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A B S T R A C T

Understanding biodiversity and its relationship with ecosystem functioning along forest succession is extremely
important to assessing dynamics of community stability and ecosystem integrity. Previous studies have revealed
that increases in species richness, phylogenetic diversity (PD), species asynchrony and dominance can stabilize
the temporal stability of community biomass in grasslands. However, how these determinants influence the
stabilizing effect of biodiversity on forest productivity remains poorly understood. We analyzed the relationships
between woody plant diversity and productivity stability along 30 years of restoration (1985–2015) in four types
of subtropical forest: a mixed Eucalyptus plantation (EE), an Acacia mangium monoculture (AM), a mixed native
species plantation (NS), and a mixed coniferous plantation (MC). Our results showed that community stability in
three mixed species plantations (EE, NS, and MC) rather than the AM monoculture augmented remarkably as
restoration proceeded. Both species richness and phylogenetic diversity significantly stabilized community
productivity in the mixed species plantations instead of the monoculture during the 30-year restoration period.
Species asynchrony was not a significant factor contributing to the forest productivity stability. Instead, com-
munity stability was mainly driven by that of the dominant tree species, and to a lesser extent, by the species
richness. We demonstrated the more important role of species dominance in maintaining the temporal stability
of forest productivity, which differs from that (species asynchrony) for grassland communities.

1. Introduction

Due to the increasing human disturbance and dramatic climate
change, natural ecosystems have been suffering from severe destruc-
tion, including the reduction of biodiversity, degradation of ecosystem
function and resultant ecosystem service loss (Jackson and Hobbs,
2009; Rey Benayas et al., 2009; Allan et al., 2015). Ecological re-
storation activities carried out in degraded regions at different spatial
scales can improve ecosystem services such as carbon sequestration and
biodiversity conservation (Stanturf et al., 2014; Deng et al., 2017).
However, during the course of restoration, ecological communities are
prone to environmental fluctuations, which may alter the abundance
and distribution of species or even lead to local extinctions. Hence, the
question of how species diversity influences community stability has

intrigued ecologists for several decades. An important finding is that
diversity not only promotes ecosystem function but also serves to sta-
bilize them as succession proceeds (Aussenac et al., 2017; Isbell et al.,
2009; Hautier et al., 2014). Most previous studies on grasslands have
revealed that species richness, phylogenetic diversity, species asyn-
chrony, stability of dominant plant species and environmental changes
impose significant impacts on the temporal stability of community
productivity (Aussenac et al., 2019; Hillebrand et al., 2008; Xu et al.,
2015; Duffy et al., 2017; Huang et al., 2018). However, few studies
have been devoted to the understanding of how these determinants
actually contribute to community stability in forests. Forest community
productivity is both an important indicator of ecosystem functioning
and a valuable ecosystem service (Gamfeldt et al., 2013). Identifying
how diversity contributes to stabilizing community productivity during
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forest restoration could help to optimize future forest management and
conservation strategies.

The temporal stability of community productivity defined as the
ratio between mean community productivity (μ) and its variation in
time (σ, SD of community productivity). The temporal stability of
community productivity reflects how much community biomass fluc-
tuates between years. Considering the fact that the stability of ecosys-
tems is affected by different abiotic and biotic factors, there is still in-
sufficient evidence to unravel the underlying mechanisms behind the
diversity-stability relationship, especially in forests. There is a wide-
spread viewpoint that ecological restoration will enhance biodiversity
in the degraded ecosystems (Rey Benayas et al., 2009). Some large-scale
experiments linking biodiversity with ecosystem functioning have also
revealed that biodiversity had a significant effect on ecosystem pro-
ductivity (Duffy et al., 2017; Huang et al., 2018). Diversity has two
components, species richness and species evenness, which may aug-
ment the temporal stability of community productivity by increasing
the mean of community productivity or by reducing summed variances
of community productivity (Tilman, 1996). Traditionally, species
richness has been served as the measure of diversity (Chiarucci et al.,
2011; Gotelli and Colwell, 2001), and numerous studies have shown
that more diverse communities tend to exhibit higher temporal stability
(Campbell et al., 2011; Gross et al., 2014). Previous study has tested the
effect of species richness (richness effect) on the community pro-
ductivity by evaluating the variability in biomass production with a
given species richness (McGrady-Steed et al. 1997). Specifically, “in-
surance hypothesis” indicated that species richness should ‘insure’
communities against reduction in their functioning (e.g. biomass pro-
duction) because more species will provide a higher guarantee on
maintaining functioning (Yachi & Loreau, 1999). In addition, to identify
and disentangle different mechanisms behind diversity-stability re-
lationship, Loreau & de Mazancourt (2013) proposed three main me-
chanisms associated with interspecific differences that may promote the
stabilizing effect of diversity: (1) asynchronous dynamics across species
to fluctuating environments, (2) species respond to disturbance with
different speeds, (3) decrease in the intensity of species competition.
However, to better understand the role of evolutionary history in forest
successional process and its relationship with ecosystem service, ecol-
ogists have increasingly focused on phylogenetic diversity, which pro-
vided us insights into understanding the mechanisms regulating com-
munity assembly during the process of forest restoration (Gross et al.,
2014). A few studies have examined the relationship between phylo-
genetic diversity and ecosystem function during succession in tropical
and subtropical forests (Lasky et al., 2014; Ouyang et al., 2016), and the
results have demonstrated that the relationships between biodiversity
and ecosystem functioning were dynamic across succession. Moreover,
this relationship can be strongly affected by abiotic and biotic factors as
well as management practices.

Species asynchrony is the asynchronous dynamics across species to
fluctuating environmental conditions, which is the consequence of
niche differentiation (Loreau and de Mazancourt, 2008). Species
asynchrony has been regarded as an important form of temporal com-
plementarity among species and has been recognized as a key driver of
stability in grasslands (Hector et al., 2010; Hautier et al., 2014; Xu
et al., 2015). Recently, some studies also suggested that the asynchrony
of tree species’ response to fluctuating environmental conditions drive
the stabilizing effect of diversity. And the intraspecific variability of
these responses regulated the stabilizing effect of species diversity
(Aussenac et al., 2017; Aussenac et al., 2019). However, forests are
quite different from grasslands, considering that the shifts in commu-
nity composition occur much slowly in forests. The slower dynamism of
forests is likely to influence the temporal stability of productivity in the
larger scale.

