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Highlights
• Biodiversity monitoring was performed over twenty one years in a 1 ha plot.
• Life form composition changed significantly between 1996 and 2017.
• Evergreen trees in the understory expanded upwards.
• Forests were currently dominated by evergreen trees.

Abstract
In the forest areas of eastern China, there is a change from forest dominated by deciduous 
broad-leaved trees to forest dominated by evergreen broad-leaved trees as the latitude or altitude 
decreases. Different life forms have different survival strategies to deal with climate change, 
and studying the life form dynamics of the tree layers in the mixed forest in eastern China, with 
increasing temperature, can help us understand how the forest responds. This study was performed 
in a 1 ha plot in evergreen and deciduous broad-leaved mixed forest in Tianmu Mountain National 
Nature Reserve. Based on the data from two surveys (1996 and 2017), the changes in life form 
composition and biodiversity over the past 21 years were analyzed. We obtained the following 
results: (1) The proportion of evergreen trees increased from 55.0% in 1996 to 67.5% in 2017, and 
the dominance of evergreen species was enhanced. (2) The diversity of both life forms increased, 
and the tree species were more abundant. (3) The average annual recruitment rate of the evergreen 
species was 2.1% greater than their mortality rate, and the average annual recruitment rate of 
the deciduous species was 0.5% less than their mortality rate. (4) The competition among the 
trees in the small-diameter class (10 cm ≤ DBH < 20 cm) was fierce for many tree species. The 
proportion of the evergreen species in the small-diameter class was high. The life forms making 
up the mixed climax forest community has changed over the past 21 years, with the proportion 
and dominance of evergreen trees increasing significantly.
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1 Introduction

Long-term vegetation monitoring has been carried out in different forest types around the world. 
As global climate change intensifies, ongoing monitoring could be valuable for documenting and 
understanding forest responses to climate change (Teixeira et al. 2015; Mi et al. 2016). The ever-
green and deciduous broad-leaved mixed forest in China’s subtropical mountains is complex and 
biologically diverse and is considered to be sensitive to changes in climate (Huang et al. 2015a). 
In this type of forest, at higher latitudes, deciduous trees are dominant in the upper layers, while, 
evergreen broad-leaved species are less abundant and occupy the lower layer. As latitude decreases, 
the number of evergreen broad-leaved species increases and they gradually occupy the upper tree 
layers. The changes in the relative abundance of deciduous and evergreen life forms are often 
responses to variation in climate (Weng et al. 2017). Thus, data on the distribution of different 
life forms obtained from long-term monitoring of these forests can be helpful in understanding 
dynamic changes in forest communities.

The Tianmu Mountains area in eastern China is at a confluence of mid and northern sub-
tropical regions. Since designation as a logging exclusion area in 1956 and a conservation area 
in 1986, the forest here is protected from human disturbance. The vegetation is very lush, with 
many well-preserved forests, and high species diversity. Individuals of Cryptomeria fortunei 
Hooibr. ex Otto & Dietrich, Pseudolarix amabilis (J. Nelson) Rehder and Cyclocarya paliurus 
(Batalin) Iljinsk. distributed in this area are nationally protected species or are designated as 
rare and endangered species. In 1996, the Tianmu Mountain National Nature Reserve joined the 
World Network of Biosphere Reserves of the United Nations Educational, Scientific and Cultural 
Organization (UNESCO), which has the objective of protecting rare and endangered wildlife as 
well as forest ecosystems and their biodiversity. Therefore, long-term monitoring of biodiversity 
dynamics in this nature reserve area is important. In recent years, climate change and its impacts 
on forest ecosystems have become a hot research topic. A large number of studies on the effects 
of temperature and precipitation changes on the structure and function of forest ecosystems have 
been performed in some reserves, and have focused on plant regeneration, species composition, 
community structure, litter decomposition, and soil respiration (Peng et al. 2009; Teixeira et al. 
2013). However, to date, no one has examined the changes in life form and species composition 
in response to climate change.

Evergreen and deciduous broad-leaved mixed forest is a climax forest community of this 
mountains area at an altitude of approximately 1000 m. This forest transition zone is a unique 
natural forest type in China. Plant life form, such as deciduous or evergreen broad-leaved, 
is a manifestation of the external morphology of plants after adaptation to the environment 
(Whittaker 1970). Many studies have investigated the spatial distribution, species composition, 
community regeneration, interspecific relationships, species invasions, rare species distributions 
(Huang et al. 2015b), dominant populations and their spatial distribution patterns (Shen et al. 
2014), and species diversity distribution patterns (Ge et al. 2013; You et al. 2016; Guan et al. 
2017; Hu et al. 2018) of evergreen and deciduous broad-leaved mixed forests in this area. How-
ever, compared with either evergreen broad-leaved forests or deciduous broad-leaved forests, 
there have been few studies involving long-term monitoring of broad-leaved mixed forests in 
subtropical mountains.

