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We used 11 years of census data from 450 seedling quadrats established in a 20-ha forest dynamics plot
to study seedling dynamics in tree species of a tropical seasonal rainforest in Xishuangbanna, south-
western China. We found that overall seedling recruitment rate and relative growth rate were higher in
the rainy season than in the dry season. Both the recruitment rate of seedlings from canopy tree species
(two species) and the relative growth rate of seedlings from understory species (nine species) were
higher in the rainy season than in the dry season. However, in the rainy season, the recruitment rate of
seedlings was higher for canopy tree species than for understory tree species. In addition, relative growth
rate of seedlings was higher in the canopy species than in understory seedlings in the dry season. We also
observed that, in both rainy and dry seasons, mortality rate of seedlings was higher for canopy species
than for understory species. Overall, canopy tree species appear to have evolved a flexible strategy to
adapt to the seasonal changes of a monsoon climate. In contrast, understory tree species seem to have
adopted a conservative strategy. Specifically, these species mainly release seedlings in the rainy season
and maintain relatively stable populations with a lower mortality rate and recruitment rate in both dry
and rainy seasons. Our study suggests that canopy and understory seedling populations growing in forest
understory may respond to future climate change scenarios with distinct regeneration strategies.

Copyright © 2024 Kunming Institute of Botany, Chinese Academy of Sciences. Publishing services by
Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Tropical forest tree species are exposed to distinct environ-
mental conditions, e.g., vertical variation in light availability
(Whitmore, 1990; Turner, 2001; Deng et al., 2020). Forest canopy
trees absorb strong solar irradiance and trap humidity, creating a
favorable microclimate in the understory, which is characterized by
lower light intensity, higher relative humidity and more stable
temperatures (Lüttge, 2008). The dark, wet habitat of the under-
story harbors both adults and seedlings of understory tree species
as well as the seedlings of canopy species. To adapt to these distinct
habitats, tropical tree species use a variety of ecological strategies
(e.g., seedling growth rate, recruitment rate) (Turner, 2001). Un-
derstanding the ecological strategies trees use to adapt to distinct
ropical Forest Ecology, Xish-
demy of Sciences, Menglun,
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tany, Chinese Academy of Sciences.
nse (http://creativecommons.org/li
tropical forest microhabitats may provide insights into regenera-
tion niches of different tree species groups.

Understory tree species and canopy tree species use different
ecological strategies. Understory tree species, which inhabit dark
and stable microenvironments, invest in light acquisition traits,
such as larger and thinner leaves, greater specific leaf area (SLA),
and lower light compensation point of leaf photosynthesis (Deng
et al., 2020; Schmitt et al., 2021). Understory tree species have
also been shown to have relatively low maximal growth rates
(Lieberman et al., 1985; Lieberman and Li 1992; Condit et al., 1995;
Thomas, 1996). Canopy species, in contrast, use a more flexible
strategy (van den Berg et al., 2012; Hubau et al., 2019). Regardless,
tree species that can tolerate a wide range of environmental con-
ditions at maturity (i.e., canopy species) may require narrower
conditions for germination and establishment of its seeds and
seedlings (Jin et al., 2018; Jim�enez-Alfaro et al., 2019), which may
alter the ecological strategy these species use for growth and sur-
vival. For instance, seedlings of canopy species (Parashorea chi-
nensis) use a stress-tolerant strategy, whereas adults of this canopy
Publishing services by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This
censes/by-nc-nd/4.0/).
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Table 1
Seedling dynamics of all tree species at community level (Mean ± SD).

Dynamics Rainy season Dry season p value

Recruitment rate (RER) 0.159 ± 0.133 0.068 ± 0.069 0.0066**
Mortality rate (MR) 0.129 ± 0.054 0.119 ± 0.035 1
Relative growth rate (RGR) 0.003 ± 0.001 0.002 ± 0.001 0.0052**

Note: Significant level: *, p < 0.05; **, p < 0.01; ***, p < 0.001.
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species use a competitive strategy (Deng et al., 2020, 2022). In
addition, understory microclimates in forests in monsoon climates
are known to experience seasonal variations in both temperature
and humidity (Deng et al., 2022). Although both the seedling of
canopy and understory tree species grow on the forest floor (Song
et al., 2016b), how each respond to seasonal changes in understory
microclimate induced by monsoon climates remains unknown.

