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Abstract

Significant changes in the composition of tree species have been observed in various forests world-
wide. We hypothesised that these changes might result from variable sensitivities of species to
global change, and species sensitivities might be quantified, using functional traits. Employing long-
term (1978–2010) species abundance data of 48 tree species from a permanent subtropical forest
plot, where multiple global change factors have been observed, including soil drying, we examined
the relationships between temporal trends in abundance and suits of functional traits. We found that
species with high photosynthesis rates, leaf phosphorus and nitrogen concentrations, specific leaf
area, hydraulic conductivity, turgor loss point and predawn leaf water potential had increased in
abundance, while species with opposite trait patterns had decreased. Our results demonstrate that
functional traits underlie tree species abundance dynamics in response to drought stress, thus linking
traits to compositional shifts in this subtropical forest under global changes.
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INTRODUCTION

In recent decades, global climate changes (such as rising atmo-
spheric CO2 concentration, climate warming, and altered rain-
fall) have impacted vegetation worldwide (Lewis et al. 2009;
Fauset et al. 2012; Soudzilovskaia et al. 2013). From the Arc-
tic tundra to tropical rainforests, changes in the phenology,
distribution, diversity, and community structure of plants
have been widely observed (Parmesan 2006; Allen et al. 2010;
Zhou et al. 2014). For instance, rising atmospheric CO2 con-
centration, decreasing cloud cover and increasing solar radia-
tion may ease several critical constraints to plant growth,
leading to an increase in net primary production at a global
scale (Nemani et al. 2003). At regional scales, it has been
shown that global change-related environmental variability
could potentially influence temporal changes in species com-
position, demographic rates, and biomass (Barber et al. 2000;
Lewis et al. 2004; Phillips et al. 2004; van Mantgem et al.
2009; Feeley et al. 2011; Luo & Chen 2013; Brienen et al.
2015). Despite these well documented changes, forecasting the
future impacts of global change on vegetation continues to
present a formidable challenge (Van Bodegom et al. 2012).
A critical step towards accurately predicting climate change

impacts on vegetation involves understanding how the

performance of a particular species is influenced by climate
variables such as temperature and rainfall, as well as by its
interaction with other species. Estimating these relationships
requires long-term data, obtained under conditions where
other anthropogenic factors such as land use change have a
minimal impact. Measuring the responses of plant species to
climate changes, using functional traits constitutes an
improvement over traditional analyses, since functional traits
of a plant species directly affect its performance under envi-
ronmental change, and thus might increase our ability to
understand global change drivers influencing species abun-
dances (Van Bodegom et al. 2012; Mouillot et al. 2013).
Soudzilovskaia et al. (2013) recently investigated whether
plant functional traits can be used to predict changes in
herbaceous species abundance in response to variations in
temperature. Using long-term species abundance and func-
tional trait data from meadow communities in the species-rich
alpine belt of the Caucasus Mountains, they found that the
observed responses of species abundance to different tempera-
tures could be well predicted using a few functional traits.
The authors further concluded that species with high resource
investment into structural traits (e.g. thick leaves and low
specific leaf area) and high quality seed production are
better adapted to climate warming. Their approach provides
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a simple yet powerful method to predict future changes in
species abundance, using a few readily measurable plant
functional attributes.
The present study was conducted in a species-rich subtropi-

