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Abstract: Abiotic and biotic factors have the potential to alter herb communities, however, few studies consider feedback be-
tween them. This study explores how variation of species interaction and climatic conditions associated with changes in altitude
affect herb community composition. We sampled accumulated temperatures of growth duration (June-November) (ATGD),
maximum summer temperatures (MST) and herb community composition (herb height, abundance, richness) on non-gaps and
forest-gaps site across an elevational gradient. A significant negative relationship was detected between MST and herb richness.
The temperature of non-gaps was cooler than that of forest gaps, and overstory cover positively correlated with herb abundance.
However, the ATGD exhibited a negative relationship with overstory cover, in that overstory cover decreased with ATGD. We
suggested that temperature has a profound effect on height and richness of herb communities, while the overstory cover is
moderating the effect of temperature on herb community structure and influence the abundance of herb community. Conversely,
decreases in ATGD weakened the relative importance of overstory cover. We concluded that the interaction of temperature and
overstory cover shapes the morphology, abundance and richness of herb communities.

Abbreviations: ATGD — Accumulated Temperatures of Growth Duration, MST— Maximum Summer Temperatures, OC —

Overstory Cover.

Introduction

Understanding and predicting the responses of commu-
nities to the changing environment experienced has been a
central issue in ecology for decades (Gomes da Silva et al.
2014, Grytnes and Vetaas 2002, Nogues-Bravo et al. 2008,
Ohlemuller and Wilson 2000, Rochow 1970). For any spe-
cies, distribution and abundance are determined both by tol-
erance to abiotic conditions and by interactions with other
organisms (Hutchinson 1957, Randall 1982). Many studies
have emphasized the influence of abiotic factors (Boggs
and Murphy 1997, Daubenmire 1943, Kluge et al. 2006,
Sundqvist et al. 2013), and have suggested that temperature
is one of the environmental challenges that has important
consequences for herb community structure along eleva-
tional gradients (Hodkinson 1999, Jeremy and Hodkinson
1999 Roft 1980). Temperature had a strong impact on the
physiology, which can alter everything from growth rates,
metabolism, body size (Parmesan 2006) to life history, geo-
graphic ranges (Colwell et al. 2008). Therefore, temperature
change across elevation is likely to profoundly effect on the
morphology, distribution and abundance of species. For ex-
ample, elevational range partitioning among herb species is

often due to differences in thermal adaptation (Daubenmire
1943, Lowe 1964.). Moreover, decreased growing season
temperatures and durations with elevation limit growth and
reproduction (Hill and Hodkinson 1995, Machac et al. 2011).
Hence, predicting and understanding of how temperature af-
fects the distribution and abundance of herb species is one of
most important challenges in biology.

Biotic interactions are also a determinant of community
structure (Hodkinson 2005). In forest, overwhelming evi-
dence exists that overstory-layer species can influence herb
communities greatly (Caldeira et al. 2014, Mdlder et al. 2008,
Price and Morgan 2008), as these species can influence the
productivity and recruitment of herb species directly through
competition for both competition for light and available nu-
trients (Ludwig et al. 2004), or indirectly through altering the
microhabitat of the herb layer (i.e., temperature, humidity;
Crozier and Boerner 1984, Ramirez et al. 2006). The tem-
perature experienced by herb species under overstory cover
can differ from the immediate surroundings (De Frenne et al.
2013), the temperature within dense forest usually is cooler
than in forest gap, thus overstory cover ameliorates the stress
on herb species imposed by the high summer temperature.
The spatial variation of overstory cover can increase under-
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story light availability heterogeneity (Burton et al. 2014) and
control the availability of resources (Bartels and Chen 2013),
thus can control richness of herb species (Mdlder et al. 2008,
Mullah et al. 2014, Vanhellemont et al. 2014).

