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Abstract

:

The management of stand structure and the protection of species diversity are crucial to forest ecosystem service functions. Changbai Mountain is one of the three major forest regions in Northeast China, and understanding the characteristics of stand structure and the allometric relationship between stand structure variables and the correlation between stand factors and species diversity is the basis for achieving effective forest management and ecological function improvement. In this study, the typical deciduous broad-leaved mixed forest and coniferous and broad-leaved mixed forest of the Longwan Nature Reserve in the Changbai Mountain were taken as the research objects, and the stand structure and diversity were investigated in detail. Allometric growth equations were established using the breast height diameter (DBH), tree height, and crown width of the main dominant species. Pearson correlation analysis was conducted on the stand structure and diversity of the forest community. The experimental results showed that young forests with small diameters and small individuals were the main part of the stands. Optimal allometric growth models of the main tree species (Acer mandshuricum, Ulmus davidiana var. japonica, Juglans mandshurica, Acer mono, and Tilia amurensis) were 0.807D0.646, 0608D0.381H0.390, 0.502D0.533H0.295, 0.795D0.540H0.157, and 0.541D0.484H0.301, respectively, with R2 values ranging between 0.6 and 0.8, indicating a good fit for the models. Furthermore, tree density, crown width, and DBH were the main factors affecting tree diversity. The research results will provide theoretical support for the efficient management of forest stand structure and diversity conservation in the Longwan Reserve.
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1. Introduction


The plant community structure, and diversity characteristics have always been a hot issue in ecological research, which determines the niche and competition pattern of a species within the community and has an important impact on the sustainable supply of ecosystem functions [1,2,3]. Unlike ecosystems such as grasslands and farmlands, plant community structure and diversity play a more important role in evaluating the ecological functions of forests [4,5], and a reasonable and healthy community structure is widely recognized as the foundation for forests to perform a variety of ecological functions [6]. Arbors, as the primary component of forest vegetation, have drought and salinity tolerance, as well as various ecological service functions, such as species diversity maintenance, water conservation, and carbon fixation [7,8], and are the primary contributors for the forest ecosystem to perform ecological functions [9]. Therefore, analyzing the community structure characteristics and the effects of stand structure on tree growth and diversity is of great practical and scientific significance for forest conservation and the stability of an ecosystem structure and function [10,11].



The study of allometric growth is a crucial aspect of managing forest community structure [12], where stand structure can strongly influence forest growth [13]. Tree crown is a key parameter in characterizing individual tree growth [14], and studies have shown that DBH and tree height are important stand variables that affect tree growth and that all have significant allometric growth relationships with tree crowns [15,16,17]. Some studies have suggested that, compared to other models, the power function model is the best allometric growth model for stand variables and tree crowns [18,19]. Curtis and Reukema first developed a tree growth model using the tree height, DBH, and crown of Pseudotsuga sinensis [20]. Several researchers investigated the DBH and crown width of Pinus sylvestris L. located throughout the Czech Republic, and estimated the ideal spacing for tree growth through their allometric growth relationship [21]. In addition, research has shown that the relationship between DBH, tree height, and crown width of common tree species in Uganda and the northeastern United States conformed to the allometric growth model, which was used by local forest managers to estimate the growth of trees, thereby developing reasonable forest management strategies [22,23]. However, differences in forest type, growth environment, and species can greatly affect the relationship between tree growth and stand variables, even though there have been many allometric growth models for specific species in different regions based on DBH, tree height, and crown width [24]. Currently, there is limited research on forest allometric growth in the Changbai Mountains region of northeastern China.



In addition to the study of allometric growth of trees, the conservation of plant diversity is also an important part of forest ecosystem management [25]. Many ways to protect plant diversity are related to community structures [26], including height, crown width, canopy density and density [27,28,29,30]. For example, there was a significant negative correlation between the height of Corylus cornuta and the richness of understory species [31]. The differences in plant diversity in the herb layers of forests between evergreen and deciduous cover types were mainly related to crown width [32]. Similarly, tree density and canopy density were also important factors affecting species composition [33] when the planting density of trees was at a medium level, which was conducive to the increase in shrub diversity in the Mediterranean forest [34]. Additionally, one study emphasized that adjusting stand density would help enhance plant diversity [35]. However, there are few studies on the relationship between tree diversity and the stand structure of temperate forests in the Changbai Mountains, Northeast China.



