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The ability of community species to adapt to the environment and use resources
and the importance of species in the ecological system in time and space are
generally represented by ecological niche. In order to study the niche
characteristics and dynamic changes of the dominant species in the arbor
layer of the 4hm? Pinus tabuliformis-Quercus wutaishansea mixed forest
sample plot in Lingkong Mountain,and to gain a better understanding of the
competition and coexistence among species in the sample plot, this study was
conducted based on a typical community investigation. Four indices of important
value, niche width, niche overlap, and niche similarity were chosen to calculate
and analyze the niche characteristics and examine dynamic changes over a
period of 10 years from 2011 to 2021. The results showed that: (1) In 2021, the
important values for Quercus wutaishansea and Pinus tabuliformis were 19.906
and 13.906, respectively.The niche widths were 0.962 and 0.555, which showed
difference compared to those in 2011. Both were much larger than other species,
indicating that they occupied an absolutely dominant position in the community.
(2) The mean values of niche overlap and similarity of dominant species in the
arbor layer of the Lingkong Mountain sample plot have both increased over the
past 10 years. Additionally, the species pairs with the highest overlap and
similarity values have changed, suggesting an intensification of competition
among these species.
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1 Introduction

In the study of ecology, the niche has always been one of the
important concepts. It can reveal not only the relationship between
species and community stability but also the composition of the
ecosystem (Tanentzap et al., 2015). Through niche research, we can
gain a deeper understanding of species competition and coexistence
within a community. This knowledge allows us to comprehend the
structure and stability of the community (Sun et al, 2022).
Furthermore, it can be extended to biodiversity research, plant
community succession, and forest utilization and protection. At
present, research on niches primarily focuses on community
composition and characteristics (Xu et al., 2013), spatial structure
(Colwell and Futuyma, 1971), and other factors that reflect the
fundamental aspects of the community. However, there are few
studies on monitoring plant communities in large-scale fixed plots,
and limited research on the dynamic changes of niche
characteristics. In this study, the niches of dominant species in
the arbor layer in 2011 and 2011 were investigated in a fixed plot of
4hm?® Pinus tabuliformis-Quercus wutaishansea mixed forest on
Lingkong Mountain, Shanxi Province, China. The results revealed
changes in the plant community niche in the sample plot over the
past 10 years, which could serve as a reference for future
niche studies.

Niche width, niche overlap, and niche similarity are three
important concepts in niche research. In general, the wider the
niche width, the more intense the competition among species, and
the greater the probability of niche overlap (Velazquez et al., 2015).
Niche overlap and niche similarity are often utilized to analyze
interspecific relationships and contribute to the examination of
community succession trends. In previous studies, niche overlap
and niche similarity are often used in animal research (Alverson
et al., 2001). However, the concept of niche could also be used to
explain the biological mechanisms of plant community aggregation
and dispersion (Adler et al., 2010). Therefore, the study of niche
data is a relatively effective method to indicate the characteristics
and dynamic development of plant communities (Lu et al., 2020).
The advantage of this method is that it can reflect the degree of
resource utilization of different species within the habitat and reveal
the role of different populations in community development (Chase
and Belovsky, 1994), thereby reflecting the dynamic changes of the
entire community.

The research subjects in temperate forest ecology typically
consist of trees (Wang et al., 2021). Pinus tabuliformis and
Quercus wutaishansea are important components of arbor layers
in temperate forests, widely distributed in the North China Plain.
The mixed forest of Pinus tabuliformis and Quercus wutaishansea is
a typical forest type in Lingkong Mountain Nature Reserve of
Shanxi Province. Based on the traditional community quadrat
survey, this study monitored a fixed large plot over an extended
period and systematically analyzed the recorded data following field
investigations. The results reflected the basic situation of the
dominant species’ niche in the arbor layer and the dynamic
changes over the past 10 years. This information provides a
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theoretical basis for understanding interspecific competition and
symbiosis among different species.

2 Overview of the study area

The 4hm? Pinus tabuliformis-Quercus wutaishansea mixed
forest is situated in Lingkong Mountain Nature Reserve, Qinyuan
County, Changzhi City, Shanxi Province, China. It is a typical
temperate continental monsoon climate, characterized by high
temperatures and rainfall in summer, and cold, dry conditions in
winter (Yi et al., 2010). The annual precipitation is about 656.4 mm,
the average annual temperature is 8.6°C, and the frost-free period is
about 95 days~156 days. The altitude ranges between 1853.5m and
1660.2m, with a complex topography. Meanwhile, the overall trend
is low in the north and high in the south. The dominant species of
the arbor layer in the plot are Quercus wutaishansea and Pinus
tabuliformis. The associated species are Acer tataricum subsp.
ginnala, Pyrus betulifolia, Toxicodendron vernicifluum, Fraxinus
chinensis and Crataegus kansuensis, etc. Figure 1 shows the
geographical location and topographic map of the Lingkong
Mountain sample site using ArcMap 10.5.