Regeneration of forest communities is largely achieved through
seedling recruitment (Ashton et al., 2018; Canham and Murphy,
2016). Patterns of seedling recruitment are influenced by various
factors. For instance, seedling recruitment varies inter-annually due
to mast seeding of canopy tree species (Pesendorfer et al., 2021),
which contribute to seedling banks (Wright et al., 2005; Norden
et al., 2016; Pearse et al., 2016; Dou et al., 2018; Connell and
Green, 2000). Furthermore, seedling recruitment is altered by
changes in seasonal precipitation, which has been shown to influ-
ence community structure and dynamics in some tropical seasonal
forests (Wang et al., 2018). Moreover, many tree species disperse
seeds and recruit seedlings in the early rainy season to avoid the
water stress,whichmay lead to recruitment failure in the dry season
(Garwood, 1983; Lieberman and Li, 1992; Singh and Singh, 1993).

Tree seedling mortality and growth rate are also critical for the
regeneration of forest communities. Both factors are highly influ-
enced by abiotic factors, such as light, water and temperature
(Mason et al., 2004; Song et al., 2016b; Xu et al., 2022;Mensah et al.,
2023). Previous studies have shown that seedlings in forests with
monsoon climates have higher mortality and lower growth rates in
the dry season than in the rainy season (Turner, 1990; Delissio and
Primack, 2003; Russell-Smith and Setterfield, 2006; Comita and
Engelbrecht, 2009; Mensah et al., 2023). Studies have also shown
that changes inwater conditions can affect biotic process associated
with seedling survival and growth, e.g., susceptibility to specialist
pathogens (Milici et al., 2020) and herbivory (Zheng et al., 2001). In
addition, drought events have been shown to increase mortality
and decrease growth of canopy tree species seedlings in tropical
forests (Delissio and Primack, 2003). Seasonal drought has also
been shown to reduce the abundance and species richness of tree
species seedlings (Song et al., 2016a). Research indicates that
intense drought induced by climate change may alter the seasonal
seedling survival in these forest (Uriarte et al., 2018; Nutiprapun
et al., 2022), especially that of pioneer tree species (Sandoval-
Martinez et al., 2022). Despite the importance of seedling recruit-
ment, seedling mortality, and seedling growth rates, few studies
have examined long-term seedling dynamics of canopy species and
understory in tropical forests.

In this study, we used 11 years of census data to characterize
seedling dynamics in a tropical seasonal rainforest in Xishuang-
banna, southwestern China. Specifically, we examined whether
seedling recruitment rate, relative growth rate, and mortality rate
varied seasonally and whether these demographic measures
differed between seedlings of canopy tree species and those of
understory tree species. We hypothesized that seedlings of tree
species in this forest have higher recruitment rate and relative
growth rate in the rainy season than in the dry season. Seedlings of
canopy tree species have higher seasonal recruitment rate, mor-
tality rate and relative growth rate than those of understory tree
species, performing more dynamic regeneration strategy.

2. Materials and methods

2.1. Study area

This study was conducted in a 20-ha tropical seasonal rainforest
dynamics plot in Xishuangbanna (XTRDP), southwestern China
(101�340E, 21�360N) established in 2007 using the standards of the
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Center for Tropical Forest Science (CTFS) (Condit, 1998). The mean
annual temperature in this region is 21.8 �C and the annual rainfall
is around 1500 mm. This region is predominated by a monsoon
climate that alternates between a rainy and dry season. Most
rainfall (about 80%) occurs in the rainy season (May to October)
(Cao et al., 2006). XTRDP (400 m � 500 m) was established in 2007
and contains a total of 95,498 individuals of DBH � 1 cm belonging
to 468 morphospecies, in addition to another 336 individuals that
have yet to be identified (Cao et al., 2008).