Longwan Nature Reserve is a coniferous and broad-leaved mixed forest and deciduous broad-leaved mixed forest that formed after logging, and is an important object of natural forest protection and forest community restoration [36]. It has a unique plant community composition and biodiversity, dominated by northern temperate plants, with high vegetation coverage and good water and soil conservation [37]. Furthermore, the reserve contains a variety of rare wetlands with special causes, as well as numerous types of national rare and protected animals and plants that play an important role in maintaining biodiversity, water conservation, and carbon fixation, and have extremely important ecological significance and economic value [38]. In view of this area, where the relevant research on the community structure characteristics and the effects of stand structure on tree growth and diversity is still lacking, this study took Longwan Nature Reserve as the research object and addressed the following questions: (1) Which stand factors have significant effects on tree growth? Establish the optimal allometric growth models between stand variables and crown width of the main dominant species; and (2) What were the main stand factors affecting the tree layer species diversity?




2. Materials and Methods


2.1. Study Sites


Longwan National Nature Reserve is located in the Huinan County, Tonghua City, Jilin Province, China, and belongs to the middle section of the Longgang Mountains of Changbai Mountain, with an area of approximately 15,061 hm2, geographical coordinates of 125°13′55″ E–126°32′02″ E, 42°16′20″ N–42°26′57″ N, and an altitude of 449–1233 m. The area belongs to the continental monsoon climate of the north temperate zone, with abundant rainfall in summer and minimum precipitation in winter, with an average annual precipitation of 704.2 mm, an average annual temperature of 4.1 °C, a frost-free period of 110–120 days, and dark brown zonal soil. In addition, according to the local resource archives, Longwan National Nature Reserve was formerly a coniferous and broad-leaved mixed forest that was excessively logged in the 1960s. At present, the community is a secondary forest formed by natural regeneration, and most trees are 40–60 years old. The forest types are mainly deciduous broad-leaved mixed forest and a small amount of coniferous and broad-leaved mixed forest. The composition of plant species is relatively rich, and the main trees are Juglans mandshurica, Tilia amurensis, Ulmus japonica, and Acer mono [39,40].




2.2. Survey of Plant Communities


In July–August 2019, 25 monitoring sample plots were set up in the reserve to investigate the species distribution and community structure characteristics of the arbor layer in Longwan Nature Reserve (Figure 1). The sample plots were of deciduous broad-leaved mixed forest and coniferous and broad-leaved mixed forest vegetation types. Moreover, trees with a DBH larger than 5 cm were investigated, and dead trees were not included in this study. Three sample squares of 20 m × 30 m were set up in each sample plot, and the species name, number, height, DBH, crown width, and other data of the species in the quadrat were recorded. The Chinese Virtual Herbarium (https://www.cvh.ac.cn/, accessed on 21 February 2021) was used to identify and review the species recorded in the survey.




2.3. Measurement Indicators and Measurement Methods


2.3.1. Stand Structure


To describe the functional status of species in the community, the importance value (IV) was used as the dominance index of each species in the community and was calculated as follows [41]:


IV = (relative height + relative abundance + relative coverage)/3











The community structure of the tree layer was measured by density, DBH, tree height, crown width, basal area, and canopy density.




2.3.2. Construction of Allometric Growth Equation


Using stand variables such as DBH and tree height as independent variables and crown width as the dependent variable, scatter plots were created for the main dominant species (Acer mandshuricum, Ulmus japonica, Juglans mandshurica, Acer mono and Tilia amurensis) in the Longwan Nature Reserve. The trend line type and significance were determined to identify the main stand variables that affected crown width. A multiparameter allometric growth equation was established using the crown width as the dependent variable (y) and the stand structure factors as the independent variables (x). The model with the smallest residual sum of squares (RSS) and the largest determination coefficient (R2) was selected as the optimal model. The expression of the multiparameter allometric growth equation is as follows:


  y = a  x 1 b   x 2 c  ,  



(1)




where y represents the crown width data of the dominant species and x represents the stand variables of the DBH and tree height. The model parameters are denoted by a, b, and c.



To estimate the parameters of the prediction model, multiple linear regression was used in this study. As the prediction model is nonlinear, it was transformed into a linear model. The equation after the transformation is ln(y) = lna + b ln(x1) + c ln(x2).




2.3.3. Plant Community Species Diversity


The species diversity index of trees adopted the richness index, diversity index and evenness index, and the calculation formulas were as follows [42]:



Richness index:


R = S,



(2)




where S represents the number of species in the plant community.



