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Abstract: A demographic (growth and mortality) trade-off plays a central role in the assembly and
dynamics of ecological communities and contributes to tree species’ coexistence. On the basis of
field investigation data from the 2010 and 2015 censuses, we evaluated the degrees to which the
relative growth rate (RGR) and mortality rate (MR) of saplings and large trees were related to habitat
filtering for temperate tree species from a 9 ha forest dynamics plot. The results showed that the
relationship between RGR and MR was stronger in saplings than that in large trees. In saplings, the
total P (TP) and organic C (OC) of the soil had a significantly positive correlation with RGR. In large
trees, volumetric water content had a significantly negative correlation with RGR. In saplings, the
bulk density and available P had a significantly positive correlation with MR. In large trees, MR
showed a significantly negative correlation with aspect and a significantly positive correlation with
TP and OC. Principal component analysis showed that species–habitat association status significantly
affected the demographic parameters. A linear regression analysis revealed that the process of habitat
filtering contributed to the ontogenetic variation that controlled RGR and MR as the community
transitioned from saplings to large trees. Moreover, water availability for large trees played a key role
in this process in an old-growth temperate forest.

Keywords: relative growth rate; mortality rate; habitat filtering; water availability; old-growth
temperate forest

1. Introduction

A demographic (growth and mortality) trade-off plays a central role in the assembly
and dynamics of ecological communities [1,2]. Without a proper understanding of the
determinants of tree growth and mortality, our understanding of forest dynamics is limited.
The growth and mortality rates of trees are affected by many factors, which include topog-
raphy [3], water availability [4], and soil nutrients [5]. However, interspecific variation
in demographic performance and intrinsic growth capacities regulate tree growth and
mortality [6]. In addition, environmental factors play a key role. Recent studies have
sought to explicitly link the growth rates to the mortality rates of trees [2]. Birth and death
are mediated by growth, which is usually negatively related to mortality and positively
related to reproduction [7–9]. In other words, the transformation relationship between
growth and mortality rates is dependent on the availability of resources. Trees grow rapidly
when resource availability is high (favourable conditions), whereas trees die when resource
availability is low (unfavourable conditions).

An increasing number of studies have illustrated that growth and mortality rates
change with interspecific variation and tree size [10]. Studies on habitat associations
at different life stages have shown that significant habitat associations may be present
during one life stage of a species and may not be present during other life stages of the
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same species [11–13]. For example, there are stronger relationships between growth and
environmental factors for larger subsets of individuals because of “habitat filtering” [11]. In
a given habitat, only species that can adapt to the habitat are included, and the ecological
environment determines which species in an area can enter and continue to survive in
this environment. The differences within heterogeneous environments that contribute
to tree growth and development include the ability to acquire resources, disperse, and
tolerate stress. In fact, heterogeneous environments that can result in differential water
and nutrient availability are common in nature [14], and the growth and mortality rates of
trees are correlated with soil properties along topographic gradients [15,16]. Topography
is one of the most vital environmental gradients that provides biodiversity to ecological
communities [17], as it can control the light, temperature, and moisture distribution to
influence tree growth and mortality [18]. Soil is considered to be the material basis for plant
survival and growth; spatial heterogeneity of soil nutrients has an important influence on
ecological communities [19]. Additionally, topography often drives the spatial variation
of soil moisture at the local scale, with slope changes controlling species richness and
composition [20,21]. Plants, soil, and topography at different scales are closely linked, and
tree growth and mortality are considered to be easily measurable.

The mixed broadleaved Korean pine (Pinus koraiensis) forest is not only the zonal climax
vegetation in the mountainous regions of northeast China but also a typical representative
of a temperate coniferous and broadleaved mixed forest. In this study, we took advantage
of the data to explore the relationship between the growth and mortality rates of ecological
communities and environmental factors in a mixed broadleaved Korean pine forest dynamic
plot in China to reveal the dominant environmental factors contributing to tree growth and
mortality and to predict the developmental trend of ecological communities. Specifically,
we asked the following research questions:

1. How does the relationship between the growth rate and the mortality rate of trees
change at different life stages?

2. Which environmental factors affect the growth and mortality rates of temperate tree
species in northeast China?

3. Is there evidence of habitat filtering from the sapling stage through the large tree
stage? If there is, how do the trends of growth and mortality of the temperate trees
change along environmental gradients?