In the Tianmu Mountains, with an increase in altitude and the associated drop in tempera-
ture, there is a change from a climax forest community dominated by evergreen broad-leaved 
trees firstly to a community with a balance of evergreen and deciduous broad-leaved trees and 
then to a community dominated by deciduous broad-leaved trees. The evergreen and deciduous 
broad-leaved mixed forest in this area is considered to be the zonal climax community at specific 
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elevations (Da et al. 2009). Against the background of climate change in the region, it has become 
a focus for research to determine whether the distribution of life forms in the region has changed 
particularly in the complex evergreen and deciduous broad-leaved mixed forest. Therefore, a 1 ha 
permanent monitoring plot was established at an altitude of 1065 m in 1996 in order to study 
whether the composition of the forest in terms of life forms would change or not under gradual 
climate change. In this study, we compared the 1996 and 2017 survey data for the species in the 
tree layer in the plot to analyze the changes in the species composition and community structure 
with reference to different life forms over the 21 years. We asked the following questions: (1) How 
has community structure and species composition of the mid-subtropical mountains evergreen and 
deciduous broad-leaved mixed forest changed over the past 21 years? (2) How have the dynamics 
of the life forms changed over this period?

2 Materials and methods

2.1 Study area

The Tianmu Mountain National Nature Reserve is located in the Lin’an District, Hangzhou City, 
Zhejiang Province, China (30°18′–30°25´N, 119°24′–119°28´E) and has an area of 4284 ha. The 
altitude of the area is 300–1506 m and is in a transition zone between the mid-subtropical zone 
and the northern subtropical zone. The average annual temperature at the top of the mountains 
(Xianrending weather station is at an altitude of 1506 m) is 9.0 °C and the average annual pre-
cipitation is 1751 mm (Da et al. 2009). The vegetation types are rich and diversified, and the 
vegetation distribution shows obvious vertical changes. Evergreen broad-leaved forest is a typical 
zonal vegetation that is mainly distributed at an altitude below 850 m, evergreen and deciduous 
broad-leaved mixed forest is the main vegetation type, which is mainly distributed at the altitude 
of 850–1100 m, deciduous broad-leaved forest is distributed at the altitude of 1100–1380 m, and 
deciduous coppice is distributed at the altitude above 1380 m. The floristic composition of the 
study area is complex with 1718 species of seed plants including 35 key national preserved spe-
cies accounting for 64% of the key preserved species in the Zhejiang Province, and 171 species 
of ferns as one of the regions with relatively well-preserved vegetation in eastern China.

2.2 Sample plot and survey methods

To monitor the long-term dynamics of the evergreen and deciduous broad-leaved mixed forest, 
a 1 ha (100 m × 100 m) plot was identified in the Tianmu Mountain National Nature Reserve in 
1996. The center of the plot is located at 30°34´N, 119°43´E at an altitude of 1065 m. In 1996, 
all woody plants with a diameter at breast height (DBH) of 10 cm or more were numbered and 
tagged, and names of species, heights, DBHs, crown widths, branch heights, growth state, and 
position coordinates were recorded. The site of DBH measurement was marked with paint. In the 
absence of human interference, the plots were remeasured in 2017, following the same survey 
method as used in 1996. The temperature and precipitation data in this paper were obtained from 
the monitoring data of the Hangzhou Ground Weather Station in Hangzhou, China which is about 
80 km from our study site.
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2.3 Methods of data processing and analysis

In this study, the data of the two surveys conducted in 1996 and 2017 were analyzed. The data 
of the plants with DBH of ≥10 cm (excluding vines) in the tree layer were used to compare and 
analyze the life form composition and dynamics of the tree species in the community.

The life forms of the tree layer in this study area were divided into two types, evergreen and 
deciduous (Givnish et al. 2002) depending on the presence of leaves in the tree canopy throughout 
the entire year.

