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Abstract

+ Key Message Deterministic processes drive functional and phylogenetic temporal changes of woody species in temperate
forest, depending on successional stage and tree size classes. The dominant influential factors changed from abiotic
(especially topographic factors) to biotic (e.g., basal area), with both increasing successional stage and tree size, suggesting
that deterministic processes shifted from habitat filtering to biotic interactions.

« Context Disentangling how deterministic and stochastic processes govern the temporal change of community composition is
critical for understanding community assembly and predicting long-term ecosystem change. However, rare studies have exam-
ined the distinctive imprint of these two processes on functional and phylogenetic temporal changes of woody species in
temperate forests.

+ Aims The objectives of this study are to detect (1) the relative importance of deterministic vs. stochastic process in driving the
functional and phylogenetic temporal changes at different successional stages and tree size classes in temperate forests and (2) the
relative influence of abiotic vs. biotic factors on temporal change.

+ Methods We analyzed 10 years of detailed species composition, phylogenetic information, and 14 functional traits from 66
woody species in young-growth (5-ha) and old-growth (25-ha) forest plots in Northeast China. We devised a null model approach
to determine the relative importance of deterministic and stochastic processes in driving functional and phylogenetic temporal
changes. Then, we investigated the influence of abiotic (soil and topography) and biotic (basal area, stem density, and species
richness) factors on temporal change using boosted regression tree (BRT) models. All analyses were conducted for different tree
sizes (all trees, small trees [diameter at breast height (DBH) < 10 cm], and large trees [DBH > 10 cm]).
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* Results In young-growth forest, functional and phylogenetic temporal changes were basically higher than expected for all trees,
small trees, and large trees. Conversely, in the old-growth forest, functional and phylogenetic temporal changes were lower than
expected for all trees, but opposite patterns were found for two size classes; i.e., change was higher than expected for large trees
and lower than expected for small trees. BRT models showed that the most influential factors underlying the temporal change of
all trees shifted from abiotic (e.g., topography) to biotic (e.g., basal area) factors with increasing succession stage. Regardless of
successional stage, the relevant factors changed from abiotic factors for small trees to biotic factors for large trees.

+ Conclusion Deterministic processes govern tree functional and phylogenetic temporal changes, and the underlying determin-
istic processes change from habitat filtering to biotic interaction over succession and with increasing tree size.

Keywords Deterministic process - Functional trait - Phylogeny - Size class - Succession - Temporal change

1 Introduction

Temporal change in community composition results from a
combination of immigration and local demographic dynamics
(Magurran and Henderson 2010). The dynamics depend on
stochastic processes and on how survival and reproduction are
affected by environmental factors and biotic interactions over
time (Hubbell 2001; Legendre and Gauthier 2014; Shimadzu
et al. 2015). Characterizing the temporal change of communi-
ty composition can thus provide insights into underlying as-
sembly processes (Dornelas et al. 2013; Swenson et al. 2012).
Many studies in community ecology aim at inferring assembly
processes from the spatial structure of communities at a given
time (Dray et al. 2012), but they miss how composition at a
given time can influence subsequent dynamics, especially
when biotic interactions are at play. Although space-for-time
substitution (chronosequence) considers different temporal
stages of community dynamics distributed in space, it does
not acknowledge how assembly depends on previous commu-
nity states (Li et al. 2015). Therefore, longitudinal data are
needed to ravel out the mechanisms governing the temporal
change of community composition (Dornelas et al. 2013).
With longitudinal data, quantifying the functional or phy-
logenetic temporal change relative to species change provides
important insights into two basic types of mechanisms: deter-
ministic and stochastic processes (Cadotte et al. 2011;
Gianuca et al. 2017; Stegen et al. 2013; Swenson 2013).
Stochastic processes entail random temporal change patterns,
while deterministic, niche-based processes can constrain func-
tional and phylogenetic change patterns to be nonrandom
(Adler et al. 2013; Gotzenberger et al. 2012; Jabot et al.
2018; Letten et al. 2014). Along ecological succession, com-
munities undergo a joint influence of deterministic and sto-
chastic processes, thus providing an ideal context to investi-
gate the mechanisms underlying community temporal change
(Connell and Slatyer 1977; Lohbeck et al. 2014; Meiners et al.
2015). It is expected that deterministically driven succession
should directionally move communities towards changing
functional composition over time, until some steady compo-
sition is reached (Alday et al. 2011; Li et al. 2016), while
temporal change would not deviate from random under the
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sole influence of stochastic processes. Phylogenetic change
should also be influenced by deterministic processes, because
phylogenetic composition reflects adaptations shared in evo-
lutionary history (Cadotte et al. 2013; Gerhold et al. 2015;
Mougquet et al. 2012; Webb et al. 2002). Recent successional
studies in tropical forest and heathland have quantified func-
tional or phylogenetic temporal changes and shown preva-
lence of deterministic processes (Cequinel et al. 2018; Letten
et al. 2014; Swenson et al. 2012). However, there is little
evidence on how deterministic processes influence temporal
functional and phylogenetic changes over succession in tem-
perate forests.