Previous studies have documented the effects of habitat heterogeneity and spatial
patterns on trees across multiple life stages [22,23]. We hypothesised that all environmental
factors had the potential to influence tree growth and mortality in the temperate forest and
that the relationship between environmental factors and large trees would have significant
correlations to confirm habitat filtering.

2. Materials and methods
2.1. Study Site and Data Collection

This study was conducted in an old-growth temperate forest, which was a 9 ha forest
dynamic plot (FDP) in the Liangshui National Reserve (47◦10′50′′ N, 128◦57′20′′ E) in
northeastern China. The topography of the plot is highly complex. The altitude of the
rolling mountainous terrain ranges from 280–707 m. The mean annual temperature and
precipitation are −0.3 ◦C and 676 mm, respectively. The mean relative humidity and mean
annual surface soil temperature are 78% and 1.2 ◦C, respectively. The dominant soil is
dark brown soil according to the Chinese soil classification system. The forest is mainly
composed of Pinus koraiensis, Abies nephrolepis, Tilia amurensis, Fraxinus mandshurica, Ulmus
laciniata, Ulmus japonica, Betula costata, and Acer mono.

The 9 ha (300 × 300 m) dynamic plot of typical mixed broadleaved Korean pine forest
was established in 2005. All woody stems with a diameter at breast height (DBH) ≥ 1
cm were measured, tagged, mapped, and identified as species belonging to 20 families,
34 genera, and 48 species. The plot was again investigated in the 2010 and 2015 censuses. In
this paper, we used the data from the 2010 and 2015 censuses. We divided individuals into
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two life stages on the basis of the DBH, which were saplings (1 cm ≤ DBH < 10 cm) and
large trees (DBH ≥ 10 cm) [24]. Relative growth rates (RGRs, cm cm−1 year−1) equalled
[ln (DBHt)-ln (DBH0)]/T, where DBH0 and DBHt represent DBH in the 2010 census and
the 2015 census, respectively. Mortality rates (MR, year−1) equalled [ln (Nt) − ln (N0)]/T,
where Nt and N0 represent the number of trees in 2010 and the number of survivors in
2015, respectively [25]. T represents time, which was 5 years. Calculations of RGR and MR
were performed for species that had at least 20 and 10 individuals at the two life stages in
the 2010 census [1], resulting in sample sizes of 20 and 17 species for saplings and large
trees, respectively (Table 1).

Table 1. RGR (cm cm−1 year−1) and MR (year−1) for saplings (1 cm ≤ DBH < 10 cm) and large trees
(DBH ≥ 10 cm) in the 9 ha dynamic plot of typical mixed broadleaved Korean pine forest.

Tree Species
Saplings

Tree Species
Large Trees

RGR MR RGR MR

Abies nephrdepis 0.049 0.015 Abies nephrdepis 0.008 0.012
Acer pictum subsp. mono 0.025 0.017 Acer pictum subsp. mono 0.007 0.008

Acer tegmentosum 0.047 0.030 Acer tegmentosum 0.020 0.024
Acer ukurunduense 0.040 0.029 Acer ukurunduense 0.013 0.013

Aralia elata 0.061 0.078 Betula costata 0.011 0.012
Betula costata 0.016 0.078 Fraxinus mandschurica 0.018 0.002

Fraxinus mandschurica 0.023 0.081 Phellodendron amurensis 0.019 0.010
Maackia amurensis 0.044 0.030 Picea jezoensis 0.005 0.024

Phellodendron amurensis 0.022 0.138 Picea koraiensis 0.008 0.016
Picea jezoensis 0.039 0.017 Pinus koraiensis 0.005 0.005
Picea koraiensis 0.039 0.016 Populus davidiara 0.011 0.020
Pinus koraiensis 0.041 0.042 Populus ussuriensis 0.039 0.011

Populus ussuriensis 0.020 0.153 Prunus padus 0.009 0.032
Prunus padus 0.030 0.040 Sorbus pohuashanens 0.018 0.010

Quercus mongolica 0.039 0.017 Tilia amurensis 0.009 0.006
Sorbus pohuashanens 0.032 0.046 Tilia mandshurica 0.011 0.008

Tilia amurensis 0.028 0.046 Ulmus laciniata 0.009 0.008
Tilia mandshurica 0.036 0.040
Ulmus japonica 0.031 0.042
Ulmus laciniata 0.028 0.057

