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Abstract

Questions: To comprehensively understand ecological dynamics within a forest eco-
system, it is vital to explore how surrounding trees influence the growth of individual
trees in a community. This study investigates the importance of biotic interactions on
tree growth by examining several metrics of competitive interactions and community
structure and considering three classes of intrinsic growth rates among the focal in-
dividuals: slower, intermediate, and faster-growing trees. We also separated the focal
trees based on their canopy position.

Location: Brazilian subtropical forests.

Methods: We assessed various factors related to the focal trees and their neighbors,
including differences in traits, neighborhood crowding, phylogenetic distance, and
overall trait composition within the community. We then ran linear mixed-effects
models to test how these different metrics influenced the growth rates of the focal
trees.

Results: Our results indicate that phylogenetic distance is linked to higher growth.
Specific leaf area (SLA), leaf area (LA), and wood density (WD) are significantly re-
lated to tree growth. Trees surrounded by neighbors with higher SLA than themselves
grow better, particularly smaller trees. Similarly, taller trees with smaller LA than their
neighbors grow better. Trees in the intermediary growth class grow better when they
have higher WD than their neighbors. Conversely, smaller trees benefit from greater
WD difference between the focal trees and their neighbors, while height difference
negatively impacts faster-growing trees. Moreover, communities with higher SLA and
WD positively impact the growth of faster-growing trees.

Conclusions: We conclude that the interactions between trees are mediated by their
ecological differences, but the performance and responses to surrounding competi-
tors vary along with their grow class and position within a community. This study has
revealed that the tree's intrinsic growth rate mediates the effect of traits and phylog-

eny of surrounding trees on individual tree growth.
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any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2024 The Author(s). Journal of Vegetation Science published by John Wiley & Sons Ltd on behalf of International Association for Vegetation Science.

J Veg Sci. 2024;35:€13296.
https://doi.org/10.1111/jvs.13296

wileyonlinelibrary.com/journal/jvs 1of11


https://doi.org/10.1111/jvs.13296
www.wileyonlinelibrary.com/journal/jvs
mailto:
https://orcid.org/0000-0003-3936-9692
https://orcid.org/0000-0002-2405-9977
https://orcid.org/0000-0003-3871-6293
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:klipeljoice@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjvs.13296&domain=pdf&date_stamp=2024-08-08

KLIPEL ET AL.

20f11
O—I— Journal of Vegetation Science \\§

KEYWORDS

absolute trait difference, focal tree, growth rate, hierarchical trait difference, neighborhood

1 | INTRODUCTION

Tree growth involves changes in physical dimensions over time,
which are accompanied by distinct physiological and morphological
traits that enable the plant to acquire essential resources such as
light, water, and nutrients (West & Ratkowsky, 2022). The availabil-
ity of resources strongly depends on neighboring plants, making tree
interactions crucial for individual growth (Coomes & Allen, 2007;
Britton et al., 2023). Moreover, these interactions can be scaled
up to generate emergent community-level properties (Webb
et al.,, 2002; Uriarte et al., 2010; Hart et al., 2016). For instance, the
coverage and size of neighboring plants, trait similarities and phylo-
genetic relatedness of interacting trees can impact resource avail-
ability (Castillo et al., 2010; Kunstler et al., 2012) and consequently,
the ability of a tree to compete with its neighbors will determine
how well it can grow. Investigating the linkage between individual
tree performance and the strength of neighborhood interactions is a
promising approach to understand the organization and dynamics of
forest communities in response to future climates or other anthro-
pogenic factors.

Understanding the impact of neighborhood interactions is
crucial for comprehending the complexities of tree performance.
Previous studies have demonstrated that neighborhood interactions
can have both positive (Lasky et al., 2014) and negative effects (Ding
et al., 2019; Yang et al., 2021) on tree performance in tropical, sub-
tropical, and temperate forests. The neighborhood crowding index
(NCI) is a common measure that relates to neighborhood interaction
and considers both neighborhood density and the distance between
a tree (hereafter, focal tree) and its neighbors within a specified
area (Lasky et al., 2014; Uriarte et al., 2016). High tree density in a
limited area can result in negative density dependence caused by
shading and competition for light, when photosynthesis is nega-
tively affected and ultimately reduce growth rate (Yang et al., 2021).
However, the relationship between NCI and tree growth can be
context-dependent. Additionally, if resources such as water and soil
nutrients are abundant, trees may be able to sustain their growth
rates even in crowded conditions (Russo et al., 2008). Thus, over-
crowding of trees can stimulate them to grow taller and escape light
competition, leading to increasing growth rates and adding a layer
of complexity to our understanding of the effects of neighborhood
interactions.