Herb species comprise the majority of plant species diver-
sity in forest systems and influence the nutrient cycling and
energy exchange (Gilliam 2007). Forest systems have recent-
ly experienced pronounced climate warming, it is important
to evaluate the impact of environmental change. However, it
may be more appropriate to consider how the interplay of abi-
otic and biotic factors influences communities, because biotic
interactions also can buffer or alter the role of abiotic factors
(Dunson and Travis 1991), whereas, the relative importances
of biotic changes as abiotic conditions change. By offering
steeping environmental gradient, elevational gradients have
proved to be useful platforms to research the response of herb
species on environmental change. At low elevations, over-
story species are abundant, herb communities should strongly
affected by overstory cover. With elevation increasing, de-
creasing temperature limit productivity of overstory species
are rare and absent, the influence of abiotic factor should be
increasing. A numbers of studies indicated that temperature
and overstory cover can each be an important determinant of
the herb community (Burton et al. 2014, Smith et al. 2008).
However, how the relative importance of temperature and
overstory cover change along elevational gradient is not com-
pletely understood.

Here we compiled plant data from 120 vegetation plots
in temperate forests, the plots distributed across 3 regions
(from 1020 m to 1770 m). In each region, we compared herb
communities in forest gaps with in non-gaps; we treated non-
gaps as a control test. From these plots, we test for herb com-
munity responses to temperature (accumulated temperature
of growth duration (June-November) (ATGD), maximum
summer temperature (MST)) and assessed the potential role
of change in overstory cover in buffering or altering such re-
sponse. Second, we analyzed the role of the overstory cover
as a determinant for herb communities by considering wheth-
er overstory cover change the temperature experience of herb
species, and third, we assessed how temperature changed the
biotic interactions between overstory-layer species and herbs.
Here, we hypothesize that: (1) Temperature and overstory
cover can each be important determinant of herb community.
(2) Overstory cover can buffer or alter the responses of herb
community. (3) Variation of temperature change relative im-
portance of overstory cover on herb community.

Methods

Study area

We collected data in Donglingshan Mountain, an exten-
sion of the Xiaowutaishan Mountains, 100 km northwest
of Beijing, China. The location of the study area is 40°00’-
40°03’N and 115°26’-115°30’E (see Appendix Fig S1). The
mean annual precipitation in the region is 500-650 mm, a
typical warm, temperate, continental monsoon climate. The
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mean annual temperature is 5-10°C. The area spans an eleva-
tional gradient from 1000 m to 2303 m. Its natural vegetation
consists of highly heterogeneous warm temperate zone de-
ciduous broad-leaved forest (Yun et al, 2008), including pri-
marily oaks (Quercus spp.), mixed deciduous species (e.g.,
Tilia spp., Ulmus spp., Acer spp., Juglans mandshurica and
Fraxinus rhynchophylla etc.), birches (Betula spp.) and pop-
lar (Populus davidiana). There are also some conifers (Pinus
tabuliformis, Platycladus orientalis) and shrubs (e.g., Prunus
spp., Vitex negundo var. heterophylla, etc.).

Because this framework might call into question whether
the three elevation sites can be combined for data analysis,
we kept the vegetation types as similar as possible when
we collected data, and tested the validity of considering the
three sites as one by conducting a detrended canonical cor-
respondence analysis of herb species (see Appendix Fig S2).
The results showed that herb communities turnover did not
change significantly at the transition among elevation sites,
which suggests that all elevation sites belong to a single flo-
ristic unit.

Sampling methods

We selected three sites along the elevational range of oak
forest in the study area: Gouchaozi (1020 m), Gangou (1400
m) and Xiamawei (1700 m). We chose this range because be-
low 1020 m, the natural forest disappears due to human activ-
ity, and the timberline occurs at approximately 1750 m. Sites
were selected within single catchment, so other than the el-
evational variation, the environmental conditions in each site
were similar: orientation (west-facing), slope (5-10 degree),
soil (eutric cambisol).