2.2. Topographic Indices

For this study, the trees were grouped into 5× 5 m subquadrants. Topographic indices of
habitat were measured, including the elevation (m), slope (o), aspect (o), and convexity (m) in
the FDP. Elevation was measured as the mean of the elevation values at its four corners. Slope
was defined as the mean angular deviation from the horizontal of each of the four triangular
planes formed by connecting three of its corners. Aspect was defined as the direction in which
a slope faces. Convexity was defined as the elevation of the focal subquadrant minus the
mean elevation of the eight subquadrants around each focal subquadrant, and the elevation
of the centre point minus the mean of its four corners for the edge subquadrants [26].

2.3. Soil-Based Indices

We collected three soil samples with a soil corer from a depth of 0–10 cm on the
basis of the 20 m grid of points. Every alternate grid point, which was paired with
two additional sample points, was selected at 2, 5, or 8 m in a random compass direction
(N, NE, E, SE, S, SW, W, or NW) [27]. Eight soil-based indices (bulk density, g cm−3; total
N, mg g−1; available N, mg g−1; total P, mg g−1; available P, mg g−1; organic C, g kg−1;
soil pH; and volumetric water content, cm3 cm−3) were measured to describe the soil
environment in the FDP. Soil values for each subquadrant were calculated using kriging
methods. Topographical and soil-based indices corresponded to each live and dead tree
within each 5 × 5 m subquadrant, with means calculated for the saplings and large trees of
each species.

2.4. Data Analysis

Before data analysis, all variables were logarithmically transformed and checked for
normality when required. Linear regression was used to assess the relationships between
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RGR and MR (Table 1). We assessed the relationships between environmental factors, RGR,
and MR at different life stages using Pearson’s correlation. Principal component analyses
(PCAs) were run to ordinate twelve variables of topographic and soil-based indices to
represent environmental factors. The first three axes from each of these PCAs were used to
analyse the RGR and MR of tree species from their corresponding environmental factors.
We used the linear regression to analyse the RGR and MR of tree species and the first three
axes of scores of these PCAs to prove that there was habitat filtering from sapling to large
tree stages. Habitat filtering was evidenced if the RGR or MR of small trees was not related
to topographic and soil factors but that of the large trees was. Subsequently, we used the
relationships between the results of the linear regression and coefficients of PCA to predict
the trend of the temperate tree growth and mortality rates along environmental gradients.
The PCAs were performed in Origin Pro 2015; all other analyses were performed with
SPSS 19.0.

3. Results
3.1. Relationships between RGR and MR at Different Life Stages

MR had a significant negative relationship with RGR for both saplings and large trees.
The slope of the relationship between RGR and MR for saplings differed from that of large
trees. For saplings, the absolute value of the slope (0.110) was larger than that in large trees
(0.077) (Figure 1).
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Figure 1. Linear regression relating RGR and MR for saplings (1 cm ≤ DBH < 10 cm) and large trees
(DBH ≥ 10 cm) in the 9 ha dynamic plot of typical mixed broadleaved Korean pine forest. Hollow
circles indicate saplings, whereas solid circles indicate large trees.

3.2. Relationships between Environmental Factors and RGR

The environmental factor–RGR relationships of saplings differed from those of large
trees. In saplings, TP and OC had a significantly positive correlation with RGR. In large
trees, VWC had a significantly negative correlation with RGR (Table 2).

3.3. Relationships between Environmental Factors and MR

The environmental factor–MR relationships of saplings also differed from those of
large trees. In saplings, BD and AP had a significantly positive correlation with MR. In
large trees, MR showed a significantly negative correlation with Asp and a significantly
positive correlation with TP and OC (Table 2).
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Table 2. Pearson correlation coefficients for relationships between RGR and MR and topographical
and soil-based factors for saplings and large trees in a 9 ha mixed broadleaved Korean pine forest
dynamic plot in China.