In 2007, 450 seedling quadrats of 1 m2 were established in the
plot for seedling dynamics monitoring. All woody plants < 1 cm
DBH (defined as seedlings) were tagged and identified. Heights of
the seedlings were measured from the ground to the apical bud.
The first seedling survey was carried out in November 2007 (Li
et al., 2009). We conducted subsequent censuses in May (the end
of the dry season and the beginning of the rainy season) and
November (the end of the rainy season and the beginning of the dry
season) in the following years, respectively. To ensure the stability
of the field seedling census data, we used the seedling data
collected from May 2009 to May 2019 (a total of 22 censuses) for
this analysis, starting two years later than the initial seedling
survey.

2.2. Data analysis

For community level analysis, we included all individuals from
all tree species recorded in our seedling censuses. For analysis at
the species level, we only used the tree species that had more than
30 individuals, to avoid the bias caused by small samples. After
excluding the tree species that dominate evergreen broad-leaved
forests on the ridges, 11 tree species were chosen for seedling dy-
namics analysis at the species level (Table S1). The importance
values of these tree species at adult and seedling stages are pro-
vided in Table S1 based on the first seedling census of XTRDP in
2007 (Cao et al., 2008; Lan, 2009; Li et al., 2009). These tree species
were selected because theywere all typical species of the rainforest
and were abundant and dominant in either canopy (C) or under-
story (U) layers respectively. Based on the stratification of this
forest in Cao et al. (2008) and recent surveys on spatial structure of
the canopy in the same forest (Deng et al., 2020; Deng, 2021), we
defined tree species that occur in emergent and upper canopy
(> 30 m in height) as canopy tree species, and defined those in
lower layers (< 30 m in height) as understory tree species, because
the latter are overshaded by the former.

The recruitment rate (RER) was defined as the proportion of
recruited seedlings in all surviving seedlings at the t census (Condit
et al., 1999):

RER¼ ln nt � ln St
△t

where RER is the recruitment rate at the t census; △t is the census
interval (△t refers to 6 months for seasonal RER, 12 months for
annual RER); nt is the number of all the seedlings (sum of the 450
seedling quadrats) recorded at census t; and St is the number of all
the seedlings surviving until census t. We calculated the RER for
each of the 11 tree species, all canopy tree species, all understory



L. Pan, X. Song, W. Zhang et al. Plant Diversity 46 (2024) 671e677
tree species, and all tree seedlings in the 450 quadrats as a whole
community, respectively.

The seedling mortality rate (MR) (Comita and Engelbrecht,
2009) was calculated based on the following formula:

MR¼ mt

nt�1

where MR is the mortality rate at the t census; mt is the total
number of dead seedlings in the 450 seedling quadrats recorded at t
census; and the nt�1 is the total number of seedlings alive in all 450
seedling quadrats at the t�1 census. We calculated the MR for each
of the 11 tree species, all canopy tree species, all understory tree
species, and all tree seedlings in the 450 quadrats as a whole
community, respectively.

The relative growth rate (RGR) at individual level (Seiwa and
Kikuzawa, 2011) was calculated based on the following formula:

RGR¼ ln ðHtÞ � ln ðHt�1Þ
△t

where RGR is the relative growth rate of each seedling at the t
census; Ht is the height of the seedling at t census; Ht�1 is its height
at t�1 census; and△t is the time interval between two contiguous
censuses (6 months for seasonal RGR, and 12 months for annual
RGR). For the RGR of the four categories (including each tree spe-
cies, canopy tree species, understory tree species, and whole
community), we first calculated the RGR of each individual
respectively, then we calculated the mean RGR for each category
based on the sum of the RGR of all seedlings divided by the total
number of the seedlings in the category.

The RER, MR and RGR in the dry season refer to those from
November to April of the next year (6 months), and the RER, MR
and RGR in the rainy season refer to those from May to October (6
months). The annual RER, MR and RGR refer to those from October
to November of the next year (12 months).