The species diversity indexes were expressed by the Simpson index (D) and the Shannon–Wiener index (H).



Simpson index:


  D = 1 −   ∑   i = 1  s   P i 2  ,  



(3)




where S represents the number of species in the plant community, and Pi is the proportion of the ith species in the total number of species.



Shannon–Wiener index:


  H = −   ∑   i = 1  S   P i  ln (  P i  ) ,  



(4)




where S represents the number of species in the plant community, and Pi is the proportion of the ith species in the total number of species.



Species evenness indexes were expressed by the Pielou index (JSW) and the Alatalo index (Ea).



Pielou index:


   J  s w   =   −   ∑   i = 1  s   P i  ln    P i      ln S   ,  



(5)




where S represents the number of species in the plant community, and Pi is the proportion of the ith species in the total number of species.



Alatalo index:


   E a  =    1    ∑   i = 1  S   P i 2    − 1   exp ( −   ∑   i = 1  S   P i  l n  P i  ) − 1   ,  



(6)




where S represents the number of species in the plant community, and Pi is the proportion of the ith species in the total number of species.





2.4. Data Analysis


Data sorting and mapping were carried out using Excel 2019 (Microsoft Corporation, Redmond, WA, USA). Multiple linear regression was used to calculate the parameters of the allometric growth equation, and Pearson correlation was used to analyze the relationship between stand factors and plant diversity indexes (SPSS 22.0, IBM Corporation, Chicago, IL, USA).





3. Results


3.1. Species Composition and Stand Structure


All 25 sample plots in the Longwan Nature Reserve belonged to the mixed deciduous broad-leaved forest and coniferous and broad-leaved mixed forest community types, with 14 families, 22 genera, and 36 species of trees (Table S1). Juglans mandshurica was an important species in several sample plots, including A, B, C, D, M, R, T, and Y, with proportions ranging from 23.47 to 46.73%. The dominant species in sample plots F, K, and L was Tilia amurensis, which accounted for 29.10%, 20.53%, and 24.85%, respectively. The dominant species in sample plots H, O, and Q was Ulmus japonica, with proportions of 18.21%, 25.82%, and 42.28%, respectively. Sample plots G and J had Acer mono as the dominant species, with proportions of 23.65% and 25.11%, respectively. Sample plots I and P had Larix gmelinii (Rupr.) Kuzen. as the dominant species, with proportions of 27.24% and 33.91%, respectively. Sample plots N and V had Acer mandshuricum as the dominant species, with proportions of 35.77% and 28.65%, respectively. Sample plots S and W had Fraxinus mandschurica Rupr. as the dominant species, with proportions of 30.25% and 30.21%, respectively. The dominant species in sample plots E, U, and X were Betula platyphylla Suk., Tilia mandschurica Rupr.et Maxim., and Quercus mongolica Fisch.exLedeb., respectively. The proportions of the dominant species in these sample plots were 22.60%, 23.61%, and 22.10%, respectively (Table S1).



The distribution range of tree layer density in the surveyed sample plots was 367–1400 trees/ha (Figure 2a). About 60% of the sample plots had a density between 600 and 1100 trees/ha. Most sample plots had a basal area concentrated between 15 and 35 m2/ha. However, sample plots I and W had relatively low basal areas of only 9.22 m2/ha and 11.53 m2/ha, respectively (Figure 2b). More than 70% of the sample plots had a canopy density concentrated between 0.4 and 0.8 (Figure 2c). The DBH of the surveyed sample plots ranged from 5 to 25 cm (Figure 2d). Most sample plots had trees with a height between 5 and 17 m (Figure 2e), and the crown width was concentrated between 3 and 7 m (Figure 2f).




3.2. Distribution Characteristics of Species Diversity


The distribution range of species richness was 4–18, and the number of species in most sample plots was 7–13 (Figure 3a). The Simpson index was basically above 0.65 (Figure 3b); the distribution characteristics of the Shannon–Wiener index and the richness index in various plots were similar (Figure 3c), and the Shannon–Wiener index in most sample plots was mainly concentrated in the range of 1.5–2.5. The Pielou index was basically above 0.7 (Figure 3d), and the Alatalo index was concentrated in the range of 0.6–0.9 (Figure 3e).