Since the effects of biodiversity loss on ecosystem function have
gained broad attention, important tendencies for consequences of al-
tered species dominance on ecosystem function emerged. The dynamics

of a biotic community can not only be indicated by the changes in
species richness but also the changes in species dominance or evenness.
More importantly, evenness often responds more rapidly to human
disturbance or dramatic climate change than the number of species
(Smith and Knapp, 2003). Several studies also have revealed that
dominant species could maintain ecosystem functioning with non-
random species reduction (Smith and Knapp, 2003; Hillebrand et al.,
2008; Yang et al., 2011). Previous review suggested that dominance
influences species invasibility, ecosystem processes, and community
stability (Hillebrand et al., 2008). When dominance is high (lower
richness), most species contribute little to community biomass and the
establishment or reduction of rare species has little effect on sum of
variances (portfolio effect), therefore the summed covariance between
species is largely determined by covariance between dominant species.
Polley et al (2007) found that dominant species constrain the effect of
species diversity on temporal stability of biomass production. Besides,
one important finding from an experiment is that, diversity-stability
mechanisms are altered in invaded ecosystems compared with native
ones they replaced. In native ecosystems, stability was related to species
asynchrony, whereas in the invaded ecosystems, stability was de-
termined by the dominance of species (Wilsey et al., 2014).

In this study, to explore the diversity-stability relationship and its
underlying mechanisms in restored forest ecosystem, we determined
the effects of diversity (including species richness and phylogenetic
diversity) on temporal stability of productivity across four plantation
forests over 30 years of restoration. The four forests included a mixed
Eucalyptus plantation (EE), an Acacia mangium monoculture (AM), a
mixed native species plantation (NS), and a mixed coniferous plantation
(MC). They are typical and representative of plantation forests in
southern China (Duan et al., 2010). We expected that the stability
would enhance during the course of the forest restoration, however the
underlying mechanisms determining the stability would differ among
the forest ecosystems. Specifically, we hypothesized that: (1) there are
much stronger correlations between diversity and stability in mixed
species plantation than monoculture, (2) the stability of dominant
species will be the primary driver of community stability because of the
greater contribution of dominant species to community productivity,
(3) species asynchrony is not an important driver of stability in forests,
due to their slower dynamism.

2. Materials and methods

2.1. Study site

The study area was situated in the Heshan National Field Research
Station of Forest Ecosystem, Chinese Academy of Science (112°50′E,
22°34′N), Heshan City, Guangdong, South China. This area is char-
acterized by a typical subtropical monsoon climate with a mean annual
temperature of 21.7 °C and a mean annual rainfall of 1700 mm (Wang
et al., 2010). Most rainfall occurs between May and September. The soil
in this region is an Acrisol. Previously, the degradation of forests led to
severe soil and water erosions. In 1984, to restore the degraded forest
ecosystems in this region, four experimental plantations of various tree
species were established at the station. The EE site (1.79 ha) was a
mixed Eucalyptus plantation and the main established species were
Eucalyptus exserta, Eucalyptus citriodora, and Eucalyptus camaldulensis.
The AM site (4.58 ha) was a leguminous Acacia mangium monoculture.
The MC site (3.17 ha) was a mixed-conifer plantation and the main
established species were Cunninghamia lanceolata and Pinus massoniana.
The NS site (2.68 ha) was a mixed-native species plantation and the
main established species were Schima superba and Schima wallichii. The
plantations were established with 1-year-old saplings spaced
2.5 m × 2.5 m apart. All four plantations had been left to grow natu-
rally without anthropogenic disturbance.
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2.2. Inventory of plant biomass

Community inventories have been carried out 9 times every
2–3 years since 1995. From 1995 to 2000, sixteen 5 m× 5 m plots were
randomly established in each plantation and inventoried, after which
the sixteen plots were combined and enlarged to 9 plots of
10 m× 10 m due to the gradually growth of the trees (a list of species is
provided in Table A1). To assess the relative importance of overstory
plants and understory plants in determining the community-level di-
versity-stability relationship, individuals were divided into tree layer
(height > 3 m), shrub layer (all other woody plants) and herbaceous
layer at each inventory. We measured the height of each individual,
tree diameter at breast height (DBH), and the basal diameter of all
shrubs, and all individuals with a DBH > 1 cm were recorded. The
allometric equations based on the DBH and height were applied to
calculate biomass for trees and shrubs in each plantation (Chen et al.,
2015). The equations and summary statistics are provided in Table A2.

2.3. Community phylogenetic tree

We estimated phylogenetic relationships of all recorded species of
each plantation since the beginning of monitoring. We used a recently
published plant phylogeny (Yu et al., 2019), which (Fig. A1) was de-
rived from DNA sequencing data, including chloroplast (rbcL, matK,
psbA-trnH) and nuclear (ITS) regions. All genetic sequences were col-
lected from NCBI GenBank (Benson et al., 2008) and are listed in Table
A3. We aligned all sequences using Clustal X2.1 (Larkin et al., 2007)
and edited gene fragments in Geneious 7.1.4 (Kearse et al., 2012). We

defined Amborella trichopoda as the outgroup species for each phylo-
geny as it was believed to be representative of early divergence in plant
evolution. We estimated a maximum likelihood phylogeny using
RAxML software (Stamatakis, 2006), along with rapid bootstrap ana-
lysis and search for the best-scoring tree using 1000 runs.

2.4. Community stability

We defined the community temporal stability as μ/σ (Lehman and
Tilman, 2000), where μ and σ represent the inter-annual mean and
standard deviation of community productivity for every sampling year,
respectively. To determine the role of dominant species (trees and
shrubs) (Table A4) for community stability, we selected the species
based on its relative abundance and biomass, and calculated their
temporal stability in the same way.

2.5. Species asynchrony

Species asynchrony was quantified as 1 2

( )
N i1

(Loreau and de

Mazancourt, 2008), where σ2 is the inter-annual variance of community
productivity and i is the inter-annual standard deviation of pro-
ductivity of species i in a community with N species. Species asyn-
chrony reflects that the asynchronous dynamics across species to en-
vironmental fluctuation or disturbances.

2.6. Statistical analysis

We defined species richness (SR) as the total number of species

Fig. 1. Temporal variation trend of total community productivity (a-b) and productivity of dominant and non-dominant species (c-d) in the four subtropical
plantation forests over 30 years of restoration. In the left panel (a-b), solid and open dots represent the mixed Eucalyptus plantation (EE) and Acacia mangium
monoculture (AM), respectively; solid and open triangles represent the mixed native species plantation (NS) and mixed coniferous plantation (MC), respectively. In
the right panel (c-d), blank bars represent dominant tree or shrub species, while black bars represent non-dominant tree or shrub species.
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recorded in plots at each inventory. To estimate the evolutionary re-
latedness among species, we used phylogenetic diversity (PD), which is
defined as the total phylogenetic distance among species. The related
analysis was conducted in R package “picante” (Kembel et al., 2010).
Ordinary least squares (OLS) regression analysis was used to examine
the relationships of time with community productivity, community
stability, community diversity and species asynchrony. Repeated mea-
sures ANOVA was used to test differences in productivity, species
richness, phylogenetic diversity, community stability and species
asynchrony among four forests in SPSS18.0 (SPSS Inc., Chicago, IL,
USA).

