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Abstract  14 

Ectomycorrhizal (EcM) tree species often dominate temperate and warm-temperate forests, yet 15 

how their mycorrhizal dominance reshapes the species diversity–aboveground biomass relationship 16 

(DBR) remains unclear. In this study, we examined 6-ha permanent monitoring forest plots across 17 

the temperate–subtropical transition zone of China. Based on bivariate regression, generalized linear 18 

mixed models (GLMM), and structural equation modeling (SEM), we quantified the contribution 19 

and mechanistic pathways of the mycorrhizal dominance to aboveground biomass (AGB) 20 

accumulation. Our findings reveal that i) Ectomycorrhizal tree dominance is the key determinant of 21 

AGB accumulation in temperate-subtropical transition forests; ii) EcM tree dominance enhances 22 

AGB by reducing stand structural heterogeneity rather than increasing it. iii) Although EcM tree 23 

dominance reduces arbuscular mycorrhizal (AM) tree abundance and species richness through 24 

competitive exclusion, the positive biodiversity–ecosystem function (BEF) relationship persists. 25 

These results elucidate the interplay between selection and complementarity effects, offering new 26 



 

 

insights into the ecological drivers of DBR and providing a scientific foundation for the sustainable 27 

management of temperate forests. 28 

Keywords: Ectomycorrhizal dominance; Aboveground biomass; Species diversity; Stand structural 29 

heterogeneity 30 

1. Introduction 31 

Trees control the carbon sequestration and biomass development of forest ecosystems, which 32 

impact the global carbon cycle [1–3]. In the majority of temperate forests with a few or a single 33 

species dominating the overstorey, reduced diversity leads to increased aboveground biomass (AGB) 34 

because of large trees [4–6]. This is why these giants become the main agents of carbon storage in 35 

mature forests because carbon gain increases rapidly with tree size [7, 8]. As a result, under low 36 

diversity, AGB is more sensitive to large tree dominance than to the classical biodiversity ecosystem 37 

functioning (BEF) relationship [9, 6, 10]. This effect is amplified by ectomycorrhizal (EcM) tree 38 

dominance in nutrient-poor temperate forests. The dominant large trees in such forests are almost 39 

invariably EcM species [11–13]. Their fungal partners confer a competitive advantage, thereby 40 

reshaping the diversity–biomass relationship (DBR). [14, 15]. 41 

In temperate and warm-temperate forests, most tree species form symbiotic relationships with 42 

mycorrhizal fungi [16, 13]. These relationships fall into two functional groups: EcM tree species 43 

exhibit low species richness but high individual abundance, and arbuscular mycorrhizal (AM) tree 44 

species display high species richness yet rarely dominate temperate forest [17]. EcM and AM tree 45 

species differ significantly in nutrient acquisition strategies, nutrient foraging capabilities, and 46 

physiological and morphological traits [18]. EcM fungi decompose soil organic matter to acquire 47 

nitrogen and form dense hyphal sheaths around roots, enhancing host resistance to pathogens [19]. 48 

In contrast, AM fungi are more efficient at absorbing low-mobility inorganic nutrients, such as 49 

phosphorus, but offer less physical protection [20]. Given these functional differences, EcM tree 50 

species may leverage their competitive advantage in nutrient-limited forests to drive community 51 

biomass accumulation. This effect is particularly pronounced in nitrogen-constrained systems [21]. 52 

The competitive dominance of EcM species potentially reduces the direct contribution of species 53 



 