3.3. Allometric Growth Models of DBH, Tree Height, and Crown Width


The DBH, tree height, and crown width of the main dominant species (Acer mandshuricum, Ulmus japonica, Juglans mandshurica, Acer mono and Tilia amurensis) in the Longwan Nature Reserve all had significant correlations (p < 0.01) (Figure 4 and Figure 5). To better understand these correlations, we established two allometric growth models: CW = aDb and CW = aDbHc. By comparing the R2 and RSS values of the two models, the optimal models for Acer mandshuricum, Ulmus japonica, Juglans mandshurica, Acer mono, and Tilia amurensis were 0.807D0.646, 0.608D0.381H0.390, 0.502D0.533H0.295, 0.795D0.540H0.157, and 0.541D0.484H0.301, respectively (Table 1), with R2 values between 0.6 and 0.8, indicating that the constructed model had good fitting effects.




3.4. Correlation Analysis of Community Structure and Species Diversity


Tree density had a significant positive correlation with species richness (p < 0.01) and had a significant negative effect on the Pielou index and Alatalo index (p < 0.05); DBH had a significant negative impact on species richness (p < 0.05) and had a significant positive correlation with the Pielou index and Alatalo index (p < 0.05); crown width had a significant negative correlation with species richness (p < 0.05) and a significant positive correlation with the Pielou index and Alatalo index (p < 0.01) (Table 2).





4. Discussion


4.1. Tree-Layer Community Structure and Diversity


The community structure and diversity of plants are important biological characteristics at the level of ecological organization, reflecting the composition and spatial configuration of a species [43]. The survey found that the Longwan Nature Reserve was relatively rich in plant species, with a total of 36 species of trees belonging to 14 families and 22 genera in the sample plots. Among these species, Juglans mandshurica, Ulmus japonica and Tilia amurensis were the main dominant species, and the number of individuals such as Alnus cremastogyne, Acer komarovii, and Salix matsudana was small, but they enriched the composition of species and increased the species diversity of arbors (Table S1). The density of the 25 sample plots was 367–1400 trees/hm2, the distribution range of the DBH was 5–25 cm, and the tree height was mainly concentrated at 5–17 m (Figure 2), which was different from the typical broad-leaved mature forest in the Changbai Mountain area (the density of trees was 400–600 trees/hm2, the average DBH was 24–28 cm, and the height was 15–20 m) [44]. The analysis of plant diversity showed that the richness index of the tree layer was 4–18, the Simpson index was concentrated in the range of 0.65–0.9, the Shannon–Wiener index was 1.32–2.30, and the Pielou and Alatalo indexes were concentrated at 0.7–0.95 and 0.6–0.9, respectively (Figure 3), which were basically consistent with the species diversity of the broad-leaved mixed forest in the Changbai Mountain [44]. In addition, the differences in species diversity among the plots were mainly related to the proportion of dominant species, the differences in understory environments and nutrient limitation, resulting in some differences in species richness, diversity, and evenness among the surveyed sample plots [45,46,47,48]. In summary, young forests with small diameters and small individuals were the main part of the stands in the Longwan Nature Reserve, and the degree of fluctuation in DBH, tree height, and canopy density was large, indicating that these sample plots were in a relatively intense succession stage and had not yet recovered to the zonal vegetation−coniferous and broadleaved mixed forest in the secondary succession process after logging.




4.2. Allometric Growth Models of DBH, Tree Height, and Crown Width


Research on individual tree growth is crucial for managing forest community structure and stand management [49]. Several studies have demonstrated that the DBH and tree height are the most significant factors in the allometric growth relationship between tree crown and stand variables. Both factors have a significant allometric growth relationship with crown width [50]. The allometric growth model has become a standard for evaluating forest growth scientifically and guiding forest management decisions [51]. For instance, Jenkins, Sawadogo, and others investigated the stand structure of common tree species in the eastern United States and west Africa. They estimated the growth and space required for tree growth in the region by creating allometric growth equations for DBH, tree height, and tree crown [52,53]. Similarly, a study investigated stand variables such as DBH and tree height of ash trees growing in Oakville, Canada, and established allometric growth equations for DBH, tree height, and crown width. This model may be used to estimate the growth of ash trees in Oakville with similar climate and management environments [54]. Our study also found that the DBH and tree height significantly affect crown width. The crown gradually increased with increasing DBH and tree height (Figure 4 and Figure 5). Among them, the optimal models for Acer mandshuricum, Ulmus japonica, Juglans mandshurica, Acer mono and Tilia amurensis were 0.807D0.646, 0.608D0.381H0.390, 0.502D0.533H0.295, 0.795D0.540H0.157, and 0.541D0.484H0.301, respectively, and the R2 values were between 0.6 and 0.8 (Table 1), indicating that the models have a good fitting effect. In summary, allometric growth models can provide guidance for nurturing and thinning trees and forest management in the Longwan Nature Reserve.