To identify overstory cover and temperature associated
with herb community composition, we established 10 over-
story plots 100 m2 (10 m x10 m) in size at each elevation site.
In each plot, all overstory-layer species (only included indi-
vidual height > 3 m) were identified and measured for breast-
height diameter, crown diameter (largest and smallest diam-
eter), and height (measured with Velmex digital hypsometer)
for overstory-layer records. Within each overstory plot, three
sub-plots (1 m x 1 m) were selected randomly for the inven-
tory of herbaceous vegetation; the height and abundance
(number of individuals) was recorded for each herb species.
At each elevation, we also placed 30 plots (1 m X 1 m) in the
forest gap. We identified gaps according to light condition by
using a digital camera Nikon D610 equipped with a fish-eye
lens; we took hemispheric photographs in order to explore
the light conditions. We calculated the canopy openness (the
percentage of total sky area that is found in overlapping gaps
in the canopy) by performed Winphot 5 (Ter Steege 1996).
In this case, plots can be surveyed if the canopy openness >
90%, then height and abundance were recorded (number of
individuals) for each herb species. Plots within site were as
close as possible in order to eliminate the influence of envi-
ronmental heterogeneity. For statistical analysis, mean values
of plots or subplots were used.
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Table 1. Characteristics of understory and forest gaps sampled at three elevation sites. Numbers represent means for each treatment
and sharing the same letter indicates a nonsignificant difference (p < 0.05: mixed model ANOVA and Tukey’s adjusted least significant

difference).
. 1020 m 1400 m 1700 m
Characteristics
Understory Forest gap ~ Understory Forest gap Understory Forest gap
Woody cover (m?2) 186.15a 140.42b 64.13c
Stand basal area (m2.ha-!) 5.74a 2.43b 1.61c
Number of overstory-layer species 13a 7b 4c
Accumulated temperature (°C) 11.99x10%  12.63x104b  11.53x10% 12.15%104d  10.76x10% 10.92x10%
Maximum temperature (°C) 23.37a 26.16b 20.13¢ 23.63d 20.13e 21.78f
Soil moisture (%) 51.37a 32.11b 70.39¢ 62.33d 59.30a 55.39a
Total nitrogen (g.kg 1) 0.24a 0.26a 0.28a 0.25a 0.23a 0.24a
Total phosphorus (g.kg!) 0.024a 0.028a 0.028a 0.030a 0.027a 0.023a
Soil pH 6.13a 6.52a 6.51a 6.36a 6.54a 6.37a
Soil organic matter (%) 6.32a 6.14a 6.88a 6.60a 5.99a 6.12a

Temperature data were collected at each elevation site
from June, 2011 to November, 2012 using Microdaq data-
loggers HoboPro RH/Temp. At each elevation site, we es-
tablished three data-loggers for each plot type (forest gap or
non-gap), thus temperature data were not associated to plots.
Temperature data were collected every 30 min. We used ham-
mer-driven soil core sampler of 5 cm in diameter to obtain
three soil profiles at a depth of 0-30 cm in each plot. Three
replicate samples were homogenized by hand mixing after
large live plant material (roots and shoots) and pebbles in
each sample were separated by hand and discarded. The sam-
ples were then air-dried and sieved to measure soil proper-
ties. The parameters of soil properties variables included soil
organic matter, total nitrogen, total potassium. Soil organic
matter was measured by the K,Cr,0; titration method after
digestion (Nelson and Sommers 1974). We used the semi-
micro Kjeldahl method to measure total nitrogen, with V-Mo
colorimetry, and total potassium was resolved by flame pho-
tometer (Bao 2000). Soil moisture was measured by Moisture
Meter HH2 (Delta-T Devices Ltd, UK) six times at a depth of
10 cm in each plot and then averaged.