 

diversity to aboveground biomass. [8, 22, 23]. 54 

The relationship between species diversity and AGB remains highly debated in forest 55 

ecosystems [24–26]. On the one hand, based on the niche complementarity and selection effect 56 

hypotheses, many studies have demonstrated that species diversity enhances resource use efficiency 57 

and significantly increases forest AGB [27–29, 26]. Conversely, some studies report non-significant 58 

or even negative relationships between diversity and productivity [27]. In diversity-manipulation 59 

experiments, DBR often exhibits a saturating curve, suggesting functional redundancy as species 60 

richness increases [30]. The DBR can even shift after controlling for community structural factors, 61 

indicating that AGB patterns are shaped by the combined influence of species diversity and stand 62 

structure rather than species diversity alone [31]. During succession in most temperate and warm-63 

temperate forests, early stages dominated by AM trees typically exhibit high species diversity [32]. 64 

As succession progresses, highly competitive EcM trees (e.g., Pinaceae, Fagaceae) become 65 

dominant in late-successional or climax communities, potentially leading to reduced species 66 

richness but increased AGB [33, 34]. Global tree diversity studies show that the structural 67 

complexity of trees with different mycorrhizal types enhances forest productivity [35]. EcM 68 

dominance maximizes AGB not by increasing stand structural complexity but by stabilizing or 69 

homogenizing stand structure [36]. However, traditional ecological perspectives suggest that greater 70 

structural heterogeneity, (e.g., in DBH distribution and vertical stratification) optimizes resource 71 

acquisition (especially light) thereby promoting AGB accumulation [37]. Nonetheless, the specific 72 

mechanisms through which the EcM tree dominance regulates the DBR via community composition 73 

and structural attributes remain unclear [38]. 74 

The temperate-subtropical transition zone forests are characterized by diverse climatic and 75 

topographic conditions, which facilitates the admixture of northern and southern Chinese flora [39]. 76 

In our study area, the nature reserve harbors a large number of structurally complex and species-77 

rich conifer–broadleaf mixed forests, where most plant species form mycorrhizal symbioses 78 

(predominantly with AM or EcM fungi). To assess the role of the mycorrhizal tree dominance in 79 

aboveground biomass (AGB) accumulation in temperate and warm-temperate forests, we 80 

established 6 ha long-term monitoring plots to address two questions: i) Does mycorrhizal tree 81 

dominance drive aboveground biomass accumulation in these forests? ii) What mechanisms 82 



 

 

underlie the influence of mycorrhizal dominance on the diversity–biomass relationship? This study 83 

aims to investigate the mechanisms underlying the positive effects of species diversity on AGB in 84 

temperate-subtropical montane forests. 85 

2. Materials and methods  86 

2.1. Study area and vegetation survey 87 

Our study site is located in the Baotianman National Nature Reserve (111°53′–112°04′E, 88 

33°25′–33°33′N) in Henan Province, China [40]. This nature reserve is situated in the temperate and 89 

subtropical translation zone, with an elevation ranging from 1300 to 1830 m. It experiences a 90 

subtropical continental monsoon climate with cold winters, hot summers, and distinct seasonal 91 

variations [41]. Annual precipitation averages 886 mm, mostly occurring in summer, and the mean 92 

annual temperature is 15.1°C (Wang et al., 2025). The nature reserve is primarily characterized by 93 

deciduous broadleaf forests and mixed coniferous-broadleaf forests, with dominant canopy tree 94 

species including Quercus acutissima var. acutissima, Quercus serrata var. brevipetiolata, 95 

Carpinus turczaninowii, Pinus armandii, and Pinus tabulaeformis [40]. 96 

Based on the 6 ha Baotianman forest dynamics plot (hereafter BTM) in Baotianman National 97 

Nature Reserve, which is a late-successional deciduous coniferous-broadleaf mixed forest dynamic 98 

plot (100 m × 100 m). All woody plants with a diameter at breast height (DBH) ≥ 1 cm were tagged, 99 

measured, and identified to species.In total, 7905 individuals belonging to 39 families, 65 genera, 100 

and 140 species were recorded. The same standardized procedures were applied across all subplots 101 

for tagging, identification, measurement, and mapping. 102 

 103 



 

 