The equation for the calculation of the importance value (IV) of tree species was:

IV �  relative frequency + relative density + relative basal areaa  / 3 (1)� �

The equations for the calculation of mortality (M) and recruitment rate (R) are as follows:

M F S T
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t t
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ln ln /

ln ln / ( )
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where F0 is the number of trees of a species in the first survey, Ft is the number of trees of this 
population in the second survey, St is the number of the surviving trees of the population at the 
second survey, and T is the interval time between the two surveys.

The cumulative mortality rate of the different life forms was calculated as the number of 
deaths divided by the original number of trees, and the cumulative recruitment rate was calculated 
as the number of new trees divided by the number of surviving trees. Hill numbers (Chao et al. 
2012) were used to measure diversity of tree species, including species richness (N0), exponential 
of Shannon entropy (N1), and the inverse Simpson concentration (N2). Species with ≤1 tree per ha 
were defined as rare species, species with 1−10 trees per ha were defined as an occasional species, 
and species with >10 trees per ha were defined as common species (Hubbell and Foster 1986). 
The trees in the community were divided into six DBH classes at intervals of 10 cm: 10 ≤ DBH 
< 20, 20 ≤ DBH < 30, 30 ≤ DBH < 40, 40 ≤ DBH < 50, 50 ≤ DBH < 60, and DBH ≥ 60 cm. And 
division of the height was divided into layer C (H < 10 m), layer B (10 ≤ H < 20 m), and layer A 
(H ≥ 20 m) (Lu et al. 2013).

In order to eliminate the random drift of the data between the two surveys, we divided the 
data into 25 observations (20 m × 20 m). Paired sample t-tests were used to analyze the floristic 
differences between evergreen and deciduous species between 1996 and 2017. Data processing, 
analysis, and graphing were performed in R software 3.5.0 and Origin 2017.

3 Results

3.1 Changes in species composition

The analysis of paired sample t-test showed that the number of evergreen trees increased sig-
nificantly, and the number of deciduous trees decreased significantly. The species composition 
changed significantly during the past 21 years (Table 1). For example, in 1996, the proportions of 
evergreen and deciduous trees in the community were 55.0% and 45.0% respectively, while they 
were 67.5% and 32.5% in 2017, respectively. The basal area of the evergreen trees showed an 
upward trend, while the basal area of the deciduous trees showed a downward trend. From 1996 
to 2017, the density of evergreens increased by 2.19 m2 ha–1 (11.1%), and that of the deciduous 



5

Silva Fennica vol. 54 no. 2 article id 10167 · Bai et al. · Life form dynamics of the tree layer in evergreen and …

trees decreased by 0.66 m2 ha–1 (3.6%). The proportion of the importance value of the evergreen 
trees increased from 49.2% to 56.8%, in the meantime, deciduous trees decreased from 50.8% to 
43.2% (Table 2).

3.2 Species recruitment and mortality

Evergreen trees showed a high recruitment rate and a low mortality rate. The cumulative recruitment 
rate of the deciduous trees was lower than the cumulative mortality rate and the number of trees 
decreased. 268 new evergreen trees and 90 deciduous trees were recruited over the 21-year period, 
with an average annual recruitment rate of 4.0% and 2.5%, respectively. 103 evergreen trees and 115 
deciduous trees died, with an average annual mortality rate of 1.9%, 2.9%, respectively. (Table 2).

Between 1996 to 2017, recruitment rate differed among the 8 evergreen tree species, and 
the cumulative recruitment rate was 134.0%. Seven evergreen tree species were observed to have 
dead or dying trees, and the cumulative mortality rate of the trees was 34.2%. One evergreen spe-
cies left the tree layer while another one entered. Similarly, recruitment rate differed among the 
36 deciduous tree species, and the cumulative recruitment rate was 66.7%. A total of 24 deciduous 
tree species had dead or dying trees, and the cumulative mortality rate of the trees was 45.8%. Five 
deciduous species left and 14 species entered the tree layer.

Table 1. Result of Paired samples t-test for quantity of evergreen and deciduous trees between 
1996 and 2017, in Tianmu Mountains, eastern China.

Life forms mean se t df p

Evergreen1996 – Evergreen2017 –6.56 1.41 –4.65 24 0.00
Deciduous1996 – Deciduous2017 0.96 0.35 2.75 24 0.01

Table 2. Changes of the evergreen and deciduous species in Tianmu Mountains, eastern China, in 1996 and 2017.