Processes acting on the establishment and persistence of
older and taller trees can differ from those influencing young
recruits and understory trees. Different or nonrandom patterns
across size classes should then provide insights on the mech-
anisms underlying temporal change over succession (Baldeck
etal. 2013; Lasky et al. 2015; Riiger et al. 2012). First, at early
successional stage, while pioneer trees may still dominate the
canopy, recruitment of distantly related late-successional spe-
cies may entail greater functional and phylogenetic temporal
changes among small trees (Anderson 2007; Norden et al.
2012). Later on, the temporal change of both small and large
trees should become lower if a steady functional or phyloge-
netic composition is reached. Second, the influence of biotic
interactions is expected to increase over time, and the recruited
trees reaching the canopy should be more dissimilar from
established trees in order to persist (Yang et al. 2014). Such
limiting similarity should thus increase temporal change
among large trees (Swenson et al. 2007; Wang et al. 2015).
Third, habitat filtering should basically play at earlier life
stages and be stronger in the shady understory, which entails
a lower temporal change of small trees (Li et al. 2018). Since
large trees are established in suitable micro-habitats after fil-
tering occurred, their survival is more influenced by biotic
neighborhood (Wang et al. 2012). Thus, we can also expect
that the driving forces underlying temporal change may
change from abiotic to biotic from smaller to larger trees.

In this study, based on 10 years of detailed species compo-
sition data, combined with 14 functional traits and phyloge-
netic information of 66 woody species, we aimed to determine
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the drivers of functional and phylogenetic temporal changes of
woody species in a temperate forest ecosystem. We selected
two permanent forest plots, which represented earlier (~80
years) and later (~300 years) successional stages. We exam-
ined the temporal change and underlying drivers at different
tree sizes (all, small [diameter at breast height (DBH) < 10
cm], and large [DBH > 10 cm] trees) and asked the following
two questions: (1) Are deterministic or stochastic processes
more dominant in driving community functional (all traits
together and for different trait dimensions) and phylogenetic
temporal changes at different successional stages and size
classes? (2) How do abiotic and biotic factors influence tem-
poral change at different successional stages and size classes?

2 Materials and methods
2.1 Study sites

Our study area is located in Changbai Nature Reserve, which
is one of the largest biosphere reserves in China (42° 23’ N,
128°05' E) (Hao etal. 2007). The mean annual precipitation is
approximately 700 mm, which mostly occurs from June to
September (480-500 mm). The mean annual temperature is
2.8 °C, with a January mean of — 13.7 °C and a July mean of
19.6 °C (Yang et al. 1985).

We surveyed two large permanent forest plots: one of 5-ha
area (250 m x 200 m) and the other of 25-ha area (500 m x 500
m), located in the core zone of Changbaishan (CBS) Nature
Reserve. The 25-ha forest plot represents a mature forest with-
out logging and other human disturbances for about 300 years,
while the 5-ha forest plot is a younger-growth forest that was
subject to logging until the 1930s; i.e., it is a well-established
secondary forest. Censuses for the 25-ha old-growth forest plot
were carried out in 2004, 2009, and 2014, while the 5-ha
young-growth forest plot was surveyed in 2005, 2010, and
2015. In each plot, all free-standing woody stems with a DBH
>1 cm were identified, tagged, and mapped (Table 1). We
divided the old-growth forest plot into 625 20 m x 20 m quad-
rats and the young-growth forest plot into 120 20 m x 20 m
quadrats (excluding a few smaller quadrats). The average

number of species of all quadrats was 11.5 in the old-growth
forest plot and 17.5 in the young-growth forest plot. Overall, we
selected 66 species for which functional trait data were avail-
able. These species belonged to 40 genera and 20 families.