 104 

Figure. 1. Location of the study sites in the Baotianman National Nature Reserve, central China. Points show 105 

sampling sites. 106 

2.2. Mycorrhizal association types 107 

Mycorrhizal traits exhibit strong phylogenetic conservatism [43–45]. Accordingly, we 108 

classified the mycorrhizal types for each plant species based on two global comprehensive 109 

mycorrhizal databases (FungalRoot v.2.0 and FRED 3.0; [46–48] and existing literature (17 110 

references; Supplementary Tables S1). Using taxonomic informatics (mostly based on species or 111 

genera classification), species were primarily categorized into ectomycorrhizal (EcM), arbuscular 112 

mycorrhizal (AM), ericoid mycorrhizal (ERM), dual association (EcM-AM), and Other. For most 113 

species, our classifications were consistent with the global mycorrhizal database. Within the 114 

subplots, we identified 24 EcM tree species (comprising 43.6% of total abundance) and 103 AM 115 

species (comprising 46.0% of total abundance). Some studies reported dual EcM and AM 116 

associations for certain species [45, 49], while for species without clear mycorrhizal information in 117 

the literature, we categorized them as 'Other.' We focused our analysis on dominant EcM and AM 118 

associated tree species. 119 



 

 

2.3. Measuring aboveground biomass 120 

In the plot census, we estimated the total aboveground biomass (AGB) of each tree based on 121 

the measured DBH using species-specific allometric equations. The calculation was referenced from 122 

the Carbon Storage of China's Forest Ecosystems—Biomass Equations manual (Zhou et al., 2018), 123 

which integrates field-measured data from 7,800 typical forest ecosystem plots across China. This 124 

manual assigns values to previously published biomass equations and employs the least squares 125 

support vector machine (LSSVM) to iteratively optimize these equations. As a result, biomass 126 

equations applicable at both provincial (autonomous regions and municipalities) and national scales 127 

were established for dominant tree species. These equations were validated using field-measured 128 

data from standard trees within the plots, with an estimation error of within 10%. 129 

2.4. Biodiversity measurements 130 

2.4.1 Mycorrhizal dominance 131 

To further elucidate the mycorrhizal tree dominance, we quantified the relative abundance of 132 

different mycorrhizal types. This index reflects the prominence of each mycorrhizal functional 133 

group within the forest stand and serves as a proxy for evaluating its contribution to community-134 

level ecological processes [50, 51]. Given that the influence of mycorrhizal types on community 135 

function may vary with tree size, and MSE is often more evident in trees with larger diameters, we 136 

divided trees into large trees (DBH > 10 cm) and small trees (DBH ≤ 10 cm) for analysis [18, 22]. 137 

The abundance index is calculated as follows:(Equation (1); Supplementary Tables S2) 138 

Mycorrhizal dominance= Nmyc
Ntotal

                                                (1) 139 

where Nmyc is the number of individuals of a certain mycorrhizal type, and Ntotal is the total 140 

number of individuals in the plot. 141 

2.4.2 Species diversity 142 

We used the Margalef Richness Index (species richness), the Shannon-Wiener Index 143 

(Shannon-Wiener index), the Simpson Index (simpson index) and Pielou Evenness Index (evenness 144 

index) to represent the level of species diversity within the community. The calculations were 145 



 

 

performed using the 'vegan' package in R [52], which serves as a fundamental drivers of DBR under 146 

MSE mediation [37]. 147 

2.4.3 Stand structure diversity 148 

To identify the structural diversity index most representative of MSE, we used the coefficients 149 

of variation (CV) of diameter at breast height (DBH) and tree height (H) to represent horizontal and 150 

vertical stand heterogeneity, respectively [53, 54]. These metrics were calculated for large (DBH > 151 

10 cm) and small (DBH ≤ 10 cm) trees within each mycorrhizal type as follows: (Equation (2) 152 

and (3); Supplementary Tables S3) 153 

DBH variation= σdbh
μdbh

                                                     (2) 154 

H variation= σh
μh

                                                         (3) 155 

where σdbh and μdbh represent the standard deviation and mean of DBH measurements, σh and 156 