Life
forms

Stem density
(stems ha–1)

Basal area
(m2 ha–1)

IV Recruit
trees

Dead
trees

Survival
trees

Recruitment
rate

Mortality
rate

1996 2017 1996 2017 1996 2017 1996–2017 1996–2017 1996–2017 1996–2017 1996–2017

Evergreen 304 468 19.80 21.99 49.22 56.84 268 104 201 4.0% 1.9%
Deciduous 249 225 18.36 17.70 50.78 43.16 90 114 134 2.5% 2.9%
Total 553 693 38.16 39.69 100 100 358 218 335
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3.3 Changes in species diversity

Over the 21 years the diversity indices of both the evergreen and deciduous trees showed an upward 
trend, except for N2. For the evergreen species, the N0 remained unchanged, N1 increased from 
8.76 to 10.59 (rate change, 22.1%) and N2 declined from 1.47 to 1.32 (rate change, 10.2%). For 
the deciduous tree species, the N0 increased from 31 to 40 (rate change, 29.0%), N1 increased from 
48.32 to 58.52 (rate change, 21.1%) and N2 declined from 1.16 to 1.14 (rate change, 1.7%) (Table 3).

3.4 Changes in species height

The evergreen trees in all layers showed an increasing trend, and the deciduous trees had a decreas-
ing trend. Both in 1996 and 2017, N0 of the tree species in layer B and layer C was high, whereas 
N0 in layer A was relatively low. Furthermore, N0 in each layer of the evergreens was lower than 
that of the deciduous trees. From 1996 to 2017, among the evergreens, only one species was added 
in layer C, while among the deciduous trees, 2, 8 and 2 species were added in layer A, layer B and 
layer C, respectively, most of which were occasional species (Table 4).

Regarding the number of trees, in 1996, the evergreen trees were mainly distributed in layer 
C, and the deciduous trees were dominant in layers A and B. While in 2017, evergreen life forms 
were dominant in the layers B and C, and deciduous trees mostly existed in the layer A (Table 4). 
From 1996 to 2017, the proportion of the evergreens in all the layers showed an upward trend. The 
cumulative number of evergreen trees in layer A increased by 23.8%, but the death rate was only 
4.6%. While, the cumulative number of deciduous trees was increased by 27.4%, and the death 
rate was 22.7%. In layer B, the proportion of the evergreens exceeded that of the deciduous trees 
(Table 4). Although the number of dead deciduous trees was much higher than that of the evergreen, 
the net growth of the evergreens was higher than that of the deciduous trees. Note that Layer C 
had the highest proportion of trees. The total number of evergreen and deciduous trees increased 
by 134.7% and 131.0%, and the death rate was 38.4% and 58.0%, respectively.

Table 3. Diversity indices (Hill Numbers: N0, N1, N2) of the evergreen and 
deciduous life forms in 1996 and 2017.

Life
forms

N0 N1 N2

1996 2017 1996 2017 1996 2017

Evergreen 9 9 8.67 10.59 1.47 1.32
Deciduous 31 40 43.38 58.52 1.16 1.14

Table 4. Height structure of tree layer in Tianmu Mountains, eastern China, in 1996 and 2017.

Layer Life forms Species Trees Net gains Mortality
1996 2017 1996 2017 1996–2017 1996–2017

A Evergreen 4 4 22 26 4 1
Deciduous 9 11 66 65 –1 15

B Evergreen 8 8 76 144 68 24
Deciduous 22 30 144 93 51 59

C Evergreen 7 8 206 298 92 79
Deciduous 24 26 69 67 –2 40
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3.5 Changes in species diameter classes

Based on the number of trees in each diameter class, the number of trees with a small diameter was 
large, and the proportion of the evergreen trees increased. As the diameter increased, the number 
of trees decreased sharply. In trees with a DBH of > 50 cm, the number of trees tends to be stable, 
the diameter structure of the community showed an inverted “J” shape. As shown in Fig. 1, the 
number of trees with a small diameter (10 cm ≤ DBH < 20 cm) in the community was the highest. 
In 1996, the evergreen and deciduous trees accounted for 63.5% and 36.5%, respectively, they were 
77.9% and 22.1% in 2017. The trees with a large diameter (DBH ≥ 60 cm) always maintained a 
proportion of 50% of each life form.

Fig. 1. Size distribution of the evergreen and deciduous trees. in 
Tianmu Mountains, eastern China, in 1996 and 2017.
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In terms of recruited and dead trees in different diameter classes, the number of trees in the 
small-diameter class was the largest (Fig. 2). In general, the number of new evergreen trees entering 
the tree layer with a small diameter was 2.84 times that of the deciduous trees. The mortality rate 
of the deciduous trees is higher than that of the evergreens, and the competition among the trees 
in the small-diameter class was the most intense with a high mortality rate.