2.2 Functional traits

We measured 14 functional traits of 66 species representing
basic morphological and ecophysiological properties of leaf,
stem, and root organs (Table 2) in both forest plots. Five to
twenty individuals were selected for each species, and their
values were averaged. The DBH of selected individuals were
similar to the largest individual of each species in both plots.
All trait measurements were conducted following Pérez-
Harguindeguy et al. (2013). More detailed information on trait
measurement is available in Appendix S1.

2.3 Functional dendrogram

We performed principal component analysis (PCA) with
varimax rotation to define independent functional dimensions
(Diaz etal. 2016). We then calculated trait Euclidean distances
based on the species scores on the first nine principal compo-
nents (explaining a >90% variation of the total variance in
traits). Finally, the distance matrix was transformed to a func-
tional dendrogram by hierarchical clustering, which had a
similar data structure to phylogenetic tree and could be ana-
lyzed with a concurrent method (Petchey and Gaston 2007).

We used species scores on the first three principal compo-
nents to represent primary trait dimensions (explaining a >
60% variation of the total variance in traits) (Laughlin 2014,
Westoby et al. 2002). The first axis (RC1) represented the leaf
economic spectrum from a more acquisitive strategy (high leaf
nitrogen, leaf phosphorus content) to a more conservative
strategy (high dry matter content). The second axis (RC2)
reflected the wood economic spectrum from tall to short and
low to high wood density species. The third axis (RC3) cap-
tured the variation in root traits, which indicated the variation
of species nutrition absorption ability (Appendix S2) (Kramer-
Walter et al. 2016; Reich 2014). Functional dendrogram was
calculated for each trait dimension separately.

Table 1 Summary information of

the 5-ha young-growth forest plot Plot Year  Species = Mean Individual Mortality Recruitment
-1
and the 25-ha old-growth forest DBH (cm)  number (ha ")
plots
25-ha old-growth 2004 52 10.88 1470 10.7 [1.5,9.2] 7.3 [1.0,7.3]
forest plot 2009 51 11.54 1402.5
2014 52 11.54 1385.2
5-ha young-growth 2005 53 7.46 34475 28.8 [5.0,23.8] 21.9[5.6,21.9]
forest plot 2010 50 8.17 3195
2015 54 7.93 3260

The mean frequency of mortality and recruitment events was based on a 400-m> quadrat. The mean frequency for
all trees and two size classes [large, small] is provided
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Table 2 Phylogenetic signal

(Blomberg’s K value) of 14 Organ Functional trait Blomberg’s K value
functional traits for 66 species
from the 5-ha young-growth for- 5-ha young-growth 25-ha old growth
est plot and the 25-ha old-growth forest plot forest plot
forest plot
Leaf Leaf dry matter content (LDMC; %) 0.05[0.11] 0.06 [0.12]
Specific leaf area (SLA; cm® g ') 0.64[0.96] 0.64[0.99]
Leaf area (LA; cm?) 0.29 [0.30] 0.20 [0.24]
Leaf carbon content (LCC; pg g ") 0.98[0.61] 0.66 [0.50]
Leaf nitrogen content (LNC; pg g ) 0.56 [0.48] 0.52[0.49]
Leaf phosphorus content (LPC; pg gfl) 0.32[0.42] 0.35[0.36]
Leaf potassium content (LKC; g g ") 0.43[1.33] 0.511[1.17]
Leaf §'°N composition (N15; %o) 0.24 [0.42] 0.27 [0.46]
Leaf §'C composition (C13; %o) 0.29[0.55] 0.24 [0.46]
Stem Trunk bark thickness (ABT; mm) 0.29 [0.49] 0.30[0.49]
Wood density (WD; mg cm ) 0.55[0.75] 0.50[0.74]
Root Specific root length (SRL; cm g ') 0.7010.51] 0.79[0.55]
Root diameter (RD; mm) 1.09 [0.54] 1.76 [0.60]
Whole plant Height (H; m) 0.43[0.51] 0.47[0.51]
RC1 (leaf dimension) 0.3110.70] 0.3510.62]
RC2 (stem dimension) 0.39[0.95] 0.4210.63]
RC3 (root dimension) 1.76 [0.54] 1.2210.58]