Regardless of negative density dependence, biotic interactions
may also vary according to the functional and phylogenetic struc-
ture of the neighborhood in relation to the focal trees. By examining
the dissimilarity of functional traits between focal trees and their
neighbors, we can enhance our understanding of how neighborhood
interactions mediate the focal tree growth rate (Uriarte et al., 2010;
Kraftetal., 2014; Kunstler et al., 2016; Cadotte & Tucker, 2017). With

such an approach, similar trait values between focal individuals and
neighboring trees may be expected to lead to stronger competition
(Macarthur & Levins, 1967), resulting in lower focal growth (hereaf-
ter, absolute trait difference). Absolute trait difference follows the
limiting similarity principle (Mason et al., 2011), with values closer
to zero indicating a greater similarity between the focal individual
and its neighbors (i.e., a non-directional trait dissimilarity). However,
these trait-based density dependence effects can be asymmetric
and species can establish a trait-based competitive hierarchy, where
a dominant phenotype emerges (Mayfield & Levine, 2010; Kunstler
et al., 2012). In this scenario, as the dissimilarity in traits increases
(i.e., more dissimilar from the dominant phenotype), competition
intensifies, ultimately forming trait-based competitive hierarchies
(hereafter, hierarchical trait difference) (Kunstler et al., 2012). The
prevalence of the hierarchical trait difference mechanism indi-
cates the directional trait dissimilarity between the focal tree and
its neighbors (Carmona et al., 2019), with positive values indicating
higher trait values in the focal tree compared to its neighbors and
negative values indicating the opposite. Therefore, it is important to
note that both mechanisms of trait differentiation can coexist simul-
taneously for different functional traits (Carmona et al., 2019; Yin
etal, 2021).

In addition, the phylogenetic structure of the neighborhood
can elucidate the potential influence of phylogenetic relatedness
in facilitating coexistence and reducing competition. It also serves
as a valuable surrogate for characterizing species similarity of un-
measured traits, particularly for those displaying phylogenetic con-
servatism (Swenson et al., 2007; Lebrija-Trejos et al., 2014). Thus,
phylogenetic and community-level trait metrics can provide insights
into the effects of biotic interactions on tree growth. For instance,
higher functional diversity and phylogenetic dissimilarity are ex-
pected to increase resource partitioning and reduce susceptibility
to attack by natural enemies (Uriarte et al., 2010; Yue et al., 2022),
thereby enabling species to coexist and avoid competition (Chen
et al., 2016). This approach assumes that focal trees in communi-
ties with greater trait diversity and phylogenetic distance will exhibit
higher growth rates compared to those surrounded by more simi-
lar neighbors. Additionally, the mean trait values of the neighbor-
ing community can reflect the overall resource-use and acquisition
strategies (HilleRisLambers et al., 2012), which can drive individual
tree growth as well. For example, in tropical rain forest a commu-
nity where the predominant resource-use strategy is conservative
can lead to reduced growth rates among neighboring trees, allow-
ing focal trees greater access to resources and thus facilitating their
growth (Westbrook et al., 2011). Conversely, in tropical dry for-
ests, communities displaying conservative trait values have been
noted to enhance overall productivity (Prado-Junior et al., 2016).
Despite advancements in understanding crowding, trait, and
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phylogenetic-based influences on tree growth, research gaps per-
sist. Exploring the specific conditions under which these mecha-
nisms operate and factors influencing their prevalence can enhance
our understanding of biotic interactions in forest ecosystems.