3.6 Analysis of the major tree species

There were the ten tree species having a total importance value of >70% (Table 5), playing key 
roles in determining the nature and structural characteristics of the community. In the past 21 
years, the importance values of these dominant tree species in the community remained stable. The 
importance values of Daphniphyllum macropodum Mig. and Lithocarpus brevicaudatus (Skan) 
Hayata increased significantly, and that of C. paliurus decreased slightly. Among the evergreens, 
162 D. macropodum trees showed a high net increase (accounting for 45.3% of the total recruit-
ment of the community), and their importance value increased from 3.2% to 14.7%. The rank of 
D. macropodum in the tree species rose from 12 to 1, making it the dominant tree species in the 
community. L. brevicaudatus also maintained a high recruitment rate and a low mortality rate, and 
the number of trees increased significantly, and the importance value also increased. Among the 
deciduous trees, the recruitment rate of C. paliurus was relatively low owing to its relatively high 
mortality rate resulting in a significant decrease in the importance value (Table 5).

Fig. 2. Size distribution of recruits and dead trees for each life 
form in Tianmu Mountains, eastern China, in 1996 and 2017.
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4 Discussion

4.1	Changes	in	the	floristic	characteristics	of	the	different	life	forms

In response to different types of climate changes, evergreen and deciduous trees usually exhibit 
different ecological strategies (van Ommen Kloeke et al. 2012). Since the establishment of Tianmu 
Mountain National Nature Reserve in 1956, protection measures have been adopted to better protect 
the vegetation, especially the tree layer, from human disturbance. In 1996, the dominant deciduous 
trees in the canopy significantly affected the forest understory sunlight condition, affecting forest 
regeneration and species diversity (Quigley et al. 2003). During the period of leaf-off (from late 
autumn to early spring), the amount of sunlight in the understory increases, but the low winter 
temperature may limit the growth of evergreen trees in the understory of the forest (Wyka and 
Oleksyn 2014). Thus, this kind of competition eventually formed a pattern of deciduous broad-
leaved trees dominating in the canopy and the evergreen trees dominating in the understory of the 
forest. According to the meteorological data in this area, the average annual temperature (Fig. 3 A) 
and the coldest and hottest monthly average temperature (Figs. 3 C, D) have all increased, and the 
annual precipitation (Fig. 3 B) remain stable in the past 21 years. With an increase in temperature, 
the growth season of the evergreen broad-leaved tree species was longer than that of the deciduous 
broad-leaved trees. The growth rate of the evergreen broad-leaved species was higher than that 
of deciduous broad-leaved species, so the deciduous species were gradually excluded from the 
competition (Woodward 1990). In our study area, tree layer changed from a relatively balanced 
state between the evergreen and deciduous trees to a state of evergreen tree dominance. Therefore, 
we speculate that the changes in the proportion of evergreen and deciduous trees is a reflection of 
temperature changes.

4.2 Analysis of recruitment and mortality

Forests are dynamic communities, and the dynamic changes in the mortality and recruitment rate 
could lead to dynamic changes at the plant individual, population, and community levels, which 
can significantly alter the structure and life form composition of the forest stand (Acker et al. 2014). 

Table 5. Floristic changes of the top ten tree species ranked by importance values, in Tianmu Mountains, eastern China, 
in 1996 and 2017.

Species name IV Stem density 
(stems ha–1)

Mortality
rate  

1996–2017

Recruitment
rate  

1996–2017

Life forms

1996 2017 1996 2017

1 Daphniphyllum macropodum 3.18 14.65 15 177 5.2% 16.9% Evergreen
2 Cyclobalanopsis myrsinifolia (Blume) Oerst. 17.37 10.86 153 118 2.1% 0.8% Deciduous
3 Cunninghamia lanceolata (Lamb.) Hook. 8.98 10.08 64 64 0.6% 0.6% Evergreen
4 Cyclocarya paliurus 13.4 9.69 80 56 3.3% 1.6% Deciduous
5 Liquidambar acalycina H.T. Chang 7.66 7.85 31 33 0.0% 0.3% Deciduous
6 Lithocarpus brevicaudatus 3.07 6.41 22 52 2.5% 6.6% Evergreen
7 Cryptomeria fortunei 8.98 6.36 10 9 1.1% 0.6% Evergreen
8 Litsea auriculata S.S. Chien & W.C. Cheng 3.53 3.64 15 15 0.7% 0.7% Deciduous
9 Dendrobenthamia japonica var. chinensis 