Phylogenetic signal with a p value < 0.05 is given in italics. Phylogenetic signal based on the angiosperms only is

provided in square brackets
2.4 Phylogenetic tree

We used Phylomatic (Webb and Donoghue 2005) to build a
phylogenetic tree on the basis of the vascular plant megatree
published by Zanne et al. (2014). Because there were few
species within each genus in this temperate forest, the phylo-
genetic tree included only few polytomies, with a minor im-
pact on phylogenetic calculation.

2.5 Phylogenetic signal

We calculated Blomberg’s K statistic to represent a phyloge-
netic signal for each functional trait and each of the three trait
dimensions. Phylogenetic signal evaluated the extent to which
trait similarity could be related to phylogenetic relatedness. K
= 0 meant no phylogenetic signal, K < 1 meant less similarity
among close relatives, and K > 1 indicated more similarity
among close relatives than expected under Brownian motion.
Here, we calculated the signal both for all species and for
angiosperms only, using the “phylosignal” function in the
picante R package (Blomberg et al. 2003; Kembel et al. 2010).

2.6 Biotic and abiotic factors

For each 20 m x 20 m quadrat, we calculated basal area (BA),
species richness (SR), and stem density (SD) at the beginning
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of a census interval as biotic factors (Canham et al. 2004;
Cequinel et al. 2018; Zhang et al. 2015).

In addition, we measured eight variables representing the
abiotic environment, namely five soil factors (pH, organic
matter, total N, total P, and total K) and three topographic
factors (elevation, slope, and aspect) within each 20 m x 20
m quadrat (see Appendix S3). Due to a correlation among soil
variables, we performed PCA and selected the first two prin-
cipal components accounting for more than 85% of total var-
iance (Wang et al. 2012). The first component was associated
with a gradient of soil nutrient availability, while the second
reflected a variation in soil pH.

2.7 Data analysis

We calculated abundance-weighted mean pairwise phylogenetic
and functional distances to quantify the temporal change of com-
position (i.e., temporal beta diversity) in the same quadrats sam-
pled over different years (Swenson et al. 2012). As the results
were similar for different census intervals, we only show the
result for the 10-year interval (20042014 for the 25-ha old-
growth forest plot; 20052015 for the 5-ha young-growth forest
plot) for simplicity. A null model approach was chosen to eval-
uate departures of observed temporal beta diversity from a null
expectation of random composition change. The null model ran-
domly reshuffled taxa labels across the tips of the phylogenetic
tree and functional dendrogram 999 times. This approach
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maintained observed community composition while randomiz-
ing species phylogenetic relatedness and trait similarity (Gotelli
2000). Then, we calculated the standardized effect size (SES) of
phylogenetic and functional changes, as the difference between
observed values and the mean of 999 null values, divided by the
standard deviation of the random values. A positive SES indicat-
ed higher observed temporal change, and a negative SES indi-
cated lower observed temporal change than expected by chance
(Swenson 2013). We tested whether there was a tendency of SES
values in a set of communities to be higher or lower than null
expectation by performing the Wilcoxon signed-rank test and
comparing them to 0 (Bestova et al. 2018; Zhang et al. 2018).
Above analyses were conducted to examine phylogenetic and
functional changes (multivariate and each trait dimension) for
all trees and for each size class. Here, we also quantified phylo-
genetic temporal change with angiosperms only and found it was
similar to the results based on all species. Therefore, we focus on
the results based on all species for simplicity.