In this study, we simultaneously investigated the influence of
functional traits and phylogenetic dissimilarities, NCl, and functional
community structure on individual tree growth (Figure 1). We uti-
lized two approaches to explore these factors: quantifying interac-
tion strength by measuring the influence of neighboring individuals
on the growth rate of focal trees (Figure 1a) and examining the effect
of community structure on individual tree growth (Figure 1b). For
this purpose, we selected focal trees growing in mature subtropical
Brazilian Atlantic forests. Additionally, we categorized focal trees
based on growth rate (fast, intermediate, and slow) and position
within the community canopy, as taller focal trees may respond
distinctly different than smaller ones in relation to their neighbors'
height (West & Ratkowsky, 2022). In these groups of focal trees, we
expected overcrowding of trees restricting individual tree growth,
and increased functional diversity and phylogenetic distance be-
tween focal trees and their neighbors enhancing focal tree growth.
Similarly, higher functional diversity should aid resource partition-

ing, promoting the improvement of focal tree growth. Notably,

(a) Data input and neighborhood differences
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neighborhood effects on focal tree growth also can depend on their

growth class and canopy position.

2 | METHODS
2.1 | Studysite

The study was conducted in permanent forest plots located in
the Long-term Ecological Research in Subtropical Atlantic Forests
(LERSAF) project, in southern Brazil (Appendix S1). Studied plots are
located in Araucaria forests, at elevations from 900 to 930ma.s.l.
The climate is humid subtropical, with temperate summers — Cfb ac-
cording to Képpen's climate classification (Alvares et al., 2013). The
mean temperature in our study region is 18°C, frost is frequent in
the winter, and the mean annual precipitation is 1800 mm, without
adry season.

We used vegetation data of six permanent plots in old-growth
forests within protected areas distributed in two sites: Pr6-Mata
Nature Research and Conservation Center (29°26'27” S and 50°14’
W) and Aparados da Serra National Park (29°07'-29°15" S and
50°01'-50°10" W). Almost all remnants of old-growth forests in the

(b) Community metrics

+FD

FIGURE 1 Schematic representation of the data collection and biotic interactions metrics potentially affecting individual tree growth in
forests. In (a) differences between focal trees and their neighboring individuals are considered, including trait differences (h= neighborhood
hierarchical mean trait difference and s=neighborhood absolute mean trait difference) between focal tree (F,) and neighbor tree (Fj), as

well as the mean phylogenetic distance (PD) between the focal individual and all neighboring trees. In (b), overall community metrics were
evaluated, including the neighborhood crowding index (NCI), community-weighted mean (CWM), and functional diversity (FD).
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region may have suffered selective logging in the past century, but
there was no clear cut in our permanent plots and no selective log-
ging activity has been registered in both sites for at least the past
100years. The plots were censused in 2014 and 2019 following the
RAINFOR protocols (Phillips et al., 2010). In each plot, every indi-
vidual with a woody stem of at least 5cm diameter at breast height
(DBH measured at 1.3m above the ground) was tagged with a
unique number and identified to the species level, and we measured
its height (average+SD =9 +4.27meters) and stem diamater (aver-
age+SD=14.2+11.7 centimeters). The number of tree individuals
(DBH =5cm) per hectare in the permanent plots ranged from 1056
to 1828, with the five more abundant species being the Myrtaceae
Myrceugenia myrcioides, Myrcia retorta, Myrceugenia miersiana, and
Myrceugenia euosma together with the Brazilian pine Araucaria

angustifolia.
1.1Sampling design

For this study, we randomly selected a subset of trees from the
forest plots. For 826 trees, we firstly computed the annual growth

rate (AGR), which was calculated as (basal area, ,-basal area)/

t+1
years interval, where years is the number of years between the two
censuses (2014 and 2019). Secondly, the trees were divided into
three growth classes using quartiles: the lower growth rate in the
first interval (25th percentile and growth rate between 0.00008 and
0.0006cm? ha™ year™), the medium growth rate in the second inter-
val (50th percentile and growth rate between 0.0006 and 0.003 cm?
ha™! year®), and the higher growth rate in the third interval (75th
percentile and growth rate between 0.003 and 0.06 cm? ha™t year™).
Thirdly, from each growth class in each site, 20 trees were randomly
selected (totaling 120 focal trees, 60 in each site) using the “slice_
sample” function, in the dplyrpackage (Wickham et al., 2023). Finally,
to measure the neighborhood of each focal tree, we identified all
trees of at least 5cm DBH within a 5-m radius using a laser range-
finder (Figure 1a). We identified the species, and then measured
the stem size, height, and distance between the focal tree and each
neighboring tree (d;) while also identifying the species of each tree.
All radiuses selected had at least two species (Appendix S2). This
information was used to calculate neighborhood variables used in
the models.