Drawing upon previous literatures, we developed a multivariate
hypothesis about the drivers of community stability in a conceptual
model (Fig. A2). Structural equation modeling (SEM) (Wilsey et al.,
2014) was employed to estimate the direct and indirect effects species
richness, phylogenetic diversity and dominant species stability through
species asynchrony on community stability. Adequacy of the model was
determined using a Chi-squared test, the root-square-mean errors of
approximation (RMSEA), and Akaike Information Criterion (AIC) va-
lues. Adequate model fits were indicated by a nonsignifcant chi-squared
test (P > 0.05), low RMSEA (<0.08) and low AIC. SEM analyses were
performed using AMOS 22.0 (Amos Development Co., Greene, Maine,
USA).

3. Results

3.1. Community productivity

Although the total productivity of each plantation fluctuated during
restoration process, the generally rising trends were detected (Fig. 1a,
b). And the increasing trend was statistically significant in EE
(R2 = 0.7473, P = 0.0056), AM (R2 = 0.4920, P = 0.0352) and NS
(R2 = 0.5500, P= 0.0222), but not in MC (R2 = 0.0813, P= 0.5355).
The productivity of the dominant species exhibited the main con-
tribution to total community productivity in both the tree and shrub
layers across the four plantations (Fig. 1c).

3.2. Community diversity

Species richness and phylogenetic diversity across all plantations
also increased over time (Fig. 2a, b). Species richness in the four
plantations augmented significantly as succession proceeded (EE,
R2 = 0.9134, P = 0.008; AM, R2 = 0.7703, P = 0.0042; NS,
R2 = 0.8533, P = 0.0010; MC, R2 = 0.9394, P = 0.003; respectively).
PD also augmented remarkably with time in EE, NS, and MC (EE,
R2 = 0.8588, P = 0.0027; NS, R2 = 0.6911, P = 0.0105; MC,
R2 = 0.9589, P < 0.0001; respectively), but no obvious trend of in-
creasing PD was detected in AM (R2 = 0.1946, P = 0.2741). PD in MC
was significantly higher than those in EE and AM (Fig. 2d, EE,
P = 0.006; AM, P = 0.003).

3.3. Community stability

Community stability increased obviously over time in EE, NS and
MC, but no significant trend was detected in AM (Fig. 3a, b;
R2 = 0.2350, P = 0.2703). Community stability of NS and AM were
significantly higher than that of MC (NS, P = 0.014; AM, P = 0.008),
while there was no significant difference of community stability be-
tween MC and EE (Fig. 3c).

3.4. Species asynchrony

Overall, the asynchrony of tree species augmented non-significantly
with time when all plantations were combined (Fig. 4a; R2 = 0.0486,
P = 0.2416), whereas a significant trend of decreasing asynchrony of
shrub species across all plantations was observed (Fig. 4b; R2 = 0.4232,

P < 0.0001). Asynchrony of tree species increased remarkably with
time in EE and MC (EE, R2 = 0.6918, P = 0.0203; MC, R2 = 0.7415,
P = 0.0128) while asynchrony of shrub species decreased prominently
with time in AM (R2 = 0.6801, P= 0.0118). Species asynchrony of EE,
NS and MC in the tree layer were higher than that in the shrub layer,
while the species asynchrony of AM in the shrub layer was much higher
than that in the tree layer (Fig. 4c). Besides, the species asynchrony of
AM in the tree layer was significantly lower than that of other planta-
tions (P < 0.0001).

3.5. Factors influencing community stability

Community stability was significantly positively correlated with
phylogenetic diversity and species richness (Fig. 5a, b, c, d) in EE, NS
and MC rather than in AM. The stability of dominant tree biomass was
remarkably positively related to community stability in EE, AM and NS
rather than MC (Fig. 5e, f), while community stability was unaffected
by the stability of dominant shrub biomass in each plantation (Fig. A3).
Regression analyses showed that community stability firstly decreased
and then increased with the asynchrony of tree species in EE, AM and
NS. However, an opposite pattern of relationship between community
stability and asynchrony of shrub species was observed in each plan-
tation (Fig. A4). Community stability of EE and MC were positively
related to the asynchrony of tree species, while community stability of
EE, AM and NS first increased then decreased with the asynchrony of
shrub species. Species richness and phylogenetic diversity were posi-
tively correlated with asynchrony of tree species across in MC (Fig. 6),
but negatively related to asynchrony of shrub species in NS and MC
(Fig. A5). We found no significant relationship between phylogenetic
diversity and asynchrony of tree species in EE, AM and NS. The asyn-
chrony of tree species in EE, AM and NS was also unaffected by species
richness. Similarly, there was no significant correlation of asynchrony
of shrub species in EE and AM with species richness and phylogenetic
diversity.

Structural equitation modelling (SEM) revealed that both stability of
dominant tree biomass and species richness had significant and direct
influence on community stability (Fig. 7). Community stability was
unaffected by species richness and phylogenetic diversity indirectly,
through changing species asynchrony. Species asynchrony of tree layer
was negatively related to community stability, which was not a sig-
nificant factor in the SEM. In contrast to species richness, the stability of
dominant tree species was the most important variable which directly
influenced community stability.

4. Discussion

Consistent with our hypothesis, we found that both species richness
and phylogenetic diversity significantly stabilize community biomass in
mixed species plantation rather than Acacia mangium monoculture over
the 30-year succession period. Species asynchrony was not a significant
factor that contributing to stabilizing community biomass. Overall, the
studied forest community stability was mainly determined by that of
dominant tree species, and to a lesser extent, by the species richness.

4.1. Dynamics of community productivity, species diversity and asynchrony

To assess the relative importance of diversity-stability relationship
in overstory and understory plants, we measured both the canopy tree
and understory shrub productivity across four plantation forests. Our
results showed that productivity of the dominant species in the tree
layer contribute substantially to the total community productivity of
each plantation, this is consistent with that of previous studies
(Whittaker, 1965; Grime, 1998; Geider et al., 2001). During 30 years of
restoration, we found that the total productivity of each plantation
fluctuated. One possible interpretation is that some trees die from ty-
phoons and pests (Kauffman and Cole, 2010; Boyd et al., 2013). And
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sampling errors may also account for the fluctuating biomass. The total
productivity across four plantations increased with time, but no obvious
trend was detected in MC (Fig. 1b). This could be explained by that the
main established species Cunninghamia lanceolata and Pinus massoniana
are fast-growing during 1995–2003, subsequently these dominant
species began to degenerate.

Species richness and phylogenetic diversity across all types of
plantation increased over time, indicating that biodiversity in the
plantations were gradually recovering as expected. Besides, species
richness in NS and EE were higher than that in AM and MC, while PD in
NS and MC were higher than that in EE and AM. One possible ex-
planation is that the main established tree species of EE and AM are
fast-growing, as well as progressively degenerated. However, the
mixed-species plantations recruited more understory vegetations than
monoculture (Duan et al., 2010). Hence, plantations consisting of
mixed native species are preferable for enhancing taxonomic and
phylogenetic diversity, given the fact that native species are more
adaptable to local environmental conditions than are exotic species
(Duan et al., 2010).