Analysis

In this study, we mainly analyze the influence of ATGD
and MST. It is expected that altitudinal comparisons of
ATGD and MST more biologically meaningful than mean an-
nual temperature. Because mean annual temperature is con-
founded with the length of the dormant season and does not
reflect the degree of fluctuation during the growing period
(Ramirez et al. 2006, Kérner 2007). In this study, MST cal-
culated as the summer (May-August) maximum temperatures
ATGD calculated as adding together successive mean daily
temperature (May-November). We used a linear mixed model
to test whether there were significant environmental differ-
ences among cover types (non-gaps and forest gaps) and el-
evation sites, using biotic and abiotic factors as fixed effects,
and plot (nested in elevation) as a random effect. We did not
conduct further analysis of the parameters of soil properties,
abundance of overstory-layer species (number of individu-
als)(AOS) and stand basal area (BA)(m?ha-!), because pa-

rameters of soil properties and soil moisture do not appear to
change significantly among cover types and elevation sites
(Table 1), and both AOS and BA were highly correlated with
overstory cover (AOS: r=0.82, p<0.01; BA: r=0.74, p<0.01).

To assess the role of overstory cover and temperature
in herb community, we used a linear mixed model to test
whether herb height, abundance and richness were modified
by temperature (ATGD and MST) and overstory cover. After
log (1+x) transformed abundance and average height data,
we treated ATGD, MST and overstory cover as fixed effects
and plot (nested in elevation) as a random effect. We used
another linear mixed model to explore how the temperature
change overstory cover and overstory-layer species richness,
we treated ATGD and MST as fixed effects and plot (nested
in elevation) as a random effect. We used the Kenward-Roger
modification of the F-test (Kenward and Roger 1997) to de-
termine the significance of fixed effects, because this method
is more appropriate for small sample sizes than is the asymp-
totic 2 test. To assess height, abundance and richness of herb
species differences between forest gaps and non-gaps at each
elevation, we used a paired difference #-test.

To assess how the overstory cover buffer or alter the re-
sponses of herb community to temperature, we estimated the
differences of herb community composition between forest
gaps and non-gaps across elevations, we log (1+x)-trans-
formed abundance data to meet the assumptions of normality
and equal variance. Subsequently, we used analysis of simi-
larities (ANOSIM) to test whether community composition
differed significantly among cover types and elevation sites.
ANOSIM is uses ranked Bray—Curtis dissimilarities to test
whether there is a significant differences in species compo-
sition between groups (Legendre and Legendre 1998). The
ANOSIM produces an R statistic ranging from 0 to 1 and
expresses the similarity between groups. We performed
9999 randomizations of the original data to calculate the sig-
nificance of the ANOSIM statistic. We also compared rank-
abundance plots to explore whether herb relative abundance
modified by temperature and overstory cover. For each site,
we plotted the relative abundance of each species on a loga-
rithmic scale against the species’ rank. All of these analyses
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Table 2. Results of the linear mixed model testing how the temperature and overstory cover related to herb richness, abundance and
average height (only include forest gap plots). Block (nested in elevation) was treated as a random factor.

Characteristics Height Richness Abundance
Error Error Error
DF pF F P DF F P DF F P
ATGD 5 54 1.52 <0.01 54 1.40 035 54 1.65 0.20
MST 5 54 1.25  0.33 54 233 <0.01 54 2.67 0.26
oC 27 54 0.17  0.61 54 19.19 <0.05 54 11.91 <0.01
ATGDxOC 27 54 354 0.22 54 422 0.11 54 6.25 0.15
MSTxOC 27 54 132 0.31 54 5.70 <0.05 54 5.73  0.09
Random effects
Block (elevation) 27 0.00 0.95 1.92  0.18 235 0.17
e (A)
401 a 30
Figure 1. Herb species char- _ a a
acteristics measured in forest § b 2 20-
gaps (empty bars) and non- 5 20 %
gaps (filled bars) across three z & 104
elevation sites. Response vari-
ables include: (A) Height, (B) o
Richness, (C) Abundance. 1400m 1600m 1700m
Bars represent means for each b b ©) Elevation
treatment and error bars are b B Understory
95% confidence intervals of 24 2 CForest gap
the mean (untransformed). 8 a a
Bars sharing the same letter are -§
not significantly different (p < 3 14
0.05, mixed model ANOVA <
and Tukey’s adjusted least sig-
nificant difference).
1400m 1600m 1700m
Elevation

were conducted in R 3.01 (Laliberté et al. 2010, Oksanen et
al. 2013).