μh represent the standard deviation and mean of H, respectively. 157 

2.5. Statistical Analyses 158 

Data analysis was conducted at the subplot level (20 m×20 m, n = 125). We first employed 159 

Mantel tests to evaluate the relationships among mycorrhizal dominance, species diversity, 160 

structural diversity, and AGB, followed by generalized linear mixed models (GLMM) to quantify 161 

the relative importance of each predictor [55]. Structural equation models (SEM) were finally 162 

performed to determine the direct and indirect effects of each variable on AGB [56]. As the 163 

interaction effects among variables were not significant, we employed only main effects to fit the 164 

model. All variables were standardized prior to analysis to facilitate comparable parameter 165 

estimation. 166 

2.5.1 Multiple regression models 167 

In order to identify the optimal response variable for explaining AGB variation, we used the 168 

'MuMIn' package to build generalized linear mixed models (GLMMs; Bartoń, 2010). These models 169 

assessed the effect of the mycorrhizal dominance on the DBR. We calculated all the potential indices. 170 

We then included all variables in a stepwise regression procedure to select the best-fitting model 171 

based on Akaike’s information criterion (AIC; Bates et al., 2015). Model averaging was 172 



 

 

subsequently applied to the selected best model to determine parameter coefficients for the final set 173 

of predictors of AGB. We also calculated the relative importance of different predictor groups by 174 

comparing their effects against the overall parameter estimates in the model. The relative 175 

contributions (C%) of each variable were derived using the 'glmm.hp' R package [55]. Pairwise 176 

Spearman correlations among variables were calculated using the 'linkET' R package, and results 177 

were visualized as a heatmap. In addition, Mantel tests were employed to assess the association 178 

between AGB and other variables. All correlation visualizations were generated using 'ggplot2'. All 179 

statistical analyses were conducted in R (version 4.3.1). 180 

2.5.2 Structural equation models 181 

We employed structural equation models (SEMs) to evaluate how mycorrhizal dominance 182 

shape the DBR pathways. We drew from the variable combinations identified in the GLMM analysis. 183 

We posit that high-biomass communities (climax communities) are shaped by EcM trees [59, 60], 184 

while low-biomass communities (seral communities) are largely composed of AM trees [61, 62]. 185 

During the selection of the best-fitting SEM, a series of tests was used to evaluate model fit [63], 186 

including the chi-square Chi-square (χ2) test, goodness-of-fit index (GFI), comparative fit index 187 

(CFI), root mean square residual (RMR), standardized root mean square residual (SRMR), and root 188 

mean square error of approximation (RMSEA). From the final model, we identified the most 189 

influential predictors for AGB by examining the highest standardized effect size (β). The SEM 190 

analyses were implemented using the 'lavaan' R package [56]. 191 

3. Results 192 

3.1. Correlation analysis between different variables and AGB 193 

Circular stacked bars and boxplots (Figure. 2) illustrates the contrasting distributions of EcM 194 

and AM trees across aboveground biomass (AGB), abundance, and species richness. EcM trees 195 

comprised only 24 species yet accounted for 43.6% of total individual abundance. They contributed 196 

disproportionately to total AGB. In contrast, AM trees exhibited higher species richness (103 197 

species, 73.6%) but contributed only 46.0% of total abundance. EcM large trees accumulated 198 

significantly more AGB per individual than AM large trees (p < 0.05; Figure. 2a). Among dominant 199 

species, Quercus aliena var. acuteserrata, Pinus armandii and Pinus tabulaeformis were the 200 

primary contributors to total AGB (Figure. 2a). AM species showed a more even distribution of 201 



 

 

abundance across many species, whereas EcM abundance was concentrated in fewer species (Figure. 202 