To assess how the relative influence of abiotic and biotic
factors on the functional and phylogenetic temporal changes
depended on successional stages and size classes, we applied
a machine learning method, i.e., boosted regression tree (BRT),
which had been widely used in ecological research (Elith et al.
2008; Suo et al. 2016). This method has strong predictive per-
formance without requiring prior assumptions on normality,
homogeneity of variance, or weak collinearity among predic-
tors. The setting of model parameters (learning rate, bag frac-
tion, tree complexity, and the number of cross-validation folds)
can influence the predictive performance of BRT models.
Following Elith et al. (2008), we set the parameters for learning
rate and bagging fraction at 0.005 and 0.5, respectively. In order
to ensure reliable model fit, we reduced the learning rate to
0.0025 when the requirement for 1000 models was not met.
To avoid over-fitting, we ran alternative models by setting tree
complexity at 1, 2, 3, and 4 and chose the simpler BRT model
with smaller tree complexity, when the improvement of predic-
tion error (PE) was less than 1% for more complex models
(Appendix S8). For each BRT model, we repeated 50 times
and averaged the results. The relative importance values were
scaled as percentages. We also used partial dependence func-
tions to examine impacts of an individual variable on the re-
sponse after averaging out the effects of the additional explan-
atory variables (Appendix S6) (Elith et al. 2008). In addition,
we calculated Moran’s I spatial autocorrelation index of BRT
residuals, which was not significant here.

3 Results
3.1 Functional and phylogenetic temporal changes

In the young-growth forest, both functional and phylogenetic
temporal changes were higher than expected (p < 0.01),

indicating that the temporal change in composition involved
dissimilar species. In contrast, the functional change was low-
er than random (p < 0.01) in the old-growth forest, while the
phylogenetic temporal change did not differ from the null
expectation (Fig. 1; Appendix S5).

In the young-growth forest, the functional change of both
tree size classes was higher than expected (p < 0.01).
Interestingly, the phylogenetic temporal change did not follow
the same trajectory and was higher than expected for small trees
and lower than expected for large trees. In the old-growth forest,
we found that phylogenetic and functional temporal changes
were consistently higher than expected for large trees and lower
than expected for small trees (p < 0.01) (Fig. 1; Appendix S5).

In the young-growth forest, we found that the temporal
change of all trees was higher than expected for the stem trait
dimension and lower than expected for the leaf dimension (p <
0.01) (Appendix SS5). This was consistent for the two size
classes. Conversely, the temporal change differed between
size classes along the root dimension: change was higher for
small trees and lower for large trees. In the old-growth forest,
the temporal change along all three dimensions was lower
than expected for all trees (p < 0.01), but higher than expected
for large trees and lower than expected for small trees (p <
0.01) (Fig. 1; Appendix S5).

3.2 Influence of abiotic and biotic factors
on functional and phylogenetic temporal changes

In the young-growth forest, topographical factors had the
highest relative importance of 53.3% for the functional tempo-
ral change and 44.1% for the phylogenetic temporal change of
all trees. Topographic factors (especially elevation) primarily
influenced the temporal change along the three trait dimensions.
In addition, biotic factors had a relatively strong influence on
the functional temporal change along the stem dimensions
(49.1%). Soil factors had relative importance of 28.7% for the
functional temporal change along root dimensions (Fig. 2).

In the old-growth forest, biotic factors had the highest
influence on functional and phylogenetic changes of all
trees (71.4% and 60.5%). Basal area was the most important
biotic factor (34.2% and 30.4%) and positively influenced
functional and phylogenetic changes (Fig. 2; Appendix S6).
The functional temporal change along the leaf and root di-
mensions was more influenced by biotic factors with 48.1%
and 41.6% and showed a unimodal pattern with basal area
(Fig. 2; Appendix S6). However, the temporal change along
the stem dimension was more driven by topographic factors
with an influence of 46% (Fig. 2).

In both young-growth and old-growth forests, we
found that the influence of abiotic factors on functional
change decreased (especially for topographic factors, from
67.3 to 28.8% in the young-growth forest) and that of
biotic factors increased (from 22.9 to 48.4% in the old-
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Fig. 1 Kernel density plot of
standard effect size (SES) of

5ha Young Growth Forest Plot

25ha Old Growth Forest Plot
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growth forest) from small to large trees. A similar result
was also found when analyzing the three trait dimensions
and phylogenetic change in both forests (Fig. 3).