Results

A total of 9 overstory-layer species (tree species: 6; shrub
species: 3) and 72 herb species were recorded in the three
elevation sites. Quercus liaotungensis was the only domi-
nant species at all elevations, accounting for 95% of total BA
at 1020 m, 98% at 1400 m and 96% at 1700 m. Our results
revealed that the ATGD and MST decreased with elevation
(Table 1); thus, the species at higher elevations would be
expected to experience a shorter growth period. ATGD and
MST was significantly higher in forest gaps than in the non-
gaps, which was consistent at all elevations.

There was a significant relationship between ATGD and
herb height (Table 2). Herb height decreased with elevation
in both forest gaps and non-gaps, but the difference of height
between forest gaps and non-gaps across the elevation sites
were highly variable (Fig. 1A). Herb height in forest gaps
was greater than in the non-gaps at 1020 m, but the difference
was insignificant at 1400 m, and significantly less than in

non-gaps sites at 1700 m. In contrast, richness and abundance
was unrelated to ATGD. The richness significantly related to
MST and overstory cover, and there was a significant inter-
action relationship (Table 2). Herb richness increased with
elevation in both forest gaps and non-gaps (Fig. 1B), and it
was significantly greater in non-gaps than in forest gaps at all
elevations. Finally, abundance of herb was negative signifi-
cantly related to overstory cover (Table 2). We found ATGD
was positive correlated with overstory cover (Table 3). In oth-
er word, ATGD indirectly influence herb community. Herb
abundance in forest gaps and non-gaps exhibited different
elevational patterns (Fig. 1C). The abundance in forest gaps
was significantly greater than in non-gaps at all elevations,
but the difference in herb abundance between forest gap and
non-gaps decreased with elevation.

Herb community composition in non-gaps changed sig-
nificantly with elevation (Table 4, Fig. 2). Herb richness
increased with elevation, while the proportional abundance
of dominant species decreased. There are 19 herb species at
1020 m, herb community characterized by Deyeuxia arundi-
nacea, Artemisia sacrorum, and Spodiopogon sibiricus, and
these species constituted 42% of the total abundance. At 1400
m, non-gaps sites had 22 herb species and were character-
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Table 3. Results of the linear mixed model testing how the temperature related to overstory cover and tree richness (only include forest
gap plots). Block (nested in elevation) was treated as a random factor.

Characteristics Overstory cover Tree richness
L
Accumulated temperature 5 54 12.56  <0.01 54 5.63 <0.05
Maximum summer temperature 5 54 1.56 0.52 54 2.56 0.23
Random effects
Block (elevation) 27 2.33 0.12 1.89 0.11

Table 4. Pairwise comparisons of plant community composition between site types using the analysis of similarity (ANOSIM) proce-
dure. Values of R> 0.75 indicate that groups are well separated, values between 0.5 and 0.75 suggest overlapping but distinguishable
groups, and values < 0.25 describe the groups that can barely be separated. Significance codes: 0 “***”0.001 “**’0.01 “**0.05 0.1 .