4.3. Impact of Plant Community Structure on Diversity


There is a coupling relationship between forest community structure and species diversity. For instance, tree density is an important factor affecting species composition and diversity [33]. There was a negative correlation between the stand density and species richness of Pinus tabulaeformis Carr. and Pinus massoniana Lamb. forests, and plant diversity was the highest at medium density [55,56]. In addition, a study showed that as the Tumbesian dry forest stand density decreased, species richness decreased significantly [57]. Our results suggested that stand density had a positive effect on species richness and had a significant negative correlation with species evenness (Table 2). With the increase in tree density, although species diversity did not change significantly, the species composition of the tree layer changed, and the evenness decreased. Moreover, one study suggested that the shading of Sitka spruce and western hemlock was detrimental to the survival and growth of vascular plants [58], which was closely related to the crown width of arbors. Similarly, the average DBH was also a major factor affecting species composition. One study of mountain forests in western Hungary found that the DBH of trees significantly influenced species composition and diversity in the understory [59]. Our experimental results showed that the DBH and crown width had negative effects on species richness, while both had a significant positive correlation with evenness (Table 2): with the increase in the DBH and crown width, the evenness of the tree layer increased. It is worth noting that in this study, the stand factors (density, DBH, crown width) were only significantly related to species richness and evenness, but had no significant correlation with the Simpson and Shannon–Wiener diversity indexes, which may be due to its plentiful water and heat resources, soil fertility, and the fact that the species with similar niches had a harmonious interspecific relationship. Consequently, there was no significant impact on the species diversity indexes of the tree layer. Some studies have indicated that the individual size of arbors significantly affects species diversity in forest ecosystems. For instance, it has been shown that the average height of plants decreases, which is conducive to the improvement of plant diversity [30], and a significant correlation between tree height and plant diversity has been found in subtropical montane forests [60]. In contrast, there was no significant correlation between species diversity and tree height in our study, which indicated that stand size was not the limiting factor for tree species diversity in the Longwan Nature Reserve, probably because most of the species were young stands and the difference in tree heights was not significant. The comprehensive analysis of the stand structural characteristics revealed that tree density, DBH and crown width were the main factors influencing temperate forest diversity in the Changbai Mountain region of Northeast China. This study can identify ways to effectively improve species diversity by exploring the coupling relationship between community structure and plant diversity, which is beneficial to the conservation of plant diversity and the stability of forest ecological functions.





5. Conclusions


The tree layer community of the forest ecosystem in the Longwan Nature Reserve belongs to the secondary forest formed by natural regeneration, and the forest types are mainly deciduous broad-leaved mixed forest and a small amount of coniferous broad-leaved mixed forest. The trees with small diameters and small individuals were the main part of the stand, and more importantly, DBH, tree height and canopy density fluctuated greatly, which was in an intense succession stage. The results indicated that the optimal allometric growth models of the main tree species (Acer mandshuricum, Ulmus japonica, Juglans mandshurica, Acer mono and Tilia amurensis) were 0.807D0.646, 0608D0.381H0.390, 0.502D0.533H0.295, 0.795D0.540H0.157, and 0.541D0.484H0.301, respectively. In addition, density, DBH, and crown width were the main factors affecting the richness index and evenness index of the tree layer. Considering that forest ecosystems have many important ecological functions, this study could provide a scientific basis for the optimal allocation of forest resources, the protection of plant diversity, and the stability of ecological functions.
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Figure 1. Distribution of survey sample plots in the Longwan Nature Reserve. 
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Figure 2. Community structure characteristics of the arbor layer. (a–c) Data distribution of density, basal area and canopy density of three quadrats in sample plots; (d–f) data distribution and Weibull curve of DBH, tree height, and crown width. In (d–f), the vertical axes represent the plot numbers A–Y of the survey sample. 
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Figure 3. Distribution characteristics of species diversity in three quadrats of the sample plots. (a) Species richness index of three quadrats in sample plots; (b) Simpson index of three quadrats in sample plots; (c) Shannon–Wiener index of three quadrats in sample plots; (d) Pielou index of three quadrats in sample plots; (e) Alatalo index of three quadrats in sample plots. 
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Figure 4. Scatterplot of DBH and crown width. The lines in (a–e) represent the optimal curve fitting between DBH and crown width of the main dominant species. (a) Acer mandshuricum; (b) Ulmus japonica; (c) Juglans mandshurica; (d) Acer mono; (e) Tilia amurensis. 
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Figure 5. Scatterplot of tree height and crown width. The lines in figures (a–e) represent the optimal curve fitting between the height of the tree and crown width of the main dominant species. (a) Acer mandshuricum; (b) Ulmus japonica; (c) Juglans mandshurica; (d) Acer mono; (e) Tilia amurensis. 
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Table 1. Parameter estimation of prediction models and significance testing of optimal models.
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Species