Non-parametric tests were utilized for data comparison, to 1)
detect the seasonal differences in RER, MR and RGR at the com-
munity and species levels; 2) examine the differences in RER, MR
and RGR between canopy and understory species in the dry and
rainy seasons, respectively; and 3) determine the seasonal differ-
ences in RER, MR and RGR within each category (canopy tree spe-
cies and understory tree species). Further, NMDS was used to test
whether the seedling dynamics (RER, MR, and RGR) differs between
canopy tree species and understory tree species. MANOVA (multi-
variate analysis of variance) was used to test if these seedling dy-
namics (ignoring category) in the rainy season were distinct from
those in the dry season. All data analyses were performed using R
software (R Core Team 2021).

3. Results

3.1. Seasonal differences in seedling dynamics at the community
level

At the community level, seedling RER and RGR were significantly
higher in the rainyseason than in thedry season,whereasMRshowed
no significant difference (Table 1). The dynamics of seedling RERs and
RGRs over 11 years also showed thatmost of the RERs and RGRswere
higher in the rainy seasons than in the dry seasons (Fig. S1).
3.2. Seedling dynamics of canopy tree species

RER for both canopy tree species (Parashorea chinensis and
Pometia pinnata) was significantly higher in the rainy season than
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in the dry season, whereas MRs and RGRs of these species did not
differ significantly between rainy and dry season (Table 2). Over the
11-year period, canopy tree species showed several peaks in
recruitment, e.g., the rainy seasons in 2014 and 2017 for P. chinensis
(C), and the rainy season in 2019 for P. pinnata (C) (Fig. S2). How-
ever, no dramatic peaks in canopy tree species MR or RGR were
observed during the rainy or dry seasons over this same period.

3.3. Seedling dynamics of understory tree species

The seasonal dynamics of the nine understory tree species
seedlings showed two distinct patterns. Two tree species (Diospyros
atrotricha and Garcinia cowa) showed no significant seasonal dif-
ferences in RER, MR or RGR. In contrast, seven tree species showed
seasonal differences in at least one of these measures. No seasonal
differences were observed in MR for any understory tree species
except Knema furfuracea. RERs were higher in the rainy season than
in the dry season for Mezzettiopsis creaghii, Knema furfuracea, Sap-
rosma ternatum, Dichapetalum gelonioides and Pseuduvaria indo-
chinensis. However, RGR was higher for several species (i.e.,
Pittosporopsis kerrii, S. ternatum, Cinnamomum bejolghota and
D. gelonioides) in the rainy season (Table 2). The seedlings of these
tree species also showed higher RER or RGR in the rainy season than
in the dry season for most of the monitoring years (Figs. S2 and S4).

3.4. Differences in seedling dynamics: canopy tree species vs.
understory tree species

NMDS indicated that RER, MR, and RGR differed between can-
opy and understory tree species (Fig. 1; p < 0.01). Tree species
seedling performance (combining RER, MR and RGR) also showed
an overall significant seasonal difference (Fig. 1; p < 0.01).

Whenwe pooled data from canopy and understory tree species,
the seasonal patterns of the two groups of tree species were
different. Seedlings of canopy tree species showed higher RER in
the rainy season than in the dry season, but no significant seasonal
differences in MR and RGR were detected. However, both RER and
RGR for understory tree species seedlings were higher in the rainy
season than in the dry season, although no seasonal difference in
mortality rate was detected either (Table 3).

In the rainy season, RER was higher for canopy tree species than
for understory tree species. MRs of canopy tree species, further-
more, were much higher than for understory tree species both in
the rainy and dry seasons. The 11-year seasonal dynamics of
seedling MR showed that the seedling MRs of the two canopy tree
species fluctuated around or above 0.2, while those of most of the
understory tree species were below 0.2 (Fig. S3). We also observed
that the RGR of canopy species was significantly higher than that of
understory species in the dry season (Table 3). That is to say, the
seedlings of canopy tree species had higher MRs and higher RGRs
than those of understory tree species in the dry season.

4. Discussion

4.1. Seasonality of seedling demography at community level

We observed that at the community level most seedling
recruitment and growth took place in the rainy season (Table 1;
Fig. S1), suggesting that the onset of rainfall after a long spell of dry
season triggers seedling emergence and growth. This finding is
consistent with previous studies on the tropical seasonal forests of
Central America and Thailand (Garwood, 1983; Lieberman and Li,
1992; Marod et al., 2002). We speculate that this is a common
event in forests exposed to distinct alternating dry and rainy
seasons.