cal evergreen forest in southern China, where significant
changes in species abundance have been observed over a
32-year period (from 1978 to 2010), and these changes have
been attributed to climate change-induced soil drying (indi-
cated by the decline of soil water content), which might result
from global warming and enhanced rainfall seasonality with
increases in the number of rain-free days, particularly during
the dry seasons (Zhou et al. 2013). To explore potential dri-
vers underlying the observed changes in species abundance of
this forest community, we used an extensive data set on suites
of functional traits to assess whether the observed changes in
species abundance are related to their differences in functional
traits. Specifically, we used a long-term (1978–2010) data set
on the abundances (measured as total basal area, that is, the
sum of the cross-sectional areas at breast-height of all individ-
uals for each study species) of 48 dominant tree species, which
account for 92% of the individuals in this subtropical forest
community (Appendix S1 in the Supporting Information), and
quantified a number of key functional traits that are direct
measures of species resource acquisition strategies (leaf nitro-
gen and phosphorous concentrations, CO2 assimilation rates,
stomatal conductance, and stem hydraulic conductivity), as
well as the ability of trees to cope with drought stress (xylem
resistant to cavitation, stem hydraulic safety margin, predawn
leaf water potential and leaf turgor loss point). Our hypothe-
sis was that the changes in species abundance over time are a
result of the difference in their functional traits, which allowed
individual species to perform differently in resource acquisi-
tion and/or drought tolerance under global change.

MATERIALS AND METHODS

Study site, climatic parameters, and community surveys

The study site comprised an 1-ha permanent forest plot,
located in the Dinghushan Biosphere Reserve (23°09021″ N–
23°1130″ N, 112°32039″ E–112°35041″ E), about 84 km west
of Guangzhou city, southern China. The region has a typical
southern subtropical monsoon climate with annual average
precipitation of 1678 mm, about 80% of which falls in the
wet season from April to September, resulting in distinct sea-
sonality of precipitation (Zhou et al. 2011). In 1978, an 8-ha
experimental site was established in the core area of the
reserve, with the 1-ha permanent forest plot towards the cen-
tre of the site. The plant community was characterised as a
species-rich old-growth subtropical lowland evergreen forest,
which has not been disturbed for more than 400 years, as evi-
dently shown in a 14C dating study on the forest soil (Shen
et al. 1999), and a study on the successions of the forest com-
munity in Dinghushan (Wang & Ma 1982). In total, eight
community surveys were performed in this permanent plot in
1978, 1982, 1992, 1994, 1999, 2004, 2008, and 2010, respec-
tively. All living stems ≥ 1 cm in diameter at breast height
(DBH) were identified and labeled. During the course of long-
term monitoring, no noticeable disturbance events were

observed, for example, charcoal in soils and tree stumps with
fire scars have not been found since the first survey in 1978
(Zhou et al. 2013). We used total basal area (BA) of each
individual tree species to quantify its change in abundance
over time, and BA was calculated as the sum of the cross-sec-
tional areas at breast-height of all individuals for that species
(Potvin & Gotelli 2008).

Measurements of functional traits

We selected 12 functional traits to represent the major axes of
tree functional variations. For each species, three to five indi-
viduals with DBH comparable to the mean DBH value of
that species were sampled (Appendix S2). Traits of 19 out of
the 48 study species were collected in an earlier work by Zhu
et al. (2013), the rest were measured in this study.
We quantified the carbon, phosphorus and nitrogen econ-

omy of leaves by measuring specific leaf area (SLA), phospho-
rus concentration per leaf unit mass (Pmass), and nitrogen
concentration per leaf unit mass (Nmass), which can be consid-
ered as part of the leaf economics spectrum (Reich et al.
1997; Wright et al. 2004a). For leaf area measurements, 20
fully expanded sun-exposed leaves in the canopy of three to
five individuals per species were measured with a leaf area
meter (Li-3000A; Li-Cor, Lincoln, NE, USA), with petioles
and/or rachis removed. For shade-tolerant species grew in the
understory, their leaves were collected from the top portion of
the canopy. Leaves were oven-dried at 70 °C for 48 h to
determine dry mass. SLA (cm2 g�1) was calculated as leaf
area per dry mass. The over-dried leaves were then ground to
fine powder. Nmass (mg g�1) was determined by Kjeldahl anal-
ysis, and Pmass (mg g�1) was measured using atomic absorp-
tion spectrophotometry.
We quantified light-capturing strategies via maximum CO2