We utilized plant functional traits, which are indicators of plant
functional strategies and are expected to be related to individual tree
growth and performance (Wright et al., 2004; Poorter et al., 2008;
Chave et al., 2009; Diaz et al., 2015). These traits included height
(H, m), leaf area (LA, cm?), specific leaf area (SLA, cm? g'i), leaf dry
matter content (LDMC, mg g%, and wood density (WD, g cm™).
Focal tree leaf traits were collected at the individual level (i.e., 10
leaves per individual), while neighborhood-tree leaf traits were ob-
tained from our Plant Ecology Lab database, available within the Try
Plant Trait Database (Kattge et al., 2020), and the average value per
species was considered. The species trait value within the database
is based on collected leaves from individuals of the same study re-
gion. Tree height data were collected at the individual level using a

laser rangefinder, while WD information was obtained mostly from
regional measurements (Missio et al., 2017; Oliveira et al., 2019), but
also from a global database (Chave et al., 2009). Measurements and
procedures to obtain information on functional traits from species
available in our database followed standardized protocols (Pérez-
Harguindeguy et al., 2013).

2.2 | Neighborhood and community metrics

To evaluate the impact of local neighborhood on focal tree growth,
we measured neighborhood variables. We calculated a NCl based on
the stem size and spatial distance of neighboring trees within a fixed

radius of 5m. The calculation is as follows (Equation 1):

DBsz

(1)

NCI; = Z

j ij

where dj;is the spatial distance between a focal individual i and a neigh-
bor tree j and DBHj is the DBH of neighbor tree j.

To enhance our comprehension of the relationship between
tree growth and neighborhood competition, we calculated distinct
indices for measuring the influence of neighborhood in the growth
of focal trees by using the neighborhood hierarchical mean trait
difference (h) and neighborhood absolute mean trait difference (s)

(Figure 1a), following Equations (2) and (3):

h= Y — (2)

and

_ Z[r-F

n;

5 (3)

The values of the functional trait of interest for the focal individ-
ual (i) and neighbors (j) are represented by F;and Fj, and n; is the num-
ber of neighbors. The individual focal trait data were obtained from
the tree used to measure growth, while the average trait value at the
species level was used to represent the neighbors’ traits, except for
tree height, which was used at an individual level. Specific traits used
for Equations (2) and (3) are hereafter identified by the letters ‘W and
‘s’, respectively, as for example Hh and Hs for the trait height (H).

These indices are associated with the trait-mediated ranks of
competitive abilities and niche differentiation, respectively (Kunstler
et al., 2012; Lasky et al., 2014; Carmona et al., 2019). We also cal-
culated both these indices weighted by neighbor coverage and size
(Yang et al., 2021), but as they were strongly correlated with the
previous ones, we employ only Equations (2) and (3).

Also, to test if the tree neighbors influence the focal tree's
growth, the mean phylogenetic distance of the focal tree to all their
neighborhood trees (mean PD), the community FD, and community
trait composition (CWM) were calculated. To calculate mean PD,
we constructed an ultrametric phylogeny using the V.PhyloMaker
package for all 73 species in the data set. We used the PhytoPhylo
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megaphylogeny as a backbone and added species absent from the
megaphylogeny as basal polytomies within their genera (scenario 1;
Qian & Jin, 2016). Our phylogenetic tree contains polytomies, which
result in uncertainty about the correct branching order of taxa. To
address this, we used the “bifurcatr” function in the PDcalc package
(Rangel et al., 2015) to randomly resolve polytomies. We ran the al-
gorithm 1000 times to explore the range of plausible phylogenetic
trees. Based on each of the 1000 phylogenetic trees, we calculated
the mean PD between the focal individual and all neighbor trees
within the radius (Castillo et al., 2010) and averaged the 1000 PD
values around each focal individual. Thus, this FD and trait compo-
sition were community metrics here. To compute FD, we calculated
Rao's quadratic entropy weighted by species’ relative abundance in
each community, that is, all trees within the radius (“mpd” function
in the picante package) (Kembel et al., 2010; de Bello et al., 2016).
We calculated FD using all traits (H, LA, SLA, LDMC, and WD).
Finally, we calculated the mean trait values of each community of
tree neighbors (CWM) accounting for species’ relative abundance in
each community (function “functcomp” in the FD package) (Laliberté
et al., 2015). We excluded the focal trees from the CWM and FD

calculations.