Model
Saplings Large Trees

ln (RGR) ln (MR) ln (RGR) ln (MR)

Ele 0.518 −0.277 −0.320 −0.264
Slo 0.274 −0.187 −0.250 0.121

Sin (Asp) −0.296 0.146 0.613 −0.414
Cos (Asp) −0.276 0.076 0.481 −0.485 *

Con 0.088 −0.242 0.078 0.039
BD 0.125 0.469 * −0.012 −0.031
TN 0.053 −0.312 −0.195 0.269
AN 0.008 −0.33 0.094 0.107
TP 0.347 * −0.038 0.183 0.409 *
AP 0.126 0.436 * −0.208 0.138
OC 0.325 * 0.078 −0.324 0.517 *
pH 0.024 0.209 −0.274 −0.169

VWC −0.278 0.049 −0.548 * −0.155
Topographical and soil-based factors included are elevation (Ele), slope (Slo), aspect (Asp), convexity (Con), bulk
density (BD), total N (TN), available N (AN), total P (TP), available P (AP), organic C (OC), soil pH (pH), and
volumetric water content (VWC). * p < 0.05.

3.4. Results of Topographical and Soil-Based Factors

All the principal components were selected for the first three axes (PC1, PC2, and
PC3) because the eigenvalues were greater than one (Table 3). For PCA, axis 1 (PC1) of
Sap-RGR was related to increasing OC and AP; axis 2 (PC2) was related to increasing TN
and AN; and axis 3 (PC3) was related to increasing Ele and TP. This analysis showed that
the highest values were related to increasing OC. In Sap-RGR, Asp (Sin (Asp) and Cos
(Asp)) were strongly negatively correlated with Con and Slo. PC1 of Sap-MR was related
to declining BD and AP; PC2 was related to increasing TN and AN; and PC3 was related
to declining OC and increasing Ele. This analysis showed that the highest values were
related to increasing TN. In Sap-MR, OC and VWC showed a strong positive correlation,
whereas OC was strongly negatively correlated with Slo. PC1 of Lar-RGR was related to
increasing OC and AN; PC2 was related to increasing TP and VWC; and PC3 was related
to increasing AP and declining VWC. This analysis showed that the highest values were
related to increasing TN. In Lar-RGR, OC and Slo showed a strong positive correlation. PC1
of Lar-MR was related to declining Slo and increasing AP; PC2 was related to increasing
TN and AN; and PC3 was related to increasing VWC and declining Slo. This analysis
showed that the highest values were related to increasing TN. In Lar-MR, OC was strongly
negatively correlated with Slo (Tables 3 and 4, Figure 2).

Table 3. Eigenvalues of topographical and soil-based factors and their contributions in the typical
mixed broadleaved Korean pine forest.

Model Principal Component Eigenvalue Variance Contribution (%)

Sap-RGR
PC1 4.066 31.28
PC2 2.637 20.29
PC3 2.211 17.01

Sap-MR
PC1 4.337 33.36
PC2 3.662 28.17
PC3 2.065 15.88

Lar-RGR
PC1 4.900 37.69
PC2 3.033 23.33
PC3 1.926 14.82

Lar-MR
PC1 4.808 36.99
PC2 3.855 29.65
PC3 1.808 13.91

Sap represents saplings (1 cm ≤ DBH < 10 cm). Lar represents large trees (DBH ≥ 10 cm).
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Table 4. Result of coefficients of principal component analysis for topographical and soil characteris-
tics of RGR and MR in saplings and large trees.

Model

Saplings Large trees

RGR MR RGR MR

PC1 PC2 PC3 PC1 PC2 PC3 PC1 PC2 PC3 PC1 PC2 PC3

Ele 0.023 0.010 0.575 0.341 −0.119 0.445 0.121 0.367 0.176 −0.349 −0.148 0.315
Slo −0.177 −0.313 0.395 0.222 −0.398 −0.293 0.352 0.107 0.271 −0.386 −0.146 −0.348
Sin

(Asp) 0.254 0.189 −0.335 −0.348 0.231 0.295 −0.179 0.302 −0.039 0.316 0.033 0.048

Cos
(Asp) 0.276 0.346 −0.258 −0.261 0.321 0.260 −0.244 0.206 −0.049 0.331 −0.065 0.054