assimilation rate per unit mass (Amass; nmol g�1 s�1) and
stomatal conductance per unit mass (gs; mmol g�1 s�1). Mea-
surements of maximum CO2 assimilation rate per unit area
(Aarea; lmol m�2 s�1) and stomatal conductance per unit area
(gsa; mol m�2 s�1) were conducted between 9 : 00 and 11 : 00
am on sunny days with a Li-6400 portable photosynthesis sys-
tem (Li-6400, Li-Cor). Based on preliminary trials, the photo-
synthetic photon flux density was set at 1500 lmol m�2 s�1 to
ensure that light-saturated photosynthetic rates were reached
for all species. Ambient CO2 and air temperature were main-
tained at 390 lmol mol�1 and 28 °C respectively. Prior to the
data being recorded, leaves were exposed to the above condi-
tions for 5–10 min to allow for photosynthetic parameter sta-
bilisation. For each species, five to ten fully expanded sun-
exposed leaves were measured. Amass was calculated as
SLA 9 Aarea/10, and gs was calculated as SLA 9 gsa/10.
We measured traits that relate to branch hydraulic conduc-

tivity via sapwood density (WD) and sapwood-specific
hydraulic conductivity (KS). In brief, five to ten healthy and
leaf-bearing branches (6–8 mm in diameter, 40–60 cm long)
from three to five individuals per species were cut in the early
morning, sealed in black plastic bags with moist towels, and
immediately transported to the laboratory. Prior to measure-
ments, branch samples were re-cut under water, with the cut
ends being trimmed with a razor blade. To remove air embo-
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lisms, branch segments were perfused with a filtered (Ø
0.2 lm) 20 mmol KCl solution at a pressure of 0.1 MPa for
20 min. Each segment was then connected to a hydraulic con-
ductivity-measurement apparatus, following Sperry et al.
(1988). An elevated water reservoir supplied the same perfu-
sion solution to the segment, with a head pressure of ~ 6 kPa.
Water flow through the segment was allowed to equilibrate
for ~ 10 min, after which the mass of water flux through the
segment over time (in seconds) was measured. The maximum
hydraulic conductivity of the segment (Kh) was calculated as
Kh = FL/DP, where F is the flow rate (kg s�1), DP is the pres-
sure gradient (MPa) through the segment, and L is the length
of the segment (m). For sapwood area (As), stem diameter
(without bark) and pith diameter were measured, and the sap-
wood area was calculated as stem area subtract the pith area.
KS (kg m�1 s�1 MPa�1) is equivalent to Kh divided by the
mean value of the sapwood cross-sectional area of both ends
of the branch segment. Leaf area (Al) of all the leaves distal
to the branch was measured with a leaf area meter (Li-3000A;
Li-Cor). The higher the Al/As ratio, the greater amount of leaf
area per unit area of sapwood were able to carry. WD
(g cm�3) was determined from the same branch segments as
used for the hydraulic conductivity measurements. The vol-
ume of fresh sapwood (with bark and pith removed) was
determined by the water displacement method (Poorter et al.
2010), and its dry mass was subsequently determined after
oven-drying at 70 °C for 72 h. Then WD was calculated as
the ratio of dry mass to fresh volume.
We also quantified stem drought tolerance by measuring

xylem tension causing 50% loss of the KS (w50). To measure
xylem vulnerability to cavitation, we used the air-injection
method to determine xylem vulnerability curves (Cochard
et al. 1992). Branch segments (~ 40–60 cm in length) were
introduced into a pressure chamber (PMS, Corvallis, OR,
USA) with both ends protruding. Proximal ends were con-
nected to the hydraulic measuring equipment, and the maxi-
mum conductivity was measured. Subsequently, the pressure
in the chamber was increased to 0.5 MPa and maintained for
10 min, and then lowered to 0.01 MPa and held for 20 min
(to allow system equilibration), after which the branch
hydraulic conductivity was measured. This process was
repeated, and the injection pressure was increased by 0.5 or
1 MPa increments until more than 80% of the KS was lost.
The residual pressure inside the chamber was maintained to
ensure that no refilling could occur during the measurements.
We fitted a vulnerability curve by following the equation
below (Pammenter & Vander Willigen 1998):