2.3 | Statistical analyses

To assess the effects of neighborhood interactions and community
structure on tree growth, we performed linear mixed-effect models
with AGR as the response variable and non-correlated neighbor-
hood variables as predictor. Species nested in sites were included
as a random variable, which allows us to show the conditional and

marginal coefficients of determination (R2C and R? | respectively).

m
Before constructing the models, we analyzed Pearson's correlation
between predictor variables to improve model estimation and re-
duce collinearity (Appendix S3). We selected variables for our mod-
els among those with correlation below 0.7. The variables selected
included NCI, neighborhood hierarchical trait difference (h), neigh-
borhood absolute trait difference (s, except for SLA), CWM, FD, and
mean PD (Appendix S4).

To better understand how neighborhood variables affect focal
tree growth, we constructed three types of models based on the cat-
egories of focal trees described above: (a) a model including all focal
trees, (b) models separating trees by growth class (i.e., faster, inter-
mediary, or slower growth), and (c) models separating trees by height
(i.e., taller or smaller focal trees) by using the height hierarchical dif-
ference (Hﬁ, Equation 3). We considered the tree height because the
competitive effects of trees may be proportional to their size (West
& Ratkowsky, 2022). The Hh equation postulates that positive values
indicate that the focal tree has higher trait values than neighboring
trees (or taller focal trees), while negative values indicate that the
focal tree has lower trait values than neighboring trees (or smaller
focal trees).

In the specific models considered, we fitted global linear mixed-
effect models (i.e., AGR~NCI+neighborhood hierarchical trait

S 50f11
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difference (h)+neighborhood absolute trait difference (s)+mean
PD+FD+CWM, random=~focal species identity/site) to predict
the AGR of focal trees (Appendix S4). Separate models were con-
sidered for each type of model. To identify the most parsimonious
set of neighborhood variables influencing focal tree growth, we
used stepwise backward regression analysis based on the Akaike
Information Criterion (AIC) (Burnham & Anderson, 2002; McCullagh
& Nelder, 1989). The “stepAlC” function in the MASS package was
used for this purpose (Venables & Ripley, 2002). To enable a bet-
ter comparison between predictors at different measurement units,
we standardized these variables to zero mean and unit variance
(Schielzeth, 2010). We used the “Ime” function in the nlme R package
(Pinheiro & Bates, 2023). We conducted a further analysis to unveil
general patterns using quantile regression models (see Appendixes
S5, S6 and S7). All statistical analyses were performed in R version
4.3.2 (R Core Team, 2023).

3 | RESULTS

In this study, we selected 120 focal trees from 43 species and
measured 1518 neighboring trees from 71 species (Appendix S2).
Most frequent focal trees were Araucaria angustifolia (16 individu-
als), Myrceugenia myrcioides (10 individuals), and llex microdonta
(nine individuals). The most common neighboring tree species are
Myrceugenia myrcioides (180 individuals), Myrcia retorta (137 indi-
viduals), and Araucaria angustifolia (131 individuals). Overall, there
were 1518 neighboring individuals from 142 species (for more de-
tails see Appendix S2). The average number of species in neighbor-
hood communities was seven, with a range from two to 14 species,
indicating considerable variability in composition. When consider-
ing all focal tree individuals together, the best predictors included
SLA hierarchical trait difference (SLAF) and mean PD of the focal
tree and its neighborhood (Table 1 and Figure 2). Lower SLAh values
and higher mean PD values were linked to higher growth (Figure 2a),
which means that trees with lower SLA values than their neighbor
species (i.e., negative SLAh values, Appendix S4) and surrounded
by more distantly related species (i.e., higher mean PD) are grow-
ing better. These effects were maintained only partially when
separating the focal trees by growth class and size. SLAh affected
smaller individuals more strongly and PD taller ones. PD also af-
fected faster-growing individuals, whereas SLAh was not significant
in models splitting the trees into growth class categories. Moreover,
when splitting focal individuals by growth classes and size, we found
some different predictors. We specifically found faster-growing
trees were negatively associated with height absolute trait differ-
ence (Hs) (Figure 2b) and positively associated with mean PD, CWM
SLA, and CWM WD (Figure 2c). While the increase in CWM SLA
could be conceptually linked to SLAh (i.e. neighbors having higher
SLA values than focal trees), the two values were considerably re-
lated to growth. So, trees that are in the faster AGR category grow
more when they are more similar in height but distantly related to
the neighborhood, and these neighbors reveal higher SLA and WD
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TABLE 1 Results of linear mixed-effect models used to assess
the impact of neighborhood trait differences, both hierarchical (F)
and absolute (s), mean phylogenetic distance (PD), and community-
weighted mean of traits (CWM) on the annual growth rate (AGR) of
focal trees.