Con −0.184 −0.170 −0.064 0.316 −0.113 0.342 0.296 0.114 0.347 0.367 −0.191 −0.089
BD 0.357 −0.306 0.066 −0.425 −0.113 −0.182 −0.376 −0.024 0.255 0.337 −0.172 −0.281
TN −0.156 0.541 0.205 0.239 0.419 −0.158 0.370 0.209 0.189 0.109 0.497 0.030
AN −0.279 0.458 0.094 0.341 0.356 −0.035 0.410 0.009 −0.135 −0.070 0.434 0.023
TP 0.294 0.244 0.422 −0.052 0.333 −0.073 −0.104 0.429 0.270 0.139 0.167 −0.162
AP 0.395 0.150 0.075 −0.373 0.001 0.264 −0.260 0.158 0.358 0.371 −0.017 0.066
OC 0.397 0.006 0.288 0.025 0.313 −0.430 0.372 0.032 −0.202 0.191 0.307 −0.025
PH 0.101 0.129 −0.016 0.026 −0.127 0.271 0.126 −0.424 0.036 0.095 −0.294 0.017

VWC −0.388 0.144 0.079 0.213 0.340 0.221 −0.021 0.489 −0.386 −0.151 0.363 0.361

Topographical and soil-based factors included are the same as in Table 1. Saplings (1 cm ≤ DBH < 10 cm);
large trees (DBH ≥ 10 cm).
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3.5. Effect of Environmental Factors on RGR and MR on Trees at Different Life Stages

The scores of principal component analysis axis 3 (PC3) were negatively correlated
with the RGR and MR at the large tree life stage (p < 0.05). The scores of the first two axes
of the principal component analysis (PC1 and PC2) were not correlated with the RGR or
the MR of large trees. The scores of all principal component axes were not correlated with
the RGR or the MR of saplings (Figure 3). RGR was related to declining AP and increasing
VWC at the large tree life stage. MR was related to increasing Slo and declining VWC at
the large tree life stage (Table 4 and Figure 3).
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Figure 3. Linear regression of RGR and MR shown as PCA scores at different life stages. The straight
line indicates that the PCA scores are significantly correlated with RGR and MR. The letter (a,A)
represents saplings (1 cm ≤ DBH < 10 cm). The letter (b,B) represents large trees (DBH ≥ 10 cm).

4. Discussion

The relationship of tree size between growth rates and mortality rates is perhaps
the best-established life-history variation among forest tree species [28–30]. We showed
that the strength of the relationships between RGR and MR depends strongly on the life
stages of the trees evaluated. The relationships between RGR and MR are stronger for
saplings than for large trees. Saplings have faster growth and mortality among individuals
compared with large trees. This result is similar to the effect of density dependence for
sapling-to-large tree transitions [22]. Although trees in both life stages were affected by this
effect, the effect was more pronounced in the early stages, which showed higher growth
rates and mortality in the old-growth temperate forest.

Light limits photosynthetic carbon gain, which is essential for plant growth and
mortality [31]. The degree of spatial distribution in light availability decreases from the top
to the bottom of the canopy [32]. Large trees gain more light in the subcanopy and canopy
than the saplings in the understory. Furthermore, the competitive power of large trees is
generally stronger than that of saplings, which, as a species, have lower establishment or
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survival in the neighbourhood of adults [11,12]. In other words, the growth status of the
large trees is more stable than that of saplings in the forest. Thus, the growth–mortality
trade-off is weaker for large trees than for saplings, which have faster individual growth
and higher mortality rates.

We evaluated the importance of environmental factors on tree growth and mortality
and tried to identify which environmental factors are related to the growth and mortality
rates of temperate tree species at different life stages. Using single-variable correlation
analysis, our results showed that the sapling RGR was enhanced with TP and OC; the
sapling MR was enhanced with BD and AP; the large tree RGR was weakened with VWC;
and the large tree MR was weakened with Asp and enhanced with TP and OC. These results
are consistent with reports that trees can show different responses to elemental availability
at different stages [33]. The phosphorus in plants is a synergistic element [34]. Phosphorus
plays a special role in energy metabolism, is a component of many coenzymes, and is
directly involved in oxidative phosphorylation and photosynthetic phosphorylation. The
phosphorus in plants is mainly absorbed from soil nutrients. Thus, enhanced supplies of
TP have the potential to promote growth in saplings because of increased light availability.
Interestingly, the MR of large trees showed similar responses to the RGR of saplings
regarding elemental availability, possibly because the production of fine roots was higher
in poor soils than in fertile soils [35]. The lifespan of large trees can be shortened in high-TP
soils [36]. Sin (Asp) and cos (Asp) were used to represent north–south and east–west,
respectively [37]. The results showed that the sunnier the slope was, the higher the RGR
of the saplings was. Con and Slo were negatively correlated with the RGR of saplings
(Figure 2, Sap-RGR). The results of this study were similar to those of a study by Shen et al.
in a subtropical forest [38]. The negative correlation between the convexity and slope and
the RGR of saplings is likely associated with greater moisture and nutrient accumulation in
local lows. High convexity and slope may indicate a hilltop, and the low RGR of saplings
is probably associated with the greater run-off of water at high convexity and slope [39].
By contrast, the high RGR of large trees was associated with high convexity and slope. This
may be caused by the strong competitiveness and wind resistance of the large trees. The
negative correlation between OC and Slo of Sap-MR was stronger than that of Lar-MR
because of the larger angle between OC and Slo; this indicates that the variation in the
MR in saplings in habitats with high soil organic carbon was significantly higher than that
in large trees. In Sap-MR, OC and Slo showed a strong negative correlation, whereas in
Lar-RGR, OC and Slo showed a strong positive correlation. This was consistent with Dina’s
findings that the species–habitat association status significantly affected demographic
parameters [40].