Temporal variation in species asynchrony in the tree layer and
shrub layer were found to be opposite when all plantations were put
together. Besides species asynchrony of all plantations except AM in the
tree layer were higher than that in the shrub layer. Species richness and
phylogenetic diversity were markedly positively correlated with species
asynchrony of tree layer in MC, but significantly negatively related to
species asynchrony of shrub layer in NS and MC. In general, community

composition is highly affected by several different factors including
environmental conditions (especially the light environment), the
structural characteristics of the planted species, litter production, de-
composition rates, and the availability of critical nutrients (Duan et al.,
2010). For overstory plants, the established species not only occupied
the niches in advance and they were also highly competitive for
available resources. Under this circumstance, the species asynchrony in
the tree layer were higher than that in the shrub layer. Besides, the
species asynchrony in the tree layer across all plantations augmented
with time, whereas a significant trend of decreasing species asynchrony
in the shrub layer was observed (Fig. 4). However, the lower species
asynchrony in the tree layer of Acacia mangium plantation may result
from the accumulation of litter, which is not decomposing rapidly, and
might be serving as a physical barrier to seed germination and sapling
growth of woody species (Parrotta, 1995; Duan et al., 2010). Above all,
niche differentiation among mixed species plantation may result in
asynchronous responses of species to changeable environments (Loreau
and de Mazancourt, 2008). The positive diversity-asynchrony re-
lationship was reported in previous studies (Xu et al., 2015; Zhang
et al., 2018;), but in our analysis, a positive relationship between di-
versity and asynchrony of tree species was determined only in MC, and
negative relationship between diversity and asynchrony of shrub spe-
cies was found in NS and MC. This may explained by that, MC not only
has higher phylogenetic diversity, but also the tree species of MC re-
spond to changing environments more faster and stronger than that of
species in other forests.

Fig. 2. Temporal variation trend (a-b) and average species richness and phylogenetic diversity (c-d) of four subtropical forests over 30 years of restoration. In the left
panel (a-b), solid and open dots represent the mixed Eucalyptus plantation (EE) and Acacia mangium monoculture (AM), respectively; solid and open triangles
represent the mixed native species plantation (NS) and mixed coniferous plantation (MC), respectively. Shared letters in the right panel (c-d) indicate that are not
significantly different from each other (significance level of 0.05).
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4.2. Relating structural attributes to community stability

Overall, community stability of each plantation augmented as suc-
cession proceeded. Community stability increased obviously over time
in EE, NS and MC, but no significant trend was observed in AM (Fig. 3).
Many studies in grasslands and forests have shown that diverse com-
munities have more temporally stable biomass production than less
diverse communities (Campbell et al., 2011; Jucker et al., 2014;
Ouyang et al., 2016), and our results show that mixed species planta-
tions have more significantly stable biomass production than mono-
culture. The study results of relationship between diversity and stability
are quite different in grasslands. Most of case studies have shown that
species richness is a key driver of stabilizing the biomass (Campbell
et al., 2011; Gross et al., 2014). Moreover, results from 16 grassland
biodiversity studies revealed that species richness rather than phylo-
genetic diversity affected temporal stability (Venail et al., 2015).
However, another three case studies also revealed the influence of
phylogenetic diversity on stability of plant biomass: positive (Cadotte
et al., 2009), negative (Venail et al., 2013) and nonlinear (Pu et al.,
2014) relationship between phylogenetic diversity and stability, re-
spectively. In our study, community stability was significantly posi-
tively correlated with phylogenetic diversity and species richness in
mixed species plantation rather than monoculture. In view of the fact
that species maximize fitness under different environmental conditions
has significant implications for diversity-stability relationships. This
signifies that mixed forests remain productive than monoculture under
a wide range of environmental conditions (Tilman, 1999).

Consequently, mixed species forests will tend to stabilize productivity.
Our results support findings of previous forest studies (Jucker et al.,
2014; Morin et al., 2014; Ouyang et al., 2016).

Previous studies have also suggested that species asynchrony is a
key driver of stability in grasslands (Hector et al., 2010; Xu et al., 2015;
Sasaki et al., 2019). However, regression analyses indicated an insig-
nificant relationship between tree species asynchrony and community
stability in EE and NS. Moreover, asynchrony of tree species was not a
significant factor in the SEM when combining all plantations during
30 years of restoration (Fig. 7). Due to the long life span of trees, the
inability of forests to instantly adjust their species compositions to ac-
commodate fluctuating environments that weaken the importance of
species asynchrony as a promoter of stability. But, some recent studies
have revealed that the asynchrony of tree species drove the stabilizing
effect of diversity in a small time scale, (Aussenac et al., 2017; Aussenac
et al., 2019). Therefore, whether the species asynchrony is an important
determinant in forest systems remains to test at a sufficiently long time
scale. A recent research revealed the scale-dependence of the me-
chanisms of stability, through developing a partitioning framework that
bridged the variability and synchrony measures across spatial scales
and organizational levels (Wang et al., 2019). And this framework will
provide a useful toolbox for future empirical studies of community
productivity stability across scales in natural ecosystems.

According to the results of regression analyses and SEM, the stabi-
lity of dominant tree species had primary influence on community
stability, which were consistent with results of previous studies (Smith
and Knapp, 2003; Hillebrand et al., 2008; Yang et al., 2011). The

Fig. 3. Temporal variation trend (a-b) and mean community stability (c) of four subtropical forests during 30 years of restoration. Solid and open dots represent the
mixed Eucalyptus plantation (EE) and Acacia mangium monoculture (AM), respectively; solid and open triangles represent the mixed native species plantation (NS)
and mixed coniferous plantation (MC), respectively. Shared letters in (c) indicate that are not significantly different from each other (significance level of 0.05).
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portfolio effect is particularly important for communities that exhibit
high species evenness when biomass is evenly distributed among spe-
cies (Hillebrand et al., 2008; Yang et al., 2011). But when communities
are dominated by several species, the temporal change of these domi-
nant species is likely to be a more important promoter of community
stability. Because evenness often responds more rapidly to altered en-
vironment than other ecosystem property like species richness, which
might lead to rapid responses in ecosystem functions (Chapin et al.,
2000). In additional, changes in population stability in response to
changes of environmental conditions may convert into changes in sta-
bility at the community level, especially when communities are domi-
nated by a small number of species (Polley et al., 2007; Xu et al., 2015).

4.3. Implications for forest management and conservation

There is an increasing concern that if biodiversity loss continues,
which will have important influences on ecosystem functions and
human well-being (Cardinale, 2012). Traditionally, managing forests
with the goals of promoting diversity has been recognized as largely
incompatible with the requirements of forests production (Seidl et al.,
2014). However, both species richness and phylogenetic diversity have
significantly positive effects on stability of biomass in our study, sup-
porting the idea that diverse forests have more stable biomass pro-
duction than monoculture. With the objective of enhancing taxonomic
and phylogenetic diversity, plantations consisting of mixed native
species are preferable. It is worthy to point out that the stability of
dominant tree species was the primary factor which directly influences

community stability. Thereby, we suggest policy makers paying more
attentions to overstory dominant species when developing new forest
management strategies.