PLC ¼ 100

1þ expðaðP� bÞÞ ð1Þ

where PLC is the percentage loss of hydraulic conductivity, P
is the applied pressure, b is the pressure causing 50% loss of
hydraulic conductivity (�w50).
Leaf water potential at predawn (wpd) and midday (wmd) of

all the studied species was measured in the field using a pres-
sure chamber (PMS) in the middle of the dry season. For each
species, fully expanded mature leaves from three to five trees
were collected, and wpd measurements were proceeded at
6 : 00 am and completed before sunrise. For midday leaf

water potential, leaves exposed to direct solar radiation were
collected, and wmd measurements were carried out between
12 : 30 and 14 : 00 pm. Stem hydraulic safety margin (SM) is
defined as the difference between minimum stem water poten-
tial and the point which xylem tension inducing 50% loss of
hydraulic conductivity (wmd � w50). SM indicates the degree
of conservatism in a plant’s hydraulic strategy, such that
plants with narrow SM may face large potential risk of
hydraulic failure (Choat et al. 2012).
Leaf turgor loss point (wtlp) is a key trait in assessing

drought tolerance among species and biomes (Bartlett et al.
2012). Plants with high (less negative) wtlp tend to close stom-
ata early to avoid an excessive loss of cell water at low soil
water availability (Brodribb & Holbrook 2003). wtlp was
derived from the leaf pressure–volume relationships. Leaf-
bearing branches from three to five individuals of each species
were harvested and transferred to the laboratory where the
basal ends of the branches were immersed in distilled water
and re-cut. The branch samples were rehydrated until the leaf
water potential was greater than �0.05 MPa. Leaves were first
weighed to obtain the initial fresh mass and then immediately
placed in a pressure chamber to determine the initial water
potential. Leaf mass and water potential were measured peri-
odically during slow desiccation in the laboratory. Finally,
leaves were oven-dried for 48 h at 70 °C to obtain their dry
mass. Leaf water potential at turgor loss point (wtlp) was
determined with a pressure–volume relationship analysis pro-
gram developed by Schulte & Hinckley (1985).

Statistical analysis

To test whether species abundance (measured as total basal
area; m2 ha�1) dynamics can be predicted by individual func-
tional traits, we conducted a two-step statistical analysis.
Firstly, we examined the response of species-specific total
basal area to year using simple linear regressions. The coeffi-
cient of regression slope is referred to as ‘abundance-year
slope’, and the variation of the regression coefficients as
‘CV’. Steep abundance-year slopes indicate strong temporal
trends of species abundance dynamics and CVs reflect the
confidence boundaries of the relationships. Significant positive
regression slopes indicated that species abundances increased
(P < 0.05). By contrast, significant negative regression slopes
implied that species decreased in abundance (P < 0.05),
whereas non-significant regression slopes denoted that species
underwent minimal change (P ≥ 0.05). Before data analysis,
all data were standardised such that species differing in abun-
dance could be compared (Lasky et al. 2015):

zi ¼ xi � x

rx
ð2Þ

where zi is the standardised data, xi is the abundance of a
given species in year i, x is the mean value of the species
abundance of the eight community surveys, and rx represents
the standard deviation of the species abundance.
Secondly, we tested whether the species-specific responses

could be predicted by plant functional traits. We performed
weighted least-squares regressions with species-specific abun-
dance-year slope as the response variable and trait values
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(averaged from multiple samples) of individual species as
predictor. The weights of the response and predictor variables
for individual pairs were the inverse of the CVs of the abun-
dance-year slopes, allowing species with more significant
abundance–year relationships to have larger weights in the
analysis (Soudzilovskaia et al. 2013). Additionally, we exam-
ined whether individual trait values differed among species
groups that had different qualitative trends, that is, increase,
decrease or non-significant change over time using one-way
analysis of variance (ANOVA).
To better meet the assumptions of normality and homoge-

nous variances, both abundance and trait values were trans-
formed by base 10 logarithm. To examine multivariate
associations among the traits, we used principal component
analysis (PCA). The relationships between species loadings on
the first two PCA axes and abundance-year slopes of individ-
ual species were then analysed with weighted least-squares
regressions. Mean factor loading values of the three species
groups showed different trends in abundance (increase,
decrease or non-significant change) on the first two axes were
also tested by one-way ANOVA, to examine whether the three
species groups differed significantly along the PCA axes. All
data used in the analyses are provided as Supporting Informa-
tion in Appendix S1. All the analyses were conducted in R
3.20 (R Foundation for Statistical Computing).