	
Model

	
Parameter Estimation

	
Evaluation Index

	
Significance Test




	

	

	
a

	
b

	
c

	
R2

	
RSS

	
F-Value

	
p-Value






	
Acer mandshuricum

	
CW = aDb

	
0.807

	
0.646

	

	
0.624

	
15.750

	
382.590

	
0.000




	
CW = aDbHc

	
0.505

	
0.716

	
0.273

	
0.551

	
17.773

	

	




	
Ulmus japonica

	
CW = aDb

	
0.685

	
0.682

	

	
0.579

	
57.574

	

	




	
CW = aDbHc

	
0.608

	
0.381

	
0.390

	
0.607

	
53.785

	
422.307

	
0.000




	
Juglans mandshurica

	
CW = aDb

	
0.728

	
0.678

	

	
0.716

	
16.549

	

	




	
CW = aDbHc

	
0.502

	
0.533

	
0.295

	
0.738

	
14.264

	
534.089

	
0.000




	
Acer mono

	
CW = aDb

	
0.827

	
0.644

	

	
0.618

	
34.490

	

	




	
CW = aDbHc

	
0.795

	
0.540

	
0.157

	
0.636

	
30.290

	
477.96

	
0.000




	
Tilia amurensis

	
CW = aDb

	
0.637

	
0.698

	

	
0.708

	
19.521

	

	




	
CW = aDbHc

	
0.541

	
0.484

	
0.301

	
0.782

	
17.926

	
460.426

	
0.000








Note: D: breast height diameter; H: height of tree; CW: crown width.
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Table 2. Correlation analysis of community structure and species diversity.
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	Ra
	Da
	Ha
	Jsw
	Ea
	Dy
	DBH
	TH
	CW
	BC
	CD





	Ra
	1
	
	
	
	
	
	
	
	
	
	



	Da
	0.658 **
	1
	
	
	
	
	
	
	
	
	



	Ha
	0.853 **
	0.919 **
	1
	
	
	
	
	
	
	
	



	Jsw
	0.108
	0.630 **
	0.466 **
	1
	
	
	
	
	
	
	



	Ea
	−0.204
	0.430 **
	0.137
	0.672 **
	1
	
	
	
	
	
	



	Dy
	0.321 **
	0.060
	0.128
	−0.271 *
	−0.248 *
	1
	
	
	
	
	



	DBH
	−0.265 *
	−0.077
	−0.161
	0.243 *
	0.232 *
	−0.346 **
	1
	
	
	
	



	TH
	−0.215
	−0.136
	−0.194
	0.061
	0.192
	−0.096
	0.700 **
	1
	
	
	



	CW
	−0.229 *
	−0.028
	−0.043
	0.298 **
	0.253 *
	−0.677 **
	0.561 **
	0.392 **
	1
	
	



	BC
	−0.033
	−0.006
	−0.035
	0.092
	0.044
	0.322 **
	0.546 **
	0.369 **
	0.139
	1
	



	CD
	−0.081
	0.067
	0.028
	0.196
	0.186
	−0.481 **
	0.762 **
	0.480 **
	0.721 **
	0.191
	1







Note: * indicates a significant correlation at the 0.05 level, ** indicates a significant correlation at the 0.01 level. Ra: richness index; Da: Simpson index; Ha: Shannon–Wiener index; JSW: Pielou index. Ea: Alatalo index; Dy: density; DBH: breast height diameter; TH: height of tree; CW: crown width; BC: basal area; CD: canopy density.
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