5. Conclusion

Here, we analyzed the relationships between woody plant diversity
and productivity stability along 30 years of restoration (1985–2015) in
four types of subtropical forest. Our results showed that both species
richness and phylogenetic diversity significantly stabilized community
productivity in the mixed species plantations instead of the monoculture
during the 30-year restoration period. Notably, species asynchrony was
not a significant factor contributing to the forest productivity stability.
Instead, community stability was mainly driven by that of dominant tree
species, and to a lesser extent, by the species richness. We highlight the
important role of dominant tree species instead of species asynchrony in
maintaining forest ecosystems productivity during the course of the 30-
year restoration. The relationship between diversity and stability has in-
terested ecologists for decades due to its complicacy problem. Much of the
complexity results from the different definitions of diversity and stability,
as well as the context in which an ecosystem is disturbed. Besides, an-
thropogenic changes also impact stability and diversity simultaneously,
diversity-stability relationships cannot be understood outside the context
of the changing environment. In short, we can not expect a general con-
clusion about the diversity-stability relationship, but we need to explore
the exact and comprehensive mechanisms behind different study contexts
in the future.

Fig. 4. Temporal variation trend (a-b) and mean species asynchrony (c) in the tree and shrub layers of four subtropical forests over 30 years of restoration. Solid and
open dots represent the mixed Eucalyptus plantation (EE) and Acacia mangium monoculture (AM), respectively; solid and open triangles represent the mixed native
species plantation (NS) and mixed coniferous plantation (MC), respectively. Dark red regression indicate EE, dark green regression indicate AM, dark blue regression
indicate NS, and dark grey regression indicate MC; the black regression the four plantations combined. The dark red in (c) is the tree layer; dark yellow is the shrub
layer. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 5. Relationships between community
stability and phylogenetic diversity (a-b),
species richness (c-d), and species asyn-
chrony of tree (c-d) and shrub (e-f) layers of
four subtropical forests in the tree layer
during 30 years of restoration. Solid and
open dots represent the mixed Eucalyptus
plantation (EE) and Acacia mangium mono-
culture (AM), respectively; solid and open
triangles represent the mixed native species
plantation (NS) and mixed coniferous plan-
tation (MC), respectively. Dark red, EE; dark
green, AM; dark blue, NS; dark grey, MC.
(For interpretation of the references to
colour in this figure legend, the reader is
referred to the web version of this article.)

Q. Yu, et al. Forest Ecology and Management 457 (2020) 117687

8



Acknowledgements

We would like to appreciate the staff of the Heshan National Field
Observation and Research Station of Forest Ecosystem in China.
Financial support was provided by the National Natural Science
Foundation of China (31425005, 31290222, and 31130011), the
National Ten Thousand Talents Program, the Guangdong Province
Baiqianwan Talents Program, and the CAS/SAFEA International
Partnership Program for Creative Research Teams.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.foreco.2019.117687.

References

Allan, E., Manning, P., Alt, F., Binkenstein, J., Blaser, S., Bluethgen, N., Boehm, S.,
Grassein, F., Hoelzel, N., Klaus, V.H., Kleinebecker, T., Morris, E.K., Oelmann, Y.,
Prati, D., Renner, S.C., Rillig, M.C., Schaefer, M., Schloter, M., Schmitt, B., Schoening,
I., Schrumpf, M., Solly, E., Sorkau, E., Steckel, J., Steffen-Dewenter, I., Stempfhuber,
B., Tschapka, M., Weiner, C.N., Weisser, W.W., Werner, M., Westphal, C., Wilcke, W.,
Fischer, M., 2015. Land use intensification alters ecosystem multifunctionality via
loss of biodiversity and changes to functional composition. Ecol. Lett. 18, 834–843.
https://doi.org/10.1111/ele.12469.

Aussenac, R., Bergeron, Y., Gravel, D., Drobyshev, I., 2019. Interactions among trees: a
key element in the stabilising effect of species diversity on forest growth. Funct. Ecol.
33, 360–367. https://doi.org/10.1111/1365-2435.13257.

Fig. 6. The relationships between species asynchrony and phylogenetic diversity (a-b) and species richness (c-d) in the tree layer of four subtropical forests. Dark red,
EE; dark green, AM; dark blue, NS; dark grey, MC. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)

Fig. 7. Structural equation modelling analysis relating phylogenetic diversity,
species asynchrony, dominant species stability and species richness to com-
munity stability. Numbers adjacent to arrows are standardized path coefficients
and indicate the effect size of the relationship. Arrows indicate positive (red
solid) and negative (black dashed) relationships. Percentage close to response
variable indicate the variance explained by the model (R2). Goodness-fit sta-
tistics for model are shown below the mode.* P < 0.05, ** P < 0.01, ***
P < 0.001. χ2 = 2.906, P = 0.406, d.f. = 3; RMSEA = 0.000, AIC = 26.906.
(For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

Q. Yu, et al. Forest Ecology and Management 457 (2020) 117687

9

https://doi.org/10.1016/j.foreco.2019.117687
https://doi.org/10.1016/j.foreco.2019.117687
https://doi.org/10.1111/ele.12469
https://doi.org/10.1111/1365-2435.13257


Aussenac, R., Bergeron, Y., Mekontchou, C.G., Gravel, D., Pilch, K., Drobyshev, I., 2017.
Intraspecific variability in growth response to environmental fluctuations modulates
the stabilizing effect of species diversity on forest growth. J. Ecol. 105, 1832–1832.
doi: 10.1111/1365-2745.12728.

Benson, D.A., Karsch-Mizrachi, I., Lipman, D.J., Ostell, J., Wheeler, D.L., 2008. GenBank.
Nucleic Acids Res. 36, D25–D30. https://doi.org/10.1093/nar/gkm929.

Boyd, I.L., Freer-Smith, P.H., Gilligan, C.A., Godfray, H.C.J., 2013. The consequence of
tree pests and diseases for ecosystem services. Science 342, 1235773. https://doi.
org/10.1126/science.1235773.

Cadotte, M.W., Cavender-Bares, J., Tilman, D., Oakley, T.H., 2009. Using phylogenetic,
functional and trait diversity to understand patterns of plant community pro-
ductivity. PLoS One 4. https://doi.org/10.1371/journal.pone.0005695.

Campbell, V., Murphy, G., Romanuk, T.N., 2011. Experimental design and the outcome
and interpretation of diversity-stability relations. Oikos 120, 399–408. https://doi.
org/10.1111/j.1600-0706.2010.18768.x.

Cardinale, B.J., 2012. Biodiversity loss and its impact on humanity. Nature 489, 326-326.
doi: 10.1038/nature11373.