4 Discussion

4.1 Do deterministic processes drive temporal change
in communities?

Our study revealed that deterministic processes drove local
functional and phylogenetic temporal changes in two temper-
ate forests at different successional stages. In the young-
growth forest, we found that the temporal change was higher
than expected, suggesting that species replacement involved
functionally and phylogenetically dissimilar individuals. Over
the first decades of succession, fast-growing pioneers could be
progressively replaced by later-successional species with a
resource conservative strategy, so that both the functional
traits and phylogenetic difference among pioneers and later-
successional species could contribute to the temporal change
in the young-growth forest (Appendix S4) (Finegan 1996;
Norden et al. 2012). However, the temporal change differed
among trait dimensions, suggesting that assembly processes
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played differently on distinct facets of plant ecological strate-
gies (Cornwell and Ackerly 2009; Herben and Goldberg
2014; Swenson and Enquist 2009). Specifically, we found that
the temporal change was higher than expected along the stem
trait dimension. The stem trait dimension is more related to
structural traits (e.g., height and wood density) and can reflect
species’ mechanical resistance, water transport, and light com-
petition ability (Chave et al. 2009; lida et al. 2012). Therefore,
the directional filtering of species with different resistance and
competition abilities over time could drive the composition
change (Craven et al. 2015; Raevel et al. 2012). The preva-
lence of deterministic process was also supported by the re-
sults of two size classes, suggesting that directional filtering
played on trees of different sizes along the stem dimension. In
contrast, the temporal changes did not show a significant de-
parture from random expectation along the root dimension
based on all trees. One possible explanation is that opposite
patterns among size classes could counterbalance each other.

In the old-growth forest, the functional temporal change
was lower than expected, supporting the idea that functional
composition in the old-growth community could reach
some steady state (Drury and Nisbet 1973; Li et al. 2016;
Magurran and Henderson 2010). However, we found dis-
similar patterns across size classes; i.e., change was higher



Annals of Forest Science (2019) 76: 42

Page 7 of 12 42

Fig. 2 Relative contributions of
abiotic and biotic factors to

5ha Young Growth Forest Plot

25ha Old Growth Forest Plot
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than expected for large trees and lower than expected for
small trees. While environmental filtering could more
strongly constrain the dynamics of smaller trees, competi-
tion for available resources could induce a niche differenti-
ation among trees reaching the canopy and thus affect the
temporal change among large trees (Lasky et al. 2015).
Here, a higher temporal change reflected the replacement
of'individuals by functionally and/or phylogenetically more
dissimilar individuals and was consistent with an influence
of limiting similarity due to competition (Swenson et al.
2007). Furthermore, a higher temporal change of large trees
was consistently found for the three trait dimensions. Since
separate functional dimensions can convey complementary
insights on niche-based dynamics (Kraft et al. 2015; Raevel

et al. 2012), we can infer that the replacement of large trees
involved a niche differentiation in the old-growth forest at
least along the three basic dimensions found in our survey.

Phylogenetic information can be regarded as a synthetic
measure of species ecological dissimilarity, and examining
a phylogenetic pattern can provide additional information
that has not been provided by patterns of functional traits
(Gerhold et al. 2015; Mouquet et al. 2012). Here, we found
unmatched or even opposite functional and phylogenetic
patterns, as in some previous studies (Cadotte et al. 2017;
Purschke et al. 2013). Most functional traits here had low
phylogenetic signal, and both functional and phylogenetic
patterns were often nonrandom, suggesting that both mea-
sured and unmeasured traits could influence community
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Fig. 3 Relative contributions of environmental factors to functional and phylogenetic changes of different size trees based on the boost regression tree
(BRT) models. Pie charts show the summed relative influences of biotic factors, topographic factors, and soil factors. Same abbreviations as in Fig. 2

dynamics. Further study will be needed to identify which ~ dominant deterministic processes change from habitat fil-

traits are more involved in community dynamics. tering to limiting similarity and competition along succes-

sion (Connell and Slatyer 1977; Purschke et al. 2013).
4.2 How do abiotic and biotic factors influence There has been extensive debate about whether there
temporal change? was a shift from habitat filtering to limiting similarity

during succession (Bhaskar et al. 2014; Meiners et al.