Table 2
Seedling dynamics of canopy (C) and understory (U) tree species in dry and rainy seasons (Mean ± SD).

Species Layer Recruitment rate (RER) p value Mortality rate (MR) p value Relative growth rate (RGR) p value

Rainy season Dry season Rainy season Dry season Rainy season Dry season

Parashorea chinensis C 0.419 ± 0.751 0.020 ± 0.026 0.0486* 0.240 ± 0.209 0.253 ± 0.123 0.5190 0.003 ± 0.002 0.003 ± 0.002 0.8470
Pometia pinnata C 0.415 ± 0.619 0.042 ± 0.060 0.0030** 0.137 ± 0.081 0.159 ± 0.054 0.6063 0.001 ± 0.002 0.003 ± 0.002 0.1513
Pittosporopsis kerrii U 0.116 ± 0.057 0.077 ± 0.035 0.08795 0.110 ± 0.028 0.103 ± 0.045 0.3316 0.003 ± 0.002 0.001 ± 0.001 0.0004***
Garcinia cowa U 0.054 ± 0.046 0.033 ± 0.043 0.3403 0.036 ± 0.032 0.036 ± 0.030 0.9734 0.002 ± 0.001 0.002 ± 0.001 0.2426
Mezzettiopsis creaghii U 0.109 ± 0.075 0.035 ± 0.030 0.0137* 0.053 ± 0.031 0.069 ± 0.033 0.393 0.001 ± 0.003 0.002 ± 0.002 0.8977
Knema furfuracea U 0.055 ± 0.080 0.008 ± 0.009 0.0128* 0.023 ± 0.019 0.045 ± 0.018 0.0255* 0.001 ± 0.001 0.001 ± 0.002 0.1513
Saprosma ternatum U 0.057 ± 0.044 0.014 ± 0.014 0.0045** 0.032 ± 0.015 0.028 ± 0.023 0.2498 0.006 ± 0.003 0.000 ± 0.002 <0.001***
Cinnamomum bejolghota U 0.088 ± 0.182 0.023 ± 0.034 0.7898 0.057 ± 0.062 0.086 ± 0.048 0.2905 0.003 ± 0.002 0.001 ± 0.003 0.0473*
Diospyros atrotricha U 0.079 ± 0.170 0.015 ± 0.019 0.5906 0.057 ± 0.039 0.040 ± 0.034 0.2371 0.002 ± 0.001 0.001 ± 0.001 0.2169
Dichapetalum gelonioides U 0.057 ± 0.045 0.028 ± 0.042 0.0214* 0.042 ± 0.027 0.034 ± 0.025 0.2932 0.003 ± 0.002 0.001 ± 0.002 0.0066**
Pseuduvaria indochinensis U 0.128 ± 0.090 0.045 ± 0.021 0.0086** 0.086 ± 0.020 0.082 ± 0.037 0.4779 0.003 ± 0.002 0.002 ± 0.002 0.1713

Note: Significant level: *, p < 0.05; **, p < 0.01; ***, p < 0.001.

Fig. 1. NMDS analysis of the seasonal performance of 11 tree species based on seedling RER, MR and RGR. Triangles indicate canopy tree species, circles indicate understory tree
species. Blue refers to the value in the rainy season. Red refers to the value in the dry season.

Table 3
Seasonal differences in seedling dynamics for canopy and understory tree species.

Dynamics Season Canopy Understory p value

Recruitment rate (RER) Rainy season 0.417 ± 0.672 0.082 ± 0.100 0.0111*
Dry season 0.031 ± 0.046 0.031 ± 0.035 0.6178
p value < 0.001*** < 0.001***

Mortality rate (MR) Rainy season 0.189 ± 0.163 0.055 ± 0.041 < 0.001***
Dry season 0.206 ± 0.105 0.058 ± 0.042 < 0.001***
p value 0.2549 0.6731

Relative growth rate (RGR) Rainy season 0.002 ± 0.002 0.003 ± 0.002 0.1694
Dry season 0.003 ± 0.002 0.001 ± 0.002 0.0025**
p value 0.2292 < 0.001***