Neighborhood Community
Models difference Coef. structure Coef.
All Focal SLAR -0.27*
WDs 0.21
R?,=0.15; Mean PD 0.42**
R? =0.17
Faster AGR Hs -0.17* CWM SLA 0.27**
R? =0.47; Mean PD 0.30**  CWMWD 0.31**
R?.=0.47
Intermediary LDMCh -0.10 NCI -0.10
AGR _
WDh 0.11 CWM LA -0.09
R? =0.36; LAS 0.10 CWMH 0.07
2 _
R%=036 WDs 0.09
Slower AGR  sLAh 0.20 CWMLDMC  -0.19
R? =0.20; Hh 0.17
R%c=0.20
Taller LAR -0.36* NCI -0.23
R? =0.27; Mean PD 0.69**  CWMWD 0.31
R? =0.39
Smaller SLAh -0.65* NCI -0.40
LDMCh -0.52 CWM LA -0.37
R? =0.27; Hh -0.34 CWMLDMC  -0.37
R%.=0.39 _
¢ LAS -0.41
WDs 0.54*

Note: The models were analyzed separately for all focal trees and for
focal trees categorized by growth classes (slower, intermediary, and
faster) and height (smaller and taller). The functional traits include
specific leaf area (SLA), individual height (H), leaf area (LA), and wood
density (WD). Information on R? values, standardized coefficients
(Coef.), and significant effects (**, p<0.005; *, p<0.05) in the models
are represented.

mean community values. The growth of trees of the intermedi-
ary and slower-growth class was not associated with any variable.
Finally, the growth of taller focal trees was negatively associated
with LAh (i.e., those with smaller leaves than their neighbors grow
more, Figure 2a), while smaller trees were negatively associated
with SLAh (as for all trees) and positively with WDs (i.e., more dis-
similar trees grow more, Figure 2b) (Table 1). NCl and FD were not

relevant in predicting the growth rates of studied trees.

4 | DISCUSSION

In our study, we aimed to investigate the influences of neighboring trees
on the growth of focal trees. Our findings revealed that both functional
and phylogenetic distances play a role in shaping the growth of focal
trees but that their effects are modulated depending partially on the

traits examined and the growth class, and on the light capture abil-
ity of the focal trees analyzed. We need to highlight that we measure
AGRs based on basal area increment, which may not always align with
long-term wood productivity. Additionally, other variables influence
the seasonal dynamics of tree growth and woody biomass production,
including intra-annual climatic variability, which remains largely unex-
plored (Cherubini, 2024). This demonstrates the complexity of trait
interactions with the individual growth capacity in determining tree
growth rates of forest communities. We found that the surrounding as-
sembly composed of species from different clades (higher phylogenetic
distance) lead focal trees, independently of their growth class, to grow
more, indicating limiting similarity. Additionally, we observed that the
absolute height and WD differences between a focal tree and its neigh-
bors did impact the growth rate of faster-growing trees and smaller
trees, respectively. Among other consistent effects, communities com-
posed of species with acquisitive leaves (higher CWM SLA) but denser
steam structures (higher WD) positively affected faster-growing trees.
In general, greater SLA than focal trees (SLAh) decreased the growth
of focal trees, although the relationship was weak, which was also
observed for smaller trees. For taller trees, greater LA than focal in-
dividuals (LAﬁ) decreased the growth of trees. Thus, different specific
predictors depend on focal AGR and size. Overall, our models revealed
that differences in trait hierarchies, specifically related to leaf construc-
tion cost and structural support, significantly influenced the growth of
trees in South Atlantic forests. By examining the relationships between
neighboring trees and focal tree growth, our study provides valuable
insights into the complex dynamics of tree interactions and their impli-

cations for overall forest ecosystem dynamics.