RESULTS

Among the 48 tree species investigated in this study, 18 spe-
cies showed significant decreases in their abundance, 10 spe-
cies had no significant change, and the abundance of 20
species increased significantly during the course of the present
study (Appendix S1). We found that Nmass, Pmass and SLA
were positively correlated with the abundance-year slopes, and
species that exhibited increases in abundance had significantly
higher values (on average) of Nmass, Pmass, and SLA than spe-
cies that showed decreases in abundance (Fig. 1a–c), whereas
non-significant correlations were observed between WD and
the changes in species abundance over time (Fig. 1d).
For photosynthesis traits, the relationships between abun-

dance-year slopes and Amass and gs were positively correlated,
and species that increased in abundance on average had sig-
nificantly higher Amass and gs than species that decreased in
abundance (Fig. 2a, b). Similar patterns were found for
hydraulic traits, where KS and Al/As were positively correlated
with the abundance-year slopes, and species that increased in
abundance on average had significantly higher KS and Al/As

than species that decreased in abundance (Fig. 2c, d).
With respect to drought tolerance traits, the abundance-year

slopes were negatively correlated with wtlp and wpd, and
species showed increases in abundance had significantly higher

Figure 1 The relationships between functional traits and abundance-year slopes of individual species: (a) Leaf nitrogen concentration (Nmass), (b) leaf

phosphorus concentration (Pmass), (c) specific leaf area (SLA), and (d) sapwood density (WD). White, grey, and black circles indicate species decrease, non-

significant change, and increase in abundance, respectively. A dashed line denotes a non-significant relationship between trait and abundance-year slopes.

Insets: differences in functional trait values among species groups with different trends in abundance. Species groups are: D, species decreased significantly

in abundance (n = 18 species); N, species had no significant change in abundance (n = 10 species); I, species increased significantly in abundance (n = 20

species). Boxplots represent median (line), 25–75 quartiles (boxes), 5th and 95th percentile values (error bars) and extreme values (circles), respectively.

Different letters above column indicate a significant difference (P < 0.05).
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(less negative) wtlp and wpd than species displayed decreases in
abundance (Fig. 3a, b). However, the abundance-year slopes
were not significantly correlated with w50 and SM, and there
were no differences in w50 and SM among species groups
(Fig. 3c, d).
In order to analyse multivariate strategies of species, we

conducted a principal component analysis (PCA) on 12 func-
tional traits across the 48 species (Table S1). The first two
principal components captured 44.1% of the variance, with
30.1% in the first axis (Fig. 4a). PCA axis 1 showed strong
positive loadings for leaf nutrient concentrations (Nmass and
Pmass), photosynthetic-related traits (Amass and gs) and stem
hydraulic conductivity (KS), while WD and wtlp were loaded
at the negative end. The second axis explained 14.0% of the
variation, and was primarily structured by w50, SM and wpd

(Fig. 4b). We found that species loadings on the first two axes
were significantly correlated with the abundance-year slopes,
and that species groups with contrasting trends in abundance
(decrease or increase) were well separated along the first two
axes (Fig. 4c, d), indicating that the divergence of multiple
functional traits loaded on the first two axes was closely asso-
ciated with distinct trends in species abundance over time.