3 Investigation methods
3.1 Sample site settings

Based on a survey of a typical community quadrat, all the plants
within the quadrat were recorded and classified. This sample plot
covered an area of 4hm?, with a total of 400 small plots measuring
10 * 10 meters each. The fixed plots consisted of Pinus tabuliformis
and Quercus wutaishansea. In order to establish a sample site with
generally consistent habitat conditions, a total station was used to
mark points every 10m in the due north and due south directions
when designing the sample site, covering a total length of 200m. A
sample pile was set up and numbered. This method was repeated
until 400 small sample squares were completed. Each plant in every
quadrat was meticulously documented, and metal tags were
attached to aid in recording during future surveys.

3.2 Community investigation

The sample plot area of this survey was 4hm?, including 400
quadrat plots of 10 * 10 meters. Each quadrat was then divided into
four plots measuring 5 * 5 meters. Detailed community
investigation was conducted on each quadrat. The coordinates,
DBH, tree height, crown width, height under branch, phenological
period, and viability of each plant in the sample plot were recorded.

4 Data processing

This data was derived from the general survey of the fixed plot of
4hm? Pinus tabuliformis-Quercus wutaishansea mixed forest in
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FIGURE 1
Location and topographic map of Lingkong Mountain sample plot

Lingkong Mountain in 2011 and 2021. Important value, Levins,
Shannon niche width index and niche overlap formula were selected
to calculate the niche width and niche overlap of arbor layer species in
Lingkong Mountain sample plot, and to comprehensively reflect the
characteristics of plant community structure in arbor layer and niche
characteristics of dominant species in arbor layer. All data were
processed and analyzed by Excel 2013, and Origin2023 was applied
to map the niche widths, overlapping values and similar values of the
dominant species in the arbor layer in the sample plot in 2011 and
2021. The specific calculation method was as follows:

4.1 Important value

The important value was used as a comprehensive index to
reflect the characteristics of plant community species (Li et al,
2020). In this study, the mean values of relative height, relative
abundance, and relative significance were used as important
indicators. The calculation formula is as follows:

IV = (RH + RA + RS)/3 (1)

hi
RH =

2iihi

*100 %

% 100 %

E?:lai

RA =

d:
RS = ——+100%

Siidi
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In the formula, h; represents the height of species i, a; represents
the number of species i, d; represents the DBH of species i, and n
represents the number of species.

4.2 Niche width

Niche width is an index used to reflect the degree of resource
utilization within the territory of different species. It directly and
objectively expresses the value and comparison of niche width of
each species in the community (Yi et al., 2012; Li and Li, 2021). The
specific calculation methods were as follows:

(1) Levins niche width index, calculated by the formula
(He et al., 2012):

B =1/3,P; ()

In the formula, P; = %, N; = 2}:1”1‘1" B; represents the niche
width of species i; Py refers to the frequency of utilization of
resources j by species i in the total resources; r represents the
number of sample plots.

(2)Shannon niche width index:

B, = -3\, PylnP; 3)

In the formula, P;; =L—";, N; :E;:1”g~ The range of this
equation is [0, log r], which is determined by the importance
value in this study. Py refers to the frequency of utilization of
resources j by species i in the total resources; r indicates the number
of sample plots.
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4.3 Niche overlap

Niche overlap refers to the degree to which two species share the
same resources within a specific habitat (Wu and Lu, 2016). The
Pianka index was used for calculation, which could objectively
reflect the similarity of resource utilization or ecological adaptation
among populations and had strong biological significance (Pianka,
1973). The formula is as follows:

(4)

Ny refers to the niche overlap index between species i and species
k, with a value ranging from 0 to 1. A value of 1 indicates complete
overlap of the two species’ niches, while a value of 0 indicates no
overlap between the two species” niches. Pj; refers to the frequency of
utilization of resources j by species i in the total resources. Py is the
same, and r represents the number of sample plots.

4.4 Niche similarity

Niche similarity is an important index used to measure the
degree of similarity in the utilization of the same resources between
species (Liu et al., 2020). The formula is as follows:

i1 1Py = Pyl _
M. =1- T S -1 min (Py,Py) (5)
My is the similarity index between species i and species k,
ranging in size from 0 to 1. The larger the value, the greater the
degree of similarity between the two species. Py refers to the
frequency of utilization of resources j by species i in the total

resources. Py is the same, and r is the number of sample plots.

10.3389/fevo.2024.1334665

5 Results and analysis

5.1 Dynamic analysis of important value of
plant community

In 2021, there were a total of 21,619 trees, 15 families, 19 genera,
and 31 species in the 4hm? mixed forest sample plot of Lingkong
Mountain. The important values of each tree species in 2011 and
2021 were calculated according to the formula above. Then, the top
13 species were selected as dominant species and numbered
accordingly, as illustrated in Table 1. Important values are
calculated by formula (1).