2b). Species richness was overwhelmingly dominated by AM-associated taxa (Figure. 2c). Together, 203 

these patterns confirm that EcM dominance in this forest is driven by the high individual abundance 204 

and large size of a few species, rather than by species diversity. 205 

 206 

Figure. 2. Mycorrhizal differences in tree biomass, abundance and species richness. Circular stacked bars show 207 

EcM and AM tree distributions across all plots for (a) aboveground biomass (AGB), (b) abundance and (c) species 208 

richness. Inset boxplots show differences among mycorrhizal and size-class groups at the bigplot-level. Coloured 209 

arcs indicate dominant species, whereas grey arcs represent pooled “Others”. Boxplots show medians, interquartile 210 

ranges and plot-level observations. Different lowercase letters denote significant differences from Dunn’s post hoc 211 

tests with Bonferroni correction after Kruskal-Wallis tests (p < 0.05). EcM, ectomycorrhizal; AM, arbuscular 212 

mycorrhizal. Large trees were defined as DBH ≥ 10 cm, and small trees as DBH < 10 cm. 213 

The Mantel test results revealed significant correlations among the MSE, species diversity, 214 

structural diversity and AGB (Supplementary Figure S1). The Mantel test identified key predictor 215 

variables for further analysis, including EcM large trees dominance (EcM large trees_%), AM 216 

dominance (AM trees_%), species richness, EcM trees DBH variation, and EcM large trees H 217 

variation. Linear regression models further elucidated the effects of selected predictor variables on 218 

AGB (Figure 3). EcM large tree dominance exhibited a significant negative correlation with AM 219 



 

 

dominance (p < 0.001; Figure 3a). Aboveground biomass was significantly positively correlated 220 

with EcM large trees dominance (p < 0.05; Figure 3b), but negative correlations with the EcM trees 221 

DBH variation(p < 0.01; Figure 3e) and EcM large trees H variation(p < 0.05; Figure 3f), suggesting 222 

that low structural heterogeneity EcM trees in communities may promote AGB accumulation. 223 

 224 

 225 

Figure. 3. Linear relationships between individual predictors and AGB. The shaded gray areas represent 95% 226 

confidence intervals. 227 

 228 

3.2. The relative importance of different variables in affecting AGB 229 

Generalized linear mixed models (GLMM) were used to evaluate the relative contributions and 230 

effect sizes of selected predictor variables on AGB variability (Figure 4). Predictors included EcM 231 

large tree dominance, AM dominance, species richness and structural heterogeneity metrics (EcM 232 

DBH variation and EcM large trees H variation). Results identified EcM large tree dominance as 233 



 

 

the most influential variable (Supplementary Tables S4), with a significant positive effect on AGB 234 

(p < 0.001). Species richness was also significantly positively correlated with AGB (p < 0.001), 235 

whereas AM dominance, EcM DBH variation, and EcM large trees height variation exhibited 236 

negative parameter estimates. Hierarchical partitioning results highlighted the relative importance 237 

of each predictor (Figure 4). EcM large tree dominance, species richness, and AM dominance were 238 

the top three contributors to AGB variability. Although AM dominance showed no significant direct 239 

effect on AGB, its substantial explanatory power suggests an influence via indirect pathways, while 240 

EcM large tree dominance likely regulates AGB accumulation through direct pathways. 241 

 242 

Figure. 4. Relative importance and effect sizes of key predictors of AGB based on GLMM analysis.The left 243 
panel shows the percentage contributions of each predictor to AGB variation. The right panel presents standardized 244 
regression coefficients for each variable. Variables include EcM large trees_%, AM trees_%, species richness, EcM 245 
trees DBH variation, and EcM large trees H variation. Asterisks indicate significance levels (*p < 0.05, **p < 0.01, 246 
***p < 0.001). 247 
3.3. The direct and indirect effects of different variables on AGB 248 