Environmental factors in the old-growth temperate forest were mainly related to
variations in the OC and TN. The increase and variation of nitrogen and carbon in the
soil may be a consequence of the accumulation of litter and humus, which may further
promote the absorption of net soil nitrogen and carbon. The change in chlorophyll content
is related to the adaptability of plants to light, but on the other hand, it is also affected by
soil mineral elements, especially nitrogen [41]. PCA showed the highest values related
to increasing TN in the RGR of large trees (Tables 2 and 4). The nitrogen content of
plant leaves was closely related to the soil nitrogen content under growing conditions.
The transformation and cycling of nitrogen in a forest ecosystem is the most important
and active process [42]. Nitrogen deficiency can lead to lower photosynthetic rates and
slower plant growth. Therefore, increasing nitrogen content contributes to tree growth
and development.

In temperate forests, habitat filtering plays a dominant role in community construc-
tion [43]. One vital result of this work was that, as shown by using linear regression,
environmental factors were related to the RGR and MR of large trees but not saplings,
although the variance contribution of the PC3 axis was the smallest among the first three
principal components. The findings illustrate that habitat filtering occurs from the sapling
stage to the large tree stage, and saplings are somewhat buffered from the local site con-
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ditions in terms of growth and mortality. This result is similar to the findings that large
trees in a subtropical forest showed greater associations between growth and mortality
and environmental conditions because habitat filtering is an important process shaping
ecological communities [44]. This process refers to the non-random germination and sur-
vival of individuals with respect to variation in environmental conditions and results in
communities of large trees that are more specialised than saplings in habitat characteris-
tics. Our results showed that VWC had a significant effect on both the RGR and MR of
large trees. VWC reflects the volume fraction of water in the total soil volume per unit,
meaning that moisture restriction is critical to the growth and mortality of large trees. In
large trees, the high RGR at a high VWC is probably driven by maintaining high rates of
transpiration for long periods during the day [45], whereas the high MR at a low VWC
is likely associated with a greater run-off of water [39]. Moreover, the high MR at a high
Slo also proves this idea. Thus, differences in how the trees are located in these conditions
contribute to ontogenetic variation in the environmental factors that control the RGR and
MR in the old-growth temperate forest.

5. Conclusions

We reported the following results in the Liangshui FDP. (1) There was a stronger trade-
off between RGR and MR for saplings than for large trees. (2) In saplings, TP and OC were
significantly positively correlated with RGR, and BD and AP were significantly positively
correlated with MR. In large trees, VWC had a significantly negative relationship with RGR,
Asp had a significantly negative relationship with MR, and TP and OC had significantly
positive relationships with MR. The species–habitat association status significantly affected
demographic parameters. (3) Habitat filtering occurred from sapling to large tree stages,
which was an important process to shape ecological communities. TN played a major role
in the environment of the typical mixed broadleaved Korean pine forest, and the nitrogen
cycle was an important process in the ecosystem. Moreover, VWC controlled the RGR and
MR of large trees in this process in the old-growth temperate forest. These findings also
set the stage for future studies that will address how the sapling community is filtered
into a large-tree community that reflects local habitat requirements, and promote species
coexistence in temperate forests.
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