Note: Significant level: *, p < 0.05; **, p < 0.01; ***, p < 0.001. The p value in standardized form shows the p value of the comparison between canopy and understory tree
species in the same season; and the italic p values indicates p values of seasonal comparisons of seedling dynamics for each tree species, respectively.
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We found that theMRs of tree species in this forest did not show
significant seasonal variation at the community level (Table 1), nor
were significant seasonal differences detected for either of the two
674
species groups, i.e., canopy species or understory species (Table 3).
This result was unexpected, as some studies on tropical seasonal
forests have observed high seedling MRs in the dry season (Russell-
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Smith and Setterfield, 2006; Comita and Engelbrecht, 2009). In
monsoonal regions, tree seedlings face biotic stress (e.g., pathogen
and herbivory) in the rainy season and abiotic stress (e.g., drought)
in the dry season (Aide, 1992; Comita and Engelbrecht, 2009;
Lebrija-Trejos et al., 2023). These stresses can both lead to high
seedling mortality, and generally, mortality of tree seedlings in
tropical rainforests is high. The time interval (i.e., 6 months) we
used to collect census data may have been too long to detect
mortality dynamics. Garwood (1983) reported that the early rainy
season is the optimal time for seedlings to emerge in understory. In
a Costa Rican rain forest, the mean half-life of the multi-species
seedling cohorts was 2.49 months (Li et al., 1996; Turner, 2001),
indicating that more than half of the recruited seedlings were dead
within 3 months from emergence. We recommend using a shorter
interval and higher frequency protocol to monitor seedling mor-
tality in the future.

The RGR of the community was higher in the rainy season than
in the dry season (Table 1), which is consistent with results
observed in BCI, Panama (Comita and Engelbrecht, 2009). A study
on forest seedling dynamics on an elevational gradient ranging
from 800 m to 1400 m in this region also reported a similar trend
(Song et al., 2016a). Higher water availability promotes seedling
growth in the rainy season, while drought stress in the dry season
results in lower growth (Mensah et al., 2023). Therefore, seasonal
drought could be one of the most important factors limiting
seedling growth in forests predominated by monsoon climate.

4.2. Seedling dynamics of canopy tree species and understory tree
species

We observed that canopy tree species had higher seedling RER
than that of understory tree species in the rainy season, showing
higher seasonal recruitment rates. Both Prashorea chinensis (C) and
Pometia pinnata (C), on the other hand, showed mast seeding
events for an interval of 3e4 years (P. chinensis in 2010, 2014 and
2017; P. pinnata in 2010, 2016 and 2019) within the 9-year seed rain
monitoring from 2008 to 2017 (Dou et al., 2018). This would have
contributed to the increase in seedling recruitment of the two
canopy tree species. Furthermore, it has been reported that seeds of
the two canopy species are desiccation-intolerant (recalcitrant)
(Yan et al., 2007; Yu et al., 2008); these seeds either germinate or
die within a short period after dispersal. Thus, the number of seeds
transferring to seedlings on the forest floor may be higher during
mast seeding years, resulting in the dramatic increase in seedling
abundance that intensified variations between the two seasons.
This was observed in the rainy seasons of 2014 and 2017 for
P. chinensis (C), and in the rainy season of 2019 for P. pinnata (C)
(Fig. S2). While six of the nine understory tree species in our study
produce dormant seeds (Liu et al., 2021), they did not germinate
immediately when they fell to the ground, maintaining relatively
small variations in RER between the dry and rainy seasons
respectively. Species with dormant seeds do not produce many
mast seeding events in understory habitats (Dou et al., 2018).
Garwood (1983) observed a similar trend in the understory species
and shade-tolerant species at the BCI plot in Panama.