We found that the temporal change was generally driven 20.15)- Here, our study provides HOYEI insights into the
by abiotic factors in the young-growth forest and by biotic firlvers of functional and phylogenetic temporal changes
factors in the old-growth forest, which suggested that  1n a temperate forest over more than 300 years.
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Abiotic factors, especially topography, drove functional
and phylogenetic temporal changes in the young-growth
forest, supporting the role of abiotic environmental filter-
ing and the predictions of resource-driven succession models
(Bazzaz and Pickett 1980; Finegan 1996). Shifting resource
availability could directionally select species with particular
resource use and growth strategies and thus influence temporal
change by determining species survival and recruitment (Dedk
et al. 2015; Lebrija-Trejos et al. 2010; Liu et al. 2014; Punchi-
Manage et al. 2013). Topography could be influential as it
reflected microhabitat heterogeneity and fine-scale variations
in soil nutrient, water, and light availability, so that it had con-
sistent influence on temporal change along the primary trait
dimensions (Brown et al. 2013). In this study, we also included
soil factors as a potential abiotic driver of temporal change and
found that it had certain influence on temporal changes along
the root trait dimension. That could be mainly because the root
trait dimension was more related to absorption of both water
and nutrients from the soil (Bardgett et al. 2014). In order to
more precisely assess the role of soil resources and abiotic
conditions, direct measurement of other soil chemical-
physical properties should be performed in the future.

Noticeably, when we focused on the two distinct size
classes, there was a directional change of the influential
factors from abiotic to biotic across tree size classes in the
young-growth forest. This agrees with the idea that the dom-
inant processes change from habitat filtering to competition
as tree grows (Baldeck et al. 2013; Swenson et al. 2007).
Larger and older trees represent a subset of adapted trees
after filtering in earlier ontogenetic stages, so that competi-
tion for space, soil nutrients, or light becomes a prominent
force driving temporal change (Russo et al. 2005; Zangaro
et al. 2008). Such competition could penalize the survival
and recruitment of conspecific individuals, favoring the re-
cruitment of trees from dissimilar species, so that the biotic
context (e.g., basal area) could entail greater functional
change for large trees (Zhu et al. 2015).

Biotic factors mostly contributed to temporal change in
the old-growth forest (> 300 years old), supporting the idea
that tree competition more and more contributed to the com-
munity assembly as succession went on (Acker et al. 2015;
Macarthur and Levins 1967; Wills et al. 2016). In this old-
growth forest, neighborhood interaction has been shown to
be crucial for species survival and growth (Wang et al. 2012;
Zhang et al. 2016). Here, our results further suggest that the
filtering of more similar smaller trees (lower temporal
change) could be more related to abiotic factors, while the
replacement of large trees by more dissimilar ones (higher
temporal change) could be more related to the biotic con-
text. This suggested that the forest density entails environ-
mental constraints selecting adapted strategies in the under-
story, while more dissimilar trees are more likely to reach
the canopy under the influence of competition.

4.3 Limitations

Our research provides a comprehensive survey of how
deterministic and stochastic processes influenced func-
tional and phylogenetic temporal changes in a temperate
forest ecosystem. However, there are a few key limita-
tions to highlight. First, the present work evaluated
community temporal change in two large temperate for-
est plots, which only represented two successional
stages. Sampling more successional stages should pro-
vide further insights into how deterministic processes
change over time. Second, the time interval considered
here was quite short compared to the lifespan of trees
and to the time needed for full replacement of trees in
the forest community. Further study based on a longer
timescale should provide stronger tests of the underlying
mechanisms causing community changes during
succession.

5 Conclusion

In our study, we highlighted the dominance of deterministic
process driving community functional and phylogenetic
temporal changes over succession and across size classes.
The dominant factors underlying temporal changes shifted
from abiotic (especially for topographic factors) to biotic
factors across successional stage and with increasing tree
size. In summary, our research provides important evidence
about the mechanisms underlying functional and phyloge-
netic temporal changes in temperate forests.
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