Structural equation modeling (SEM) elucidated the interrelationships among EcM large tree 249 

dominance, AM dominance, species richness, structural diversity metrics and AGB (Figure 5). The 250 

model revealed that AGB is significantly influenced by multiple variables, acting through direct and 251 

indirect pathways to drive AGB accumulation. EcM large tree dominance emerged as the primary 252 

driver of AGB (Supplementary Table S5; path coefficient = 0.641, p < 0.001), strongly promoting 253 

AGB accumulation via direct pathways. EcM large tree significantly influenced the DBR by 254 

reducing structural heterogeneity, including vertical and horizontal structural diversity (path 255 

coefficient = -0.798, p < 0.001). EcM tree dominance reduced structural diversity and the abundance 256 



 

 

of AM tree species, thus decreasing species diversity. But it promoted aboveground biomass (AGB) 257 

accumulation by altering stand structure. 258 

EcM large-tree dominance reduced AM tree abundance and species diversity, but AM species 259 

in this EcM-dominated community still enhanced AGB substantially by increasing species richness 260 

(Figure 5). This positive effect suggests that the biodiversity–ecosystem function relationship 261 

persists even in EcM-dominated forests. AM-associated species therefore play a critical role in 262 

sustaining AGB in such ecosystems. 263 

 264 

Figure. 5. Structural equation models (SEMs) illustrating the effects of mycorrhizal dominance, species 265 
diversity and structural diversity on AGB. Solid arrows indicate statistically significant paths (standardized path 266 
coefficients with p-values: *p < 0.05, **p < 0.01, ***p < 0.001). Red and blue arrows represent significant positive 267 
and negative effects, respectively.Conditional R2 values for each response variable are shown in corresponding 268 
boxes. 269 



 

 

 270 

Figure. 6. Direct, indirect and total standardized effects on AGB. EcM large trees_%, AM trees_%, EcM large 271 
trees H variation, EcM trees DBH variation and species richness as predictors of AGB. 272 

4. Discussion 273 

4.1. The Dominant Role of the EcM Large Tree in Forest AGB Accumulation 274 

Bivariate regressions (Figure. 3), GLMMs (Figure. 4), and SEMs (Figure. 5) show that AGB 275 

in temperate and warm-temperate forests is chiefly regulated by the EcM large-tree dominance. 276 

GLMM variable selection retained this metric as the leading explanatory factor for AGB variation, 277 

and subsequent analyses confirmed its direct positive effect on biomass. Our findings align with 278 

numerous studies in temperate and northern forests, where AGB accumulation is primarily driven 279 

by the selection effect of a few dominant species [64, 65], typically trees symbiotic with EcM fungi 280 

[66]. EcM trees exhibit a significant competitive advantage in nutrient-limited environments, 281 

particularly through their specialized ability to decompose soil organic matter via mycorrhizal 282 

networks to acquire nitrogen [67], which enables them to dominate communities and accumulate 283 

substantial biomass. Under strong environmental filtering, highly adaptive EcM species are selected 284 

and tend to grow into large individuals [68]. Their expansive crowns capture a disproportionate 285 

share of available light, while their extensive root systems and fungal networks afford them a 286 

dominant position in belowground nutrient competition [69]. This resource dominance establishes 287 

a positive feedback mechanism. The dominant status of EcM trees promotes their growth, and large 288 

EcM individuals reinforce their competitive advantage while suppressing neighbouring rivals. The 289 



 

 

selection effect of EcM large tree dominance outweighs the niche complementarity driven by 290 

species coexistence in promoting AGB. This suggests that in EcM-dominated ecosystems, the 291 

contribution of species diversity to biomass may be of secondary importance, offering a potential 292 

explanation for ongoing debates about the diversity–biomass relationship (DBR). 293 

4.2. EcM Tree Dominance regulates the DBR by stabilizing structural heterogeneity 294 

Structural equation modeling revealed that a higher proportion of large EcM trees exerted 295 

significant negative effects on both EcM trees DBH variation and EcM large trees height variation 296 