As shown in Table 1, the IV of Quercus wutaishansea and Pinus
tabuliformis in 2021 were 19.906 and 13.906, respectively, which
remained the same as in 2011. These values were significantly
higher than those of other species, suggesting that Quercus
wutaishansea and Pinus tabuliformis held a dominant position in
the Lingkong Mountain sample plot. Their competitiveness for
various resources within the community surpassed that of other
species, playing a crucial role in the ecosystem. In 2021, the
important values of Pyrus xerophila, Crataegus maximowiczii and
Malus honanensis were less than 1 in the sample plot. In contrast, in
2011, only Malus honanensis had an IV below 1, indicating that
these species did not dominate the whole arbor layer plant
community. The important values of other species ranged from 1
to 5, indicating their relatively large presence and dominant
position within the community. However, their ability to compete
for resources in the sample plot was relatively weak.

Compared with 2011, the important values of Quercus
wutaishansea, Pinus tabuliformis, Acer tataricum subsp. Ginnala,
Pyrus betulifolia, Toxicodendron vernicifluum, Fraxinus chinensis,
Crataegus pinnatifida, and Acer truncatum had increased in
2021.Among them, the increase rate of Toxicodendron

TABLE 1 Numbers and important values of dominant species in the arbor layer of the sample plot.

Dominant species

1 Quercus wutaishansea 3.754 6.587 47.602 45.095 4.320 8.035 18.559 19.906
2 Pinus tabuliformis 6.972 10.596 21.282 20.103 8.288 11.021 12.181 13.906
3 Acer tataricum subsp. ginnala 1.056 1.256 10.403 11.149 0.704 1.940 4.054 4.782
4 Pyrus betulifolia 1.950 2.173 8.298 9.086 2.036 3.085 4.095 4.781
5 Toxicodendron vernicifluum 2.535 6.162 0.698 0.582 1.465 5.728 1.566 4.157
6 Fraxinus chinensis 1.186 0.966 4.140 5.511 0.866 1.306 2.064 2.594
7 Crataegus kansuensis 2.145 1.980 3.663 3.560 1.817 2.083 2.542 2.541
8 Crataegus pinnatifida 1.024 1.526 2.382 2.724 0.657 2.593 1.354 2.281
9 Malus spectabilis 3.933 2.936 0.296 0.313 4.501 2.861 2.910 2.037
10 Acer truncatum 1.658 2.463 0.250 0.249 1.256 2.998 1.055 1.903
11 Pyrus xerophila 2.015 1.246 0.019 0.244 1.275 1.424 1.103 0.972
12 Crataegus maximowiczii 2.763 1.256 0.005 0.249 1.113 0.566 1.294 0.690
13 Malus honanensis 1.576 1.024 0.199 0.215 0.790 0.373 0.855 0.537
Frontiers in Ecology and Evolution 04 frontiersin.org


https://doi.org/10.3389/fevo.2024.1334665
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Ni et al.

vernicifluum’s important value was the largest, which was 2.591.
Combined with the growth situation, the increase in relative height
(RH) and relative significance (RS) was mainly observed. The
average tree height increased by 3.845 meters over 10 years.
Among the species studied, Fraxinus chinensis showed the
smallest increase (0.530). Notably, the values for Crataegus
maximowiczii, Malus honanensis, Pyrus xerophila, Malus
spectabilis and Crataegus kansuensis decreased. The most
significant decline was observed in Malus spectabilis (0.873),
primarily due to reductions in RH and RS. Conversely, the
smallest decline was recorded in Crataegus kansuensis (0.001).

5.2 Dynamics of niche characteristics

Niche width could reflect a species’ ability to compete for
resources within a specific habitat range, and interspecific
competition could reduce niche width to some extent (Parent
et al, 2014). Generally, the niche width of dominant species
fluctuates less than that of non-dominant species (Hu et al,
2006). Table 2 illustrates the changes in niche width values of the
main dominant species in the arbor layer of Lingkong Mountain
over the past 10 years.

Niche width could be used to measure the degree of resource
utilization of the population, and the larger the value, the stronger
the adaptability to the environment (Zhang et al., 2016). The values
of niche width were calculated by formula (2) and (3). As can be
seen from Table 2, the niche width of Quercus wutaishansea was the
largest in 2021 (0.962) and was 1.007 in 2011, followed by Pinus
tabuliformis (0.555), indicating that they could better utilize various
resources in the sample plot and had a larger living space and scope.
The niche widths of other species were smaller than those of the
two, indicating poorer adaptability to the environment, reduced

10.3389/fevo.2024.1334665

living space, decreased competition for resources, and lower
dominance