DISCUSSION

Drought resulting from decreasing rainfall or increasing tem-
perature (or both) may alter forest composition (Carnicer
et al. 2011; Fauset et al. 2012). At our study site, although
annual precipitation had not changed significantly during the

course of our study, the annual number of rain-free days had
significantly increased, coupled with warming that increases
evapotranspiration, resulting in significant decreases in soil
moisture, particularly during the dry season (Fig. S1). We
therefore expected that the climate change-induced soil drying
combined with higher vapour pressure deficit (VPD) might
impose a strong influence on the compositional shifts in this
subtropical forest (Zhou et al. 2013). In the present study, we
found that suites of functional traits displayed a tight associa-
tion with the observed species temporal trends in abundance.
We showed that species with high hydraulic conductivity (high
KS and Al/As) and carbon fixation rates (high Amass and gs),
low resource input into construction (high SLA) and a luxury
nutrient use strategy (high Nmass and Pmass) increased their
abundance, whereas species with the opposite trait patterns
decreased in abundance. For example, compared with species
that had decreased in abundance, species with increasing
abundances had on average 93% higher hydraulic conductiv-
ity, 46% higher photosynthesis rate, 44% higher leaf phos-
phorous concentration, 20% higher leaf nitrogen
concentration and 18% higher specific leaf area (Table S2).
Our results indicate that species with life histories for rapid
growth (high Nmass, Pmass, SLA, Amass, gs, KS, and Al/As)
increased their abundance over time. This directional change
in species abundance is likely attributed to a combination of
drier soil and higher VPD during the course of our study in
this subtropical forest. Because under circumstances where
water availability became critical in these habitats, traits asso-
ciated with fast growth can confer a demographic advantage

(a) (b)

(c) (d)

Figure 2 The relationships between functional traits and abundance-year slopes of individual species: (a) maximum CO2 assimilation rate per unit mass

(Amass), (b) stomatal conductance per unit mass (gs), (c) sapwood-specific hydraulic conductivity (KS), and (d) leaf area/sapwood area ratio (Al/As). Insets:

differences in functional trait values among species groups with different trends in abundance. Figure explanations are provided in Fig. 1.
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Figure 3 The relationships between functional traits and abundance-year slopes of individual species: (a) turgor loss point (wtlp), (b) predawn leaf water

potential (wpd), (c) xylem tension at 50% loss of hydraulic conductivity (w50), and (d) hydraulic safety margin (SM). Insets: differences in functional trait

values among species groups with different trends in abundance. Figure explanations are provided in Fig. 1.

Figure 4 A principal component analysis on 12 functional traits of the 48 study species. (a) Loading plots for the first two axes; (b) species loadings on the

first and second axes; (c-d) relationships between species loadings on the first two axes and abundance-year slopes of individual species. Insets: differences

in functional traits among species groups with different trends in abundance. Figure explanations are provided in Fig. 1. Nmass, leaf nitrogen concentration;

Pmass, leaf phosphorus concentration; WD, sapwood density; SLA, specific leaf area; Amass, maximum CO2 assimilation rate per unit mass; gs, stomatal

conductance per unit mass; KS, sapwood-specific hydraulic conductivity; Al/As, leaf area/sapwood area; wtlp, turgor loss point; w50, xylem tension at 50%

loss of hydraulic conductivity; wpd, predawn leaf water potential; SM, stem hydraulic safety margin.
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and allow for increased abundances, which are consistent with
findings in a number of previous studies (Wright et al. 2004b;
DeWalt et al. 2010; Enquist & Enquist 2011; Schnitzer &
Bongers 2011; van der Sande et al. 2013).
As soil became drier and VPD increased, one would expect

that species with more drought tolerance traits could increase
in abundance over time. Indeed, we found species that
increased in abundance had significantly less negative wtlp than
species that decreased in abundance. Species with less negative
wtlp tended to close stomata earlier than species with more
negative wtlp to prevent the risk of water loss and cavitation
with decreasing water potential, thus making hydraulic failure
less likely (Brodribb & Holbrook 2003; McDowell et al. 2011;
Bartlett et al. 2012). Stomatal closure in species with less nega-
tive wtlp may diminish their carbon assimilation (McDowell
et al. 2008), but high KS and Amass of these species may allow
species to conduct more photosynthesis in a shorter period of
time during the dry season (Chen et al. 2015). Furthermore,
we found species that increased in abundance had significant
higher (less negative) wpd than species that decreased in abun-
dance during the dry season. The less negative values of wpd