4.1 | Overall strategies that improve tree
performance

The AGR considering all focal trees together and the most success-
ful ones, which had faster growth and reached the taller ones, were
positively correlated with the mean phylogenetic distance between
the focal tree and its neighboring trees. Our results indicate that
the evolutionary relationships among co-occurring species in our
study area significantly predict individual performance. Specifically,
the greater the phylogenetic distance between the focal tree and
its neighbors, the greater the individual performance. This finding
emphasizes that functional and ecological similarities are influenced
by common ancestry patterns (Webb et al., 2008), as distantly re-
lated species contribute to coexistence patterns and individual per-
formance. Consequently, more distantly related species may exhibit
greater ecological differentiation due to limited similarity (i.e., lower
niche overlap) (Webb, 2000), reducing competition and enhancing
growth. Additionally, phylogenetic relatedness can impact individual
performance indirectly since phylogenetically distant species can
promote reduced competition by avoiding host-specific pathogens
and pests (Gilbert et al., 2015).

Differences in trait hierarchies were a significant growth driver,
considering all focal and taller trees. However, it is important to
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FIGURE 2 Standardized regression coefficients of the best-fitted model for modeling focal tree growth by neighborhood hierarchical

(E) and absolute trait difference (s), mean phylogenetic distance (mean PD), and community-weighted mean (CWM) of functional traits. The
models include (a) all focal trees, model separating trees by (b) faster, (c) medium, and (d) slower growth class, and model separating trees

by height, with (e) taller and (f) smaller focal trees. The functional traits considered were SLA, LA, WD, and individual H. Each point is a
standardized regression coefficient, and each line segment is a 95% percentile confidence interval respectively. Confidence intervals that do
not cross the zero baseline indicate statistically significant effects (**, p<0.005; * p<0.05).

highlight that the relationships between traits and specific types
of focal trees exhibited variation. Notably, traits related to nutrient
conservation (lower SLA values) showed a negative association with
growth for all focal trees and smaller trees, although the relationship
was weak (Figure 2a). In addition, traits associated with light capture
(LA) exhibited a similar negative association with growth, but specif-
ically for taller trees. These patterns follow a hierarchical structure,
reflecting competitive dynamics. For instance, trees with relatively
lower SLA and LA values than their neighbors demonstrated im-
proved individual performance.

The observation that focal trees with better performance and
greater competitive ability have tougher and smaller leaves com-
pared to their neighbors suggests that local conditions, including low
nutrient availability and temperatures, favor conservative leaf strat-
egies associated with lower SLA and LA values to optimize resource
uptake in an environmental context of low temperatures (Kraft

et al., 2014; Bennett et al., 2016; Klipel et al., 2023). Additionally, it
is important to note that taller trees are likely to receive an adequate
amount of light for photosynthesis, but they are also exposed to
varying temperatures, ranging from low to high temperatures in the
forest canopy. Therefore, having smaller leaves becomes a successful
strategy for thriving in the community in such subtropical Atlantic
forests. The weak relationship between SLAh and SLA of all focal
trees may be due to the different sizes of focal trees and, therefore,
the different spaces these trees occupy in the forest canopy.

We observed that the absolute height difference (Hs) between
a focal tree and its neighbors did affect the growth rate of faster-
growing trees. Tree height is a good predictor of crown exposure
and light competition. It is widely observed that taller trees tend to
have a competitive advantage over smaller ones, leading to varia-
tions in tree heights (Kraft et al., 2014). However, contrary to find-
ings in other studies (Goldberg et al., 2017; Carmona et al., 2019;
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Yue et al,, 2022), our study revealed that individuals surrounded
by neighbors of more similar heights exhibited greater growth. The
mechanisms explaining this effect still need to be fully understood
but could result from complementary crown architectures where
species coexist and compete relatively equally (Hubbell, 2006;
Sapijanskas et al., 2014). In this scenario, the improvement in tree
performance due to strong height similarity may indicate a symmet-
rical competition. The height growth of one tree encourages another
tree's growth, leading to higher stem growth rates in a community
with similar heights.