1020 m 1400 m 1700 m
Understory Forest gap Understory Forest gap Understory Forest gap
1020 m
Understory
Forest gap 0.45*
1400 m
Understory 0.41 ** 0.51*
Forest gap 0.47 ** 0.35* 0.33 **
1700 m
Understory 0.81 ** 043 * 0.48 ** 0.44 **
Forest gap 0.83 ** 0.38 * 0.53 ** 0.31* 0.31 **
Forest gaps
1.0 1.04 1.0+
1020m (a) 1400m (b) 1700m ©
0.8 0.8 0.8
0.6 0.6 0.6
Carex lanceolata i 04 Carex lanceolata
041 0.4 .
5] \ 3 ‘arex lanceolata
g \‘\ Dendranthema chanetii / Rubia cordifolia
\ eala te ; Dendranthema chanetii
% 0.2 \ Polygala tenuifolia 024 % s 1_ . »l . 0.2+ Deyeuxia arundinacea
= v \F;_(— ypodiopogon sibiricus
=3 B T o .- 44 0.
= | oo TTrresss 00 BAASD PSS () Shitancs 2230 SRRUPONNS
v§ 0 2 4 6 8 10 12 0 5 10 15 0 5 10 15 20 25
]
i Non-gaps
o
= 1.0 1.0+ 1.0+
& 1020m (d 1400m () 1700m ®
0.8 0.8 0.8
0.6 0.6 0.6
0.4 0.4 0.4
/Deycu.\‘ia arundinacea /('w'e.\' []) "”‘;’”]"”," P Dendranthema chanetii
0.24 Artemisia sacrorum 0.2 endranthiema chanetit 0.2+ / “arex lanceolata
“O{/Spodiopogon sibiricus (“/.ACU mitum barbatum éuﬁum lancifolium
. g
0.0 Biaias? Ve PUONINNYTY B o badas 2T POUOUIE N Bl SIS
0 5 10 15 20 02 4 6 8101214161820 0 5 10 15 20 25 30 35

Species rank

Figure 2. Rank/abundance plots for the herb community: (a), (b), (c) the herb communities in forest gaps. (d), (e), (f) the herb com-
munities in non-gaps. For each site, we plotted the relative abundance of each species on a logarithmic scale against the species’ rank,
from the most abundant to the least abundant species. We signed the top three abundant species..
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ized by a different suite of species than at 1020 m: Carex
lanceolata, Dendranthema chanetii and Aconitum barbatum,
these species constituted 38% of the total abundance. At
1700 m, non-gaps sites had 32 herb species characterized by
Dendranthema chanetii, Carex lanceolata and Lilium lanci-
folium; these top three dominant species constituted 25% of
the total abundance.

The herb community composition in forest gaps was sim-
ilar, as these sites all shared an abundance of Carex lanceo-
lata and Dendranthema chanetii (Fig. 2). The proportional
abundance of the dominant species in forest gaps was greater
than in the non-gaps within an elevation site. Pairwise com-
parisons among forest gaps generated lower R yyogv Statistics
than among non-gaps; forest gaps had significantly different
species composition from non-gaps within a given elevation.
This difference was driven primarily by the abundance of
dominant species, which decreased across elevations, while
the number of rare species increased.

Discussion

Our investigation describes how the interaction of tem-
perature and overstory cover influence herb community com-
position. Forest gaps are more extreme microhabitats than
non-gaps, because overstory cover ameliorate the stress on
herb community imposes by MST. Herb communities located
at higher elevation undergo milder environmental conditions
(lower MST). However, the relative importance of overstory
cover decreased with elevation because lower ATGD limit
productivity of overstory-layer species.

We found that temperature and overstory cover played
a vital role in determining herb community composition
and structure across elevations. For any given herb species,
growth and reproduction were promoted by temperature
and seasonal development, with the growth season being
shorter and later across elevations. In our study, herb height
decreased with elevation, it is tempting to speculate that ac-
cumulated temperature may shift the aboveground/below-
ground biomass allocation patterns (Ashton 2003, Leuschner
et al. 2007), some studies indicated that root biomass and
productivity decreased with elevation due to low temperature
(Bauhus and Bartsch 1996, Cairns et al. 1997). However, the
abundance of herb species in the forest gaps did not decrease
with elevation, some studies have indicated that many plant
species have more efficient photosynthesis than their lower
elevation counterparts (Denno et al. 1996, Korner and Diemer
1994), this mechanism should partly offset the effect of low
accumulated temperatures. In contrast, we speculated light
availability should be a more important environmental vari-
able for herb abundance because light limits photosynthetic
carbon gain, which in turn influences growth and mortality.
Our results indicated that the maximum temperature in sum-
mer is a good predictor of herb richness, with higher richness
at higher elevations where maximum summer temperature is
lower. The richness of rare species increased with elevation,
while the abundance of drought tolerant and heliophilous spe-
cies which dominated at low elevations (i.e., Dendranthema
chanetii, Carex lancifolia, Deyeuxia arundinacea) decreased
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with elevation. These results suggested that the maximum
temperature in summer acts as a structuring agent, such that
only a few drought tolerant species have the ability to persist
and dominate at lower elevations with higher MST. With in-
creasing elevation, environmental conditions in both forest
gaps and non-gaps become more suitable, and thus more spe-
cies can survive. Our conclusions are consistent with Kluge
et al. (2006), who suggested that the physical environment at
higher elevations is more benign for most organisms, because
higher elevations offer more moderate temperatures. Another
possible reason is that drought tolerant species may be lost
competitive ability on colder, high-elevation site; such an in-
ference is weakening by the unavailability data on the herb
inter-specific competition. Future work would benefit from
targeted investigation of relationships between richness and
competitive exclusion across different elevation site.