indicate species maintained relatively better internal water sta-
tus (Bucci et al. 2009), which would give them a competitive
advantage (e.g. the maintaining of high photosynthesis rates)
during the dry season and allow species to increase in abun-
dance over time (Schnitzer 2005). In addition, we showed in
an earlier study that this forest community is undergoing a
transition with decreasing canopy individuals with large DBH
and height (Zhou et al. 2013), which might be due to larger
individuals that are more sensitive to drought stress than
smaller individuals (Condit et al. 2004; Nepstad et al. 2007).
As a result, more abundant sunlight can penetrate the canopy
such that light availability to plants increase, and water deficit
stress could be exacerbated due to increased evaporation asso-
ciated with increased light availability. Under these conditions,
species with both fast-growing (high Amass and KS) and
drought-tolerant traits (less negative wtlp and wpd) are more
likely to be the beneficiaries, as found in the present study.
We found no difference in xylem resistance to embolism

(w50) among species with different trends in abundance. Spe-
cies with more embolism-resistant xylem are presumably more
successful at avoiding hydraulic failure (Meinzer et al. 2009).
In the present study, however, wpd of the 48 species in the
mid-dry season (when drought in this subtropical forest was
at its peak) was rather high (~ �0.31 MPa on average and the
extreme value �0.68 MPa; Appendix S1), indicating that the
potential risk of hydraulic failure caused by climatic change-
induced drought stress was low. Additionally, the majority of
our study species operated over a relatively wide hydraulic
safety margin (> 1.0 MPa; Appendix S1), which might have
made them less susceptible to decreasing soil moisture than
species occurred in drought-prone habitats observed elsewhere
(Choat et al. 2012). Thus, the lack of a significant correlation
between w50 and species abundance dynamics might be due to
the extensive capacity of trees to regulate plant water poten-
tial leading to a wide margin of safety against hydraulic
failure in our forest.
Overall, our observed patterns between species abundance

changes and functional trait variations under a drought-prone

environment, possibly due to warming and/or altered rainfall,
tell a consistent story of community dynamics, which is domi-
nated by increases in the abundance of species with life
histories that are selected for more rapid resource capture
(fast-growing) and more robust drought tolerance. We
acknowledge some uncertainties and limitations in our data.
Firstly, our forest, like all terrestrial ecosystems elsewhere, has
also experienced rising atmospheric CO2 concentration and
increased nitrogen deposition that might allow for fast-grow-
ing species with rapid resource acquisition strategies to
increase in abundance over time, but contributions of these
potential drivers to the temporal changes in species abundance
could not be distinguished with our current data set. Sec-
ondly, successional recovery from past disturbance events can
also be the causes underlying the directional changes in spe-
cies abundance (Feeley et al. 2011), although our forest is
more than 400 years old and had not experienced any notice-
able disturbance during the course of our study, non-stand
replacing disturbances could occur between the establishment
of the forest and the time of plot establishment in 1978. While
potential disturbance legacy remains to be examined, their
impacts on this subtropical forest are likely minimal after
more than several decades. Thirdly, we measured functional
traits on three to five individuals with DBH comparable to
the mean DBH value of a given species, which would poten-
tially lead to bias in trait value collections, because trees at
different canopy positions with different DBH size may
respond differently to global change (da Costa et al. 2010;
Phillips et al. 2010). Lastly, large trees were established well
before our observation began in 1978, thus their dynamics
(mortality) could be chiefly regulated by endogenous processes
such as longevity. Hence, the relatively short time scales of
the present study compared with long-term forest dynamics
might limit the acurracy in forcasting global change impacts
on tree species turnover. Yet, to our knowledge, our results
provide a plausible functional basis for the observed temporal
change in species abundance, demonstrating that functional
traits are a good predictor of global change impact on tree
species dynamics in this subtropical forest.
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