Chapin, F.S., Zavaleta, E.S., Eviner, V.T., Naylor, R.L., Vitousek, P.M., Reynolds, H.L.,
Hooper, D.U., Lavorel, S., Sala, O.E., Hobbie, S.E., Mack, M.C., Diaz, S., 2000.
Consequences of changing biodiversity. Nature 405, 234–242. https://doi.org/10.
1038/35012241.

Chen, Y., Liu, Z., Rao, X., Wang, X., Liang, C., Lin, Y., Zhou, L., Cai, X.-A., Fu, S., 2015.
Carbon storage and allocation pattern in plant biomass among different forest plan-
tation stands in guangdong, China. Forests 6, 794–808. https://doi.org/10.3390/
f6030794.

Chiarucci, A., Bacaro, G., Scheiner, S.M., 2011. Old and new challenges in using species
diversity for assessing biodiversity. Philos. Trans. R. Soc. A 366, 2426–2437. https://
doi.org/10.1098/rstb.2011.0065.

Deng, L., Liu, S., Kim, D.G., Peng, C., Sweeney, S., Shangguan, Z., 2017. Past and future
carbon sequestration benefits of China’s grain for green program. Global Environ.
Chang. 47, 13–20. https://doi.org/10.1016/j.gloenvcha.2017.09.006.

Duan, W., Ren, H., Fu, S., Wang, J., Zhang, J., Yang, L., Huang, C., 2010. Community
comparison and determinant analysis of understory vegetation in six plantations in
south China. Restor. Ecol. 18, 206–214. https://doi.org/10.1111/j.1526-100X.2008.
00444.x.

Duffy, J.E., Godwin, C.M., Cardinale, B.J., 2017. Biodiversity effects in the wild are
common and as strong as key drivers of productivity. Nature 549, 261. https://doi.
org/10.1038/nature23886.

Gamfeldt, L., Snall, T., Bagchi, R., Jonsson, M., Gustafsson, L., Kjellander, P., Ruiz-Jaen,
M.C., Froberg, M., Stendahl, J., Philipson, C.D., Mikusinski, G., Andersson, E.,
Westerlund, B., Andren, H., Moberg, F., Moen, J., Bengtsson, J., 2013. Higher levels
of multiple ecosystem services are found in forests with more tree species. Nat.
Commun. 4. https://doi.org/10.1038/ncomms2328.

Geider, R.J., Delucia, E.H., Falkowski, P.G., Finzi, A.C., Grime, J.P., Grace, J., Kana, T.M.,
La Roche, J., Long, S.P., Osborne, B.A., Platt, T., Prentice, I.C., Raven, J.A.,
Schlesinger, W.H., Smetacek, V., Stuart, V., Sathyendranath, S., Thomas, R.B.,
Vogelmann, T.C., Williams, P., Woodward, F.I., 2001. Primary productivity of planet
earth: biological determinants and physical constraints in terrestrial and aquatic
habitats. Global Change Biol. 7, 849–882. https://doi.org/10.1046/j.1365-2486.
2001.00448.x.

Gotelli, N.J., Colwell, R.K., 2001. Quantifying biodiversity: procedures and pitfalls in the
measurement and comparison of species richness. Ecol. Lett. 4, 379–391. https://doi.
org/10.1046/j.1461-0248.2001.00230.x.

Grime, J.P., 1998. Benefits of plant diversity to ecosystems: immediate, filter and founder
effects. J. Ecol. 86, 902–910. https://doi.org/10.1046/j.1365-2745.1998.00306.x.

Gross, K., Cardinale, B.J., Fox, J.W., Gonzalez, A., Loreau, M., Polley, H.W., Reich, P.B.,
van Ruijven, J., 2014. Species richness and the temporal stability of biomass pro-
duction: a new analysis of recent biodiversity experiments. Am. Nat. 183, 1–12.
https://doi.org/10.1086/673915.

Hautier, Y., Seabloom, E.W., Borer, E.T., Adler, P.B., Harpole, W.S., Hillebrand, H., Lind,
E.M., MacDougall, A.S., Stevens, C.J., Bakker, J.D., Buckley, Y.M., Chu, C., Collins, S.
L., Daleo, P., Damschen, E.I., Davies, K.F., Fay, P.A., Firn, J., Gruner, D.S., Jin, V.L.,
Klein, J.A., Knops, J.M.H., La Pierre, K.J., Li, W., McCulley, R.L., Melbourne, B.A.,
Moore, J.L., O'Halloran, L.R., Prober, S.M., Risch, A.C., Sankaran, M., Schuetz, M.,
Hector, A., 2014. Eutrophication weakens stabilizing effects of diversity in natural
grasslands. Nature 508, 521-+. doi: 10.1038/nature13014.

Hector, A., Hautier, Y., Saner, P., Wacker, L., Bagchi, R., Joshi, J., Scherer-Lorenzen, M.,
Spehn, E.M., Bazeley-White, E., Weilenmann, M., Caldeira, M.C., Dimitrakopoulos,
P.G., Finn, J.A., Huss-Danell, K., Jumpponen, A., Mulder, C.P.H., Palmborg, C.,
Pereira, J.S., Siamantziouras, A.S.D., Terry, A.C., Troumbis, A.Y., Schmid, B., Loreau,
M., 2010. General stabilizing effects of plant diversity on grassland productivity
through population asynchrony and overyielding. Ecology 91, 2213–2220. https://
doi.org/10.1890/09-1162.1.

Hillebrand, H., Bennett, D.M., Cadotte, M.W., 2008. Consequences of dominance: a re-
view of evenness effects on local and regional ecosystem processes. Ecology 89,
1510–1520. https://doi.org/10.1890/07-1053.1.

Huang, Y., Chen, Y., Castro-Izaguirre, N., Baruffol, M., Brezzi, M., Lang, A., Li, Y.,
Haerdtle, W., von Oheimb, G., Yang, X., Liu, X., Pei, K., Both, S., Yang, B.,
Eichenberg, D., Assmann, T., Bauhus, J., Behrens, T., Buscot, F., Chen, X.-Y., Chesters,
D., Ding, B.-Y., Durka, W., Erfmeier, A., Fang, J., Fischer, M., Guo, L.-D., Guo, D.,
Gutknecht, J.L.M., He, J.-S., He, C.-L., Hector, A., Hoenig, L., Hu, R.-Y., Klein, A.-M.,
Kuehn, P., Liang, Y., Li, S., Michalski, S., Scherer-Lorenzen, M., Schmidt, K., Scholten,
T., Schuldt, A., Shi, X., Tan, M.-Z., Tang, Z., Trogisch, S., Wang, Z., Welk, E., Wirth,
C., Wubet, T., Xiang, W., Yu, M., Yu, X.-D., Zhang, J., Zhang, S., Zhang, N., Zhou, H.-
Z., Zhu, C.-D., Zhu, L., Bruelheide, H., Ma, K., Niklaus, P.A., Schmid, B., 2018.
Impacts of species richness on productivity in a large-scale subtropical forest

experiment. Science 362, 80-+. https://doi.org/10.1126/science.aat6405.
Isbell, F.I., Polley, H.W., Wilsey, B.J., 2009. Biodiversity, productivity and the temporal

stability of productivity: patterns and processes. Ecol. Lett. 12, 443–451. https://doi.
org/10.1111/j.1461-0248.2009.01299.x.