(Osborn) W.P.Fang
2.66 3.18 16 25 2.7% 4.9% Deciduous

10 Eurya hebeclados Ling 3.33 3.09 26 28 5.6% 5.9% Evergreen
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Moreover, climate warming and drought have been identified as the major driving factors that may 
change the life form composition of a forest community (Allen et al. 2010). In our study, most of 
the tree species showed different degrees of death and recruitment over 21 years. The number of 
evergreen tree species increased, such as D. macropodum and L. brevicaudatus, while deciduous 
tree species with a large DBH in the top layer die. Owing to the imbalance between mortality and 
recruitment rates, the dominance of the shade-tolerant evergreen species in the community was 
enhanced, whereas the deciduous species were largely eliminated from the community. Intense 
understory competition also has occurred in evergreen broad-leaved forests (Wang et al. 2001). 
According to the plant death structure of each diameter class, both evergreen and deciduous tree 
species had an inverted “J” type distribution. Fig. 2 shows that the mortality of the trees with small 
DBH was the highest and with medium DBH was the smallest, which is consistent with the find-
ings obtained from the evergreen and deciduous broad-leaved mixed forest in the Karst region of 
southwest China (Liu et al. 2018) and the Tiantong National Forest Park (Wu et al. 2014). Note 
that the trees with small DBH also showed the highest recruitment rate. While, in the medium- and 
large-diameter classes, the recruitment of the trees was mainly due to the growth of the surviving 
deciduous tree species as they entered the large diameter classes. This forest community is mainly 
composed of deciduous trees, and hence, the deciduous trees may suffer more losses (Mori et al. 
2007). Furthermore, the forest opening formed after canopy destruction is beneficial for the growth 
of the evergreen trees with small diameter. In our surveys, some local fallen tree areas happened 
to provide a living space for the small and medium trees belonging to some occasional species.

Fig. 3. Changes in annual temperature (MAT), annual precipitation (MAP), annual hottest month average temperature 
(Tmax) and coldest month average temperature (Tmin) of 60 years in Tianmu Mountains, eastern China.
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4.3 Changes in the species diversity

Species diversity reflects the richness of the species, the stability and dynamics of the community, 
and the relationships among the different natural geographical conditions and the community 
(Leinster et al. 2012). In these two surveys, the diversity of both the evergreen and deciduous trees 
showed an increasing trend. N0 of the evergreens was unchanged, whereas that of the deciduous trees 
increased and most of these new species were occasional species. Some studies have also found a 
lot of occasional species in the understory of evergreen broad-leaved forest community (Ding et al. 
2015) and montane rainforest areas (Zhang et al. 2015). The richness of the understory tree species 
had changed most significantly (Huelbert et al. 2006). Occasional species play an important role 
in maintaining diversity of tree layer in forest communities, and that is also the reason why the 
diversity of deciduous tree species increased but the stem density decreased. In terms of the stem 
density, the evergreen trees increased and the deciduous species gradually decreased, resulting that 
the evergreen species were continuously invading and became dominant in the community. In the 
end, the community tends to become an evergreen broad-leaved forest which is the zonal vegeta-
tion in this area. Vegetation dynamics is strongly influenced by the history of land use, climate, 
and soil (Madeira et al. 2009). Although the area of this study is a nature reserve without human 
interference, the diversity of evergreen and deciduous species here was changed. Thus, it can be 
a response of two different life forms to habitat changes in the study area.

5 Conclusion

In general, in the backdrop of continuous warming, the life form composition of the tree layer of 
the evergreen and deciduous broad-leaved mixed forest in the Tianmu Mountains was changed. 
The dominance of the evergreen component increased, and the appearance of the tree layer of 
the community developed from a relatively balanced state of evergreen and deciduous species 
towards an evergreen-dominated state. In the background of further extreme warming (Sévellec 
et al. 2018), the vegetation dynamics of the study area need to be further explored. Observation 
for a longer time scale and monitoring of different altitudes and latitude gradients can enrich the 
data sources and help us further understand the evolution of the forest ecosystems. Future research 
can also increase the correlation analysis of multi-climatic environmental factors and vegetation 
change response and provide theoretical support for the sustainable development and management 
of forest ecosystems based on richer and more rigorous statistical analysis results.
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