However, our results revealed that the overstory cover
buffer and modified the effect of temperature on herb abun-
dance and richness (Table. 2, Fig. 1). At 1020 m and 1400
m, the difference in abundance between the forest gaps and
non-gaps was greater than the difference among forest gaps
across elevations, such that overstory cover and herb abun-
dance appeared to closer relationship than herb abundance
and accumulated temperature. Some studies suggested that
the cover provided by overstory-layer species decreased for-
est-floor light (Burton et al. 2014), leading to environmental
conditions that are more harsh than those in the immediate
surroundings (Ramirez et al. 2006), and litter from oversto-
ry-layer species can decrease herb productivity (Bowles et
al. 2007, Fornara and Du Toit 2008). However, our results
indicated that more herb species persisted in the non-gaps.
Thus, it would be expected that overstory cover ameliorates
the stress of high summer temperatures effectively (Ramirez
et al. 2006), so that the non-gaps should offer more suitable
conditions for herb species. Some studies indicated that over-
story-layer species can influence soil moisture (Burton et al.
2014, Ludwig et al. 2004, Mdlder et al. 2008, Vourlitis et al.
2014). But the pattern is not consistent among study sites.
Burton (2014) suggested soil moisture increased with gap
sizes, in contrast, Bartels (2013) indicted that overstory-layer
species improved soil moisture. Our results revealed that soil
moisture at non-gap higher than at forest gap, likely caused
by effect of gap size (Gray et al. 2002).

The strength of the biotic linkage between overstory-layer
species and herbs was altered by the effect of ATGD. Grime
(1979) provided a conceptual model of how the interaction
between competitive species and stress tolerant species may
change along an environmental stress gradient. We suggest
that a similar relationship between the importance of biotic
and abiotic conditions may exist in forest. At low elevations,
the importance of biotic interaction is high because overstory
cover restricts the abundance of herbs. As elevation increases,
the vigor of overstory-layer species decreases. Thus, lower
accumulated temperature limits productivity, leading to a de-
crease in the importance of overstory-layer species for herb
communities. Grime classified plants according to the C-S-R
model, and suggested that highly competitive species have
higher vigor in conditions of low abiotic stress, while they
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are more sensitive to environmental change than are stress-
tolerant species. In summary, temperature changes the influ-
ence of overstory-layer species.

In summary, our results imply that the interplay between
overstory cover and temperature shape herb communities
along elevational gradients. We also inferred that overstory
cover determines herb abundance and buffers the effect of
maximum summer temperature as an environmental filter.
However, accumulated temperature weakens the effect of
overstory cover as a structure agent and plays a greater role
at higher elevations. It is worth noting that the recent decades
of global warming not only change species distribution, but
the diversity pattern as well. We suggest that more species
will overcome the barrier of overwintering at high elevation
sites due to temperature increases, but the influence of maxi-
mum summer temperature will increase. We recommend an
increased consideration of how herb diversity patterns may
change with global warming.
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