,,,) Dyar = N X 100%

s No FETT IR KL NFETT RO MARG g BETT NSRBI IR ROBORE: ny A7 A 55 AR S5 R KR s Ny AEDT WIRAR S 0B 8G Dy FETT A
FBEANAMREI ARG : w FETT N BTE MR 4% 724014 « Notes: Ng, total number of species in a quadrat; N, total number of individuals in a quadrat; n;,
number of the ith species in the quadrat; n;, number of the jth DBH grade in the quadrat; N, total number of DBH grades in the quadrat; DBH;, DBH
value of the kth individual in the quadrat; u, average DBH of all individuals in the quadrat.
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Tab.2 Environmental factor data from different spatial scales of sample plots

. 20m x 20 m 40m x40 m
IR T o o
Environmental factor L[N FeAEe| PR SSIE] [ P22
Mean Range Standard deviation Mean Range Standard deviation

~+1pH Soil pH 6.07 5.31~6.87 0.20 6.07 5.31~6.87 0.32
e
Soil total nitrogen/(g-kg ™) 1.31 0.53~2.70 0.17 1.31 0.53~2.70 0.29
g4
Soil total phosphorus/(g-kg ") 1.24 0.77 ~ 1.74 0.12 1.24 0.77 ~1.74 0.20
g a
Soil total potassium/(g-kg ™) 58.38 23.78 ~114.41 11.60 58.49 23.78 ~ 114.41 17.07
B

%Eﬁ)&ﬁ . - 569.24 49.99 ~961.57 87.80 563.67 49.98 ~ 961.58 144.73
Soil available nitrogen/(mg-kg )
g
Soil available phosphorus/(ug-g™) 36.80 20.83 ~54.11 4.74 36.87 20.83 ~54.11 6.94
A+ 3

.3«21_)?‘5(@33 . 1 507.74  236.37 ~1060.28 84.45 51295  236.35~1060.29 141.60
Soil available potassium/(pg-g )
+3% il

%ﬁ*m.} -1 117.87 41.95 ~236.88 27.68 118.06 41.94 ~ 236.88 38.97
Soil organic matter/(mg-g ")
14K Elevation/m 665.32 581.46 ~ 780.39 51.17 662.52 580.06 ~ 776.94 51.96
i Slope/(°) 19.91 5.56 ~ 40.86 6.45 16.52 5.45~26.40 435
I 1) Aspect/(°) 190.75 72.81 ~299.93 35.06 231.57 0.18 ~359.85 151.28
[UT(™ £ Convexity degree 0.05 —4.36~5.71 1.41 0.12 —16.40 ~ 10.82 3.74
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(standardized root mean square residual, SRMR) FIUTAL
% 7= ¥ 77 #3 (root mean square error of approximation,
RMSEA). GFI fHE T 1, FoRIE A& R T
GFI KT 0.9 il H RoR B & R 47 . X T SRMR
1 RMSEA, /)T 0.08 38 # A AL W] 332 11,
1M RMSEA fE/N T+ 0.05 )2 BB RY i ek R4« 45
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Tab. 3 Evaluation of linear regression models for species diversity, structural diversity and biomass stability

fil kAL & 20m x 20 m 40 m x 40 m
Explanatory variable ay ap AIC as as AIC
S+ Hy 0.054 -0.173 116.013 -0.116 -0.102 97.965
H,+ Hy -0.304 0.153 123.193 -3.326" 0.998 105.945
E + Hy -2.558 0.141 135.139 -8.093" 0.509 99.045
Dy + Hy -1.676 0.206 131.031 -12.827" 0.691 103.339
S+E, 0.034 -3.593 116.428 -0.121 —4.565 90.188
H,+Eq -0.165 -3.612 125.472 -2.9347 0.082 97.426
E+Eq -2.145 -2.016 122.134 —7.675 0.181 91.882
D+ E4 -1.193 -3.181 128.699 -12.074" 0.059 96.008
S+ Dy 0.053 —-2.036 108.747 -0.112 —4.543 96.433
H+ Dy —0.254 -0.121 111.810 -3.094" 5.004 103.938
E+ Dy -2.577 0.894 120.351 -7.807" 2.113 97.280
Dy+ Dy -1.587 0.611 117.907 -12.337 2.949 101.759
S+ Dyyy 0.037 3.119™ 104.015 -0.079 3.570 89.060
H,+ Dy, 0.134 3.163™ 111.159 -2.143 2.774 96.282
Eg+ Doy -0.578 3.053™ 115.869 —5.400 3.006 89.630
Dg+ Dy -0.159 3.113™ 116.664 -9.577 2.759 94.836

TE: ay Mays asflaydy 551920 m x 20 m. 40 m x 40 m AL R e 1 (] Y RS20 e A0 20 R P4 ORI 485 1 22 REVE 1R B007 00 2 i e A8 R . ™. 7
TR R IRIEP < 0.05. P < 0.01F1P < 0.001/KF &3 . FH. Notes: aj, a, as well as a3 and a4 are coefficients of explanatory variables
corresponding to the species diversity index and structural diversity index in the regression model constructed under 20 m x 20 m scale and 40 m x 40 m
scale, respectively, ", ", " indicate significance at the levels of P < 0.05, P < 0.01, and P < 0.001, respectively. The same below.

16 ¢ 300

X a b

o s

2 £

= 12t 2

| g 200 ¢

8 2 8

5 gl Zh

2 ">

= i =

’ﬁﬁ s 100}

g 4t 5

£ 5

1 £

Ho

- 0
TK AN TN PH OM TP AP AK AK TP AN TK TN AP OM pH
+ e RRAL SR Soil physicochemical property + e BRAL SR Soil physicochemical property

TK. 4% AN, @R %(: TN. 2 %(; pH. 1% pH 18 ; OM. AHL & & TP. &% AP. WA : AK. A . N . TK, total potassium; AN,
available nitrogen; TN, total nitrogen; pH, soil pH value; OM, organic matter content; TP, total nitrogen; AP, available phosphorus; AK, available
potassium. The same below.
1 20 m x 20 m(a)F1 40 m x 40 m(b) 7 A JUF b - e {0 M o = St e
Fig. 1 Importance ranking of soil physicochemical properties at spatial scale of 20 m x 20 m (a) and 40 m x 40 m (b)
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