Furthermore, the local neighborhood trait composition was
significantly associated with the performance of faster-growing
trees. For instance, faster-growing trees tend to be surrounded by
a trait environment characterized by high WD and SLA values. The
WD represents the plant's investment in biomass per unit of wood
volume, indicating that tree communities with denser wood are
often associated with slow-growing species (Chave et al., 2009),
and can also be an indicator of a late-successional or old-growth
forest. Typically, species with low WD prioritize height growth for
better light conditions in the canopy, while species with high WD
focus on expanding their crowns horizontally for enhanced light
interception in the shaded forest understorey (lida et al., 2012).
Then, the similar heights of faster-growing trees and their neigh-
bors, with the predominance of high WD in the community, can
again be an indication of the presence of interacting comple-
mentary crown architectures and an old-growth neighborhood
structure.

Additionally, tree communities with thinner and lighter leaves,
represented by high SLA values, generally exhibit high photo-
synthetic assimilation, respiration rates, and shorter leaf lifespan
(Wright et al., 2004). High SLA enables rapid resource acquisition
(acquisitive strategy) and generally predominates in communities
under less stressful conditions, whereas species with more con-
servative leaf strategies predominate under more stressful con-
ditions (e.g., lower temperature and soil fertility). Concerning the
local environmental conditions in subtropical Brazilian Atlantic
forests, in a community where neighboring trees generally pos-
sess softer leaves and denser wood, focal individuals may expe-
rience facilitation rather than competition from their neighbors.
The coexistence of trees differing in architecture and light cap-
ture strategy can result in faster growth for the focal trees. This
scenario reflects how the coexistence of different tree species or
individuals within the forest can be context-dependent and struc-

turally complex.

4.2 | Additional strategies for performance
enhancement —the case of smaller trees

Smaller trees improve performance when they possess lower SLA
values than their neighbors (SLAF), reflecting competitive dynam-

ics within the smaller trees. This finding aligns with the pattern

identified in the overall focal trees model. The local conditions (i.e.,
low nutrient availability and temperatures) favor conservative leaf
strategies associated with lower SLA to optimize resource uptake,
mainly for smaller individuals where competition for resources can
be more intense. Furthermore, these smaller trees exhibit increased
growth when surrounded by trees that exhibit high dissimilarity in
WDs. WD is associated with the hydraulic properties of the xylem
and the acquisition of soil nutrients (Chave et al., 2009), with higher
dissimilarity in WD indicating a greater level of niche differentiation
among individual trees, facilitating resource partitioning. The pres-
ence of trees with diverse WD patterns may contribute to greater
FD within the community. In challenging environments, this diversity
can offer broader adaptive responses to specific conditions, thereby
favoring the performance of smaller focal trees. These differences in
WDS and SLAh contribute to smaller trees' growth dynamics within
their specific environmental context such as the understorey and
shade conditions.

5 | CONCLUSION

Overall, our results indicate that multiple factors influence the rela-
tive growth and competitive outcome among subtropical trees.
These factors include differences in leaf construction cost, hydrau-
lic conductance, and tree size, as well as the PD between the focal
tree and its neighboring trees. In general, trees with more conserva-
tive leaves relative to their neighborhood performed better than the
opposite, which seems to be a better strategy considering the local
environmental conditions of the studied forests (cold and low fertil-
ity). Similar heights but more distinct WD relative to the neighbors
also affected the growth rate of focal trees, revealing the influence
of whole-plant structure on tree growth patterns inside mature for-
ests. Finally, being phylogenetically distant from species present in
the neighborhood positively impacts the individual performance of
studied tree species. We emphasize that to accurately assess the ef-
fects and predict the consequences of climate change, including tree
mortality and migration, it is crucial to obtain tree dynamic data from
long-term forest plot monitoring. Field-based data enable us to gain
a deeper understanding of how competition and functional charac-
teristics influence tree performance, growth, and forest productiv-
ity. This knowledge constitutes a baseline for implementing effective
ecological restoration and conservation strategies to mitigate the im-

pact of global change on biodiversity and ecosystem services.
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