(Figure 5). These findings suggest that increasing EcM dominance promotes structural stabilization 297 

within forest stands, which in turn contributes to greater AGB. Our study highlights a novel 298 

mechanism whereby the dominance of EcM species indirectly regulates AGB not by enhancing, but 299 

by reducing, both horizontal and vertical structural heterogeneity, which contrasts sharply with 300 

traditional theories [70, 71]. Conventional perspectives suggest that greater structural heterogeneity, 301 

such as multi-layered canopies and diverse tree size distributions, enhances AGB accumulation by 302 

optimizing resource acquisition, thereby supporting a positive DBR [72]. However, this principle 303 

may not apply in temperate forest systems strongly dominated by the EcM large trees and may even 304 

be reversed. Recent studies in temperate forests report that stand structural uniformity supports AGB 305 

accumulation [8, 73]. When EcM trees dominate a stand, their expansive canopies capture the 306 

majority of available light, while their extensive mycorrhizal networks confer a competitive 307 

advantage in belowground nutrient acquisition, effectively monopolizing soil resources [74, 75]. 308 

This dual aboveground and belowground suppression significantly limits the growth and survival 309 

of understory tree species and smaller conspecific individuals, leading to the gradual elimination of 310 

weaker individuals (Yan et al., 2024; Zhang et al., 2024). In these communities, intense intraspecific 311 

competition and competitive thinning select for similarly sized individuals, resulting in a uniform 312 

stand structure. Although this reduces structural complexity, it maximizes the productivity of 313 

dominant EcM trees. Consequently, the surviving trees consist primarily of dominant EcM 314 

individuals of comparable size, reducing variability in stand diameter and height, thereby promoting 315 

AGB accumulation. 316 

Notably, although dominance by large EcM trees reduces species richness via competitive 317 

exclusion, the positive BEF relationship is preserved. Species richness remains a significant driver 318 



 

 

of AGB, even as its contribution is attenuated under EcM dominance. This provides further insight 319 

into the long-standing dichotomy between selection and complementarity effects, indicating that 320 

forest AGB emerges from the combined contribution of both mechanisms. [78, 79]. Our results 321 

demonstrate that in natural ecosystems, the selection effect driven by EcM dominance and the 322 

complementarity effect facilitated by AM tree species diversity can coexist. This coexistence stems 323 

from niche differentiation between mycorrhizal tree types, particularly their distinct nutrient 324 

acquisition strategies[80, 21]. EcM trees have a superior capability to decompose organic matter for 325 

nitrogen acquisition, establishing them as dominant competitors in temperate forests[61, 81]. In 326 

contrast, AM trees and their symbiotic fungi excel at absorbing low-mobility inorganic nutrients, 327 

such as phosphorus [82]. This resource use complementarity allows AM trees to establish and persist 328 

in nutrient-specific microhabitats within EcM-dominated stands. In the understory environment 329 

shaped by EcM trees, AM trees face intense interspecific and intraspecific competition, resulting in 330 

rapid growth and high mortality rates (Dolezal et al., 2024; Zhang et al., 2024). This rapid turnover 331 

of individuals prevents individual AM tree species from achieving dominance but fosters temporal 332 

and spatial species coexistence, maintaining high species richness within the forest community [85]. 333 

This dynamic contributes to AGB accumulation in temperate and warm-temperate forests. 334 

5. Conclusions 335 

This study shows that the dominance of large EcM tree species is a primary driver of AGB 336 

accumulation in temperate–subtropical forests, mainly by reducing stand structural heterogeneity. 337 

Although competitive exclusion by EcM species diminishes the abundance and diversity of AM 338 

trees, AM tree diversity still exerts a positive complementarity effect on AGB. These findings refine 339 

our understanding of the BEF relationship and may inform sustainable management strategies for 340 

temperate forests. 341 
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