The MR of canopy tree seedlings was significantly higher than
that of understory tree seedlings in both rainy and dry seasons
(Table 3; Fig. S3). This result supports our hypothesis that seasonal
mortality dynamics are stronger for seedlings of canopy tree spe-
cies than for those of understory tree species. We speculate that
understory tree species may have developed more stable drought-
tolerant strategies than the canopy tree species, thus, regular sea-
sonal drought has less effect on understory species seedlings
demography. Therefore, the regeneration of canopy species may be
more sensitive to seasonal drought events than that of understory
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species, and may be highly threatened by global drought scenarios.
The difference in drought sensitivity, in the future, may deeply alter
community composition (Engelbrecht et al., 2007).

The two canopy tree species did not show significant seasonal
differences in RGR. This result contrasts with results in a simulated
drought experiment of dipterocarp species, where seedlings grew
faster in the wet period than in the dry period (O'Brien et al., 2017).
Unlike in controlled greenhouse experiments, seedlings in the field
face multiple stressors, e.g., higher herbivory than water limitation
during the rainy season. Thus, patterns of RGR may differ between
forest plots and greenhouse experiments. However, we found that
four out of nine understory tree species showed higher RGRs in the
rainy season than in the dry season (Table 2).

As predicted, seedling RGRs of canopy species were higher than
those of understory species in the dry season (Table 3). We spec-
ulate that seedling growth of both canopy and understory species is
inhibited by reduced solar radiation during the rainy season,
whereas seedling growth of canopy species is induced by increased
light availability in the dry season. Seedlings of understory tree
species, which are adapted to shady habitats, undertake a more
stable growth strategy. This is consistent with previous studies that
indicate that the higher RGRs of canopy tree species allows for
better access to light conditions (van den Berg et al., 2012). This
finding also indicates that canopy tree species have a flexible
growth strategy in part because these plants are acclimated to a
wider range of light gradients (i.e., understory to canopy top). A
study in a lowland evergreen forest in Malaysia also found that the
growth rates of tree species were higher for canopy trees than for
understory trees, which might be due to variations in allometry,
photosynthetic capacity, and reproductive allocation (King et al.,
2006). However, this high growth rate for canopy tree species
may be at the cost of higher mortality (Table 3) because of the
growth-mortality trade-off (Wright et al., 2010). This result also
suggests that understory tree species show conservative adaption
to seasonal drought. Understory tree species grow faster in the
rainy season, taking advantage of better water conditions, but
reduce their growth in the dry season to tolerate drought. The
higher seedling mortality rate of canopy species also indicates that
their shade-tolerant capacity was not as strong as that of under-
story species, although during the initial stages of development
they undertake a low-light tolerant strategy (Yan and Cao, 2007a,
2007b, 2008; Deng et al., 2020).

Overall, our results provide empirical evidence that although
living in the similar understory habitats, seedling demography of
canopy tree species and understory tree species differ (Table 3;
Fig.1). This difference is likely the result of functional distinctions in
ecological strategy at the level of seedling population. This differ-
entiation in regeneration niche contributes to the coexistence of
these tree species at their seedling stage, which helps maintain
species diversity in this forest.

5. Conclusions

Our study shows that seedling recruitment and growth vary
seasonally and distinctly in a tropical seasonal rainforest in
southwestern China. Specifically, seedling recruitment rate and
relative growth rate were higher in the rainy season than in the dry
season. Although census data may need to be monitored over
shorter and more frequent intervals, we also found that mortality
rates remained relatively stable in the forest community. For can-
opy tree species, the seedling recruitment rate was higher in the
rainy season than in the dry season, whereas mortality rate and
relative growth rate did not differ seasonally. For understory tree
species, relative growth rates were higher in the rainy season than
in the dry season. Furthermore, in the rainy season, the seedling
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recruitment rate was higher in canopy tree species than in under-
story tree species; however, seedling recruitment rate was not
significantly different between these two tree types in the dry
season. In the dry season, relative growth rates were higher in
canopy tree seedlings than in understory tree seedlings. Mortality
rates did not differ seasonally in canopy trees species or understory
tree species. However, mortality rates were higher in canopy tree
seedlings than in understory tree seedlings in both rainy and dry
seasons. Our study suggests that understory tree species utilize
resources with a more conservative strategy, releasing seedlings in
the rainy season andmaintaining relatively stable populations with
low mortality rates and seedling recruitment rates in both dry and
rainy seasons.
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