Jackson, S.T., Hobbs, R.J., 2009. Ecological restoration in the light of ecological history.
Science 325, 567–569. https://doi.org/10.1126/science.1172977.

Jucker, T., Bouriaud, O., Avacaritei, D., Coomes, D.A., 2014. Stabilizing effects of di-
versity on aboveground wood production in forest ecosystems: linking patterns and
processes. Ecol. Lett. 17, 1560–1569. https://doi.org/10.1111/ele.12382.

Kauffman, J.B., Cole, T.G., 2010. Micronesian mangrove forest structure and tree re-
sponses to a severe typhoon. Wetlands 30, 1077–1084. https://doi.org/10.1007/
s13157-010-0114-y.

Kearse, M., Moir, R., Wilson, A., Stones-Havas, S., Cheung, M., Sturrock, S., Buxton, S.,
Cooper, A., Markowitz, S., Duran, C., Thierer, T., Ashton, B., Mentjies, P., Drummond,
A., 2012. Geneious Basic: an integrated and extendable desktop software platform for
the organization and analysis of sequence data. Bioinform 28, 1647–1649.

Kembel, S.W., Cowan, P.D., Helmus, M.R., Cornwell, W.K., Morlon, H., Ackerly, D.D.,
Blomberg, S.P., Webb, C.O., 2010. Picante: R tools for integrating phylogenies and
ecology. Bioinformatics 26, 1463–1464.

Larkin, M.A., Blackshields, G., Brown, N.P., Chenna, R., McGettigan, P.A., McWilliam, H.,
Valentin, F., Wallace, I.M., Wilm, A., Lopez, R., Thompson, J.D., Gibson, T.J.,
Higgins, D.G., 2007. Clustal W and clustal X version 2.0. Bioinformatics 23,
2947–2948.

Lasky, J.R., Uriarte, M., Boukili, V.K., Erickson, D.L., Kress, W.J., Chazdon, R.L., 2014.
The relationship between tree biodiversity and biomass dynamics changes with tro-
pical forest succession. Ecol. Lett. 17, 1478–1478. doi:10.1111/ele.12370.

Lehman, C.L., Tilman, D., 2000. Biodiversity, stability, and productivity in competitive
communities. Am. Nat. 156, 534–552. https://doi.org/10.1086/303402.

Loreau, M., de Mazancourt, C., 2008. Species synchrony and its drivers: neutral and
nonneutral community dynamics in fluctuating environments. Am. Nat. 172,
E48–E66. https://doi.org/10.1086/589746.

McGrady-Steed, J., Harris, P.M., Morin, P.J., 1997. Biodiversity regulates ecosystem
predictability. Nature 390, 162–165.

Morin, X., Fahse, L., de Mazancourt, C., Scherer-Lorenzen, M., Bugmann, H., 2014.
Temporal stability in forest productivity increases with tree diversity due to asyn-
chrony in species dynamics. Ecol. Lett. 17, 1526–1535. https://doi.org/10.1111/ele.
12357.

Ouyang, S., Xiang, W., Wang, X., Zeng, Y., Lei, P., Deng, X., Peng, C., 2016. Significant
effects of biodiversity on forest biomass during the succession of subtropical forest in
south China. Forest Ecol. Manage. 372, 291–302. https://doi.org/10.1016/j.foreco.
2016.04.020.

Parrotta, J.A., 1995. Influence of overstory composition on understory colonization by
native species in plantations on a degraded tropical site. J. Veg. Sci. 6, 627–636.

Polley, H.W., Wilsey, B.J., Derner, J.D., 2007. Dominant species constrain effects of
species diversity on temporal variability in biomass production of tallgrass prairie.
Oikos 116, 2044–2052. https://doi.org/10.1111/j.2007.0030-1299.16080.x.

Pu, Z., Daya, P., Tan, J., Jiang, L., 2014. Phylogenetic diversity stabilizes community
biomass. J. Plant Ecol. 7, 176–187. https://doi.org/10.1093/jpe/rtt071.

Rey Benayas, J.M., Newton, A.C., Diaz, A., Bullock, J.M., 2009. Enhancement of biodi-
versity and ecosystem services by ecological restoration: a meta-analysis. Science
325, 1121–1124. https://doi.org/10.1126/science.1172460.

Sasaki, T., Lu, X., Hirota, M., Bai, Y., 2019. Species asynchrony and response diversity
determine multifunctional stability of natural grasslands. J. Ecol. 00, 1–14. https://
doi.org/10.1111/1365-2745.13151.

Seidl, R., Schelhaas, M.-J., Rammer, W., Verkerk, P.J., 2014. Increasing forest dis-
turbances in Europe and their impact on carbon storage. Nat. Clim. Change 4,
930–930. doi: 10.1038/nclimate2393.

Smith, M.D., Knapp, A.K., 2003. Dominant species maintain ecosystem function with non-
random species loss. Ecol. Lett. 6, 509–517. https://doi.org/10.1046/j.1461-0248.
2003.00454.x.

SPSS Inc. Released 2009. PASW Statistics for Windows, Version 18.0. Chicago: SPSS Inc.
Stamatakis, A., 2006. RAxML-VI-HPC: maximum likelihood-based phylogenetic analyses

with thousands of taxa and mixed models. Bioinform 22, 2688–2690.
Stanturf, J.A., Palik, B.J., Dumroese, R.K., 2014. Contemporary forest restoration: a re-

view emphasizing function. Forest Ecol. Manag. 331, 292–323. https://doi.org/10.
1016/j.foreco.2014.07.029.

Tilman, D., 1996. Biodiversity: population vs ecosystem stability. Ecology 77, 350–363.
Tilman, D., 1999. The ecological consequences of changes in biodiversity: a search for

general principles. Ecology 80, 1455–1474.
Venail, P., Alexandrou, M.A., Oakley, T.H., Cardinale, B.J., 2013. Shared ancestry influ-

ences community stability by altering competitive interactions: evidence from an
experiment using freshwater green algae. Proc. R. Soc. B Biol. Sci. 280, 20131548.
https://doi.org/10.1098/rspb.2013.1548.

Venail, P., Gross, K., Oakley, T.H., Narwani, A., Allan, E., Flombaum, P., Isbell, F., Joshi,
J., Reich, P.B., Tilman, D., van Ruijven, J., Cardinale, B.J., 2015. Species richness, but
not phylogenetic diversity, influences community biomass production and temporal
stability in a re-examination of 16 grassland biodiversity studies. Funct. Ecol. 29,
615–626. https://doi.org/10.1111/1365-2435.12432.

Wang, F.M., Zhu, W.X., Xia, H.P., Fu, S.L., Li, Z.A., 2010. Nitrogen mineralization and
leaching in the early stages of a subtropical afforestation in southern China. Restor.
Ecol. 18, 313–322.

Wang, S., Lamy, T., Hallett, L.M., Loreau, M., 2019. Stability and synchrony across eco-
logical hierarchies in heterogeneous metacommunities: linking theory to data.
Ecography. https://doi.org/10.1111/ecog.04290.

Whittaker, R.H., 1965. Dominance and diversity in land plant communities-numerical
relations of species express importance of competition in community function and

Q. Yu, et al. Forest Ecology and Management 457 (2020) 117687

10

https://doi.org/10.1093/nar/gkm929
https://doi.org/10.1126/science.1235773
https://doi.org/10.1126/science.1235773
https://doi.org/10.1371/journal.pone.0005695
https://doi.org/10.1111/j.1600-0706.2010.18768.x
https://doi.org/10.1111/j.1600-0706.2010.18768.x
https://doi.org/10.1038/35012241
https://doi.org/10.1038/35012241
https://doi.org/10.3390/f6030794
https://doi.org/10.3390/f6030794
https://doi.org/10.1098/rstb.2011.0065
https://doi.org/10.1098/rstb.2011.0065
https://doi.org/10.1016/j.gloenvcha.2017.09.006
https://doi.org/10.1111/j.1526-100X.2008.00444.x
https://doi.org/10.1111/j.1526-100X.2008.00444.x
https://doi.org/10.1038/nature23886
https://doi.org/10.1038/nature23886
https://doi.org/10.1038/ncomms2328
https://doi.org/10.1046/j.1365-2486.2001.00448.x
https://doi.org/10.1046/j.1365-2486.2001.00448.x
https://doi.org/10.1046/j.1461-0248.2001.00230.x
https://doi.org/10.1046/j.1461-0248.2001.00230.x
https://doi.org/10.1046/j.1365-2745.1998.00306.x
https://doi.org/10.1086/673915
https://doi.org/10.1890/09-1162.1
https://doi.org/10.1890/09-1162.1
https://doi.org/10.1890/07-1053.1
https://doi.org/10.1126/science.aat6405
https://doi.org/10.1111/j.1461-0248.2009.01299.x
https://doi.org/10.1111/j.1461-0248.2009.01299.x
https://doi.org/10.1126/science.1172977
https://doi.org/10.1111/ele.12382
https://doi.org/10.1007/s13157-010-0114-y
https://doi.org/10.1007/s13157-010-0114-y
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0140
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0140
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0140
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0140
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0145
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0145
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0145
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0150
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0150
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0150
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0150
https://doi.org/10.1086/303402
https://doi.org/10.1086/589746
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0170
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0170
https://doi.org/10.1111/ele.12357
https://doi.org/10.1111/ele.12357
https://doi.org/10.1016/j.foreco.2016.04.020
https://doi.org/10.1016/j.foreco.2016.04.020
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0185
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0185
https://doi.org/10.1111/j.2007.0030-1299.16080.x
https://doi.org/10.1093/jpe/rtt071
https://doi.org/10.1126/science.1172460
https://doi.org/10.1111/1365-2745.13151
https://doi.org/10.1111/1365-2745.13151
https://doi.org/10.1046/j.1461-0248.2003.00454.x
https://doi.org/10.1046/j.1461-0248.2003.00454.x
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0225
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0225
https://doi.org/10.1016/j.foreco.2014.07.029
https://doi.org/10.1016/j.foreco.2014.07.029
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0235
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0240
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0240
https://doi.org/10.1098/rspb.2013.1548
https://doi.org/10.1111/1365-2435.12432
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0255
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0255
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0255
https://doi.org/10.1111/ecog.04290


evolution. Science 147, 250-+. https://doi.org/10.1126/science.147.3655.250.
Wilsey, B.J., Daneshgar, P.P., Hofmockel, K., Polley, H.W., 2014. Invaded grassland

communities have altered stability-maintenance mechanisms but equal stability
compared to native communities. Ecol. Lett. 17, 92–100. https://doi.org/10.1111/
ele.12213.

Xu, Z., Ren, H., Li, M.-H., van Ruijven, J., Han, X., Wan, S., Li, H., Yu, Q., Jiang, Y., Jiang,
L., 2015. Environmental changes drive the temporal stability of semi-arid natural
grasslands through altering species asynchrony. J. Ecol. 103, 1308–1316. https://doi.
org/10.1111/1365-2745.12441.

Yachi, S., Loreau, M., 1999. Biodiversity and ecosystem productivity in a fluctuating
environment: the insurance hypothesis. Proc. Natl. Acad. Sci. U.S.A. 96, 1463–1468.

Yang, Z., van Ruijven, J., Du, G., 2011. The effects of long-term fertilization on the
temporal stability of alpine meadow communities. Plant Soil 345, 315–324. https://
doi.org/10.1007/s11104-011-0784-0.

Yu, Q., Rao, X., Ouyang, S., Xu, Y., Hanif, A., Ni, Z., Sun, D., He, D., Shen, W., 2019.
Changes in taxonomic and phylogenetic dissimilarity among four subtropical forest
communities during 30 years of restoration. Forest Ecol. Manag. 432, 983–1001.
https://doi.org/10.1016/j.foreco.2018.10.033.

Zhang, Y., Loreau, M., He, N., Wang, J., Pan, Q., Bai, Y., Han, X., 2018. Climate variability
decreases species richness and community stability in a temperate grassland.
Oecologia 188, 183–192.

Q. Yu, et al. Forest Ecology and Management 457 (2020) 117687

11

https://doi.org/10.1126/science.147.3655.250
https://doi.org/10.1111/ele.12213
https://doi.org/10.1111/ele.12213
https://doi.org/10.1111/1365-2745.12441
https://doi.org/10.1111/1365-2745.12441
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0280
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0280
https://doi.org/10.1007/s11104-011-0784-0
https://doi.org/10.1007/s11104-011-0784-0
https://doi.org/10.1016/j.foreco.2018.10.033
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0295
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0295
http://refhub.elsevier.com/S0378-1127(19)31827-4/h0295

	Species dominance rather than species asynchrony determines the temporal stability of productivity in four subtropical forests along 30 years of restoration
	Introduction
	Materials and methods
	Study site
	Inventory of plant biomass
	Community phylogenetic tree
	Community stability
	Species asynchrony
	Statistical analysis

	Results
	Community productivity
	Community diversity
	Community stability
	Species asynchrony
	Factors influencing community stability

	Discussion
	Dynamics of community productivity, species diversity and asynchrony
	Relating structural attributes to community stability
	Implications for forest management and conservation

	Conclusion
	Acknowledgements
	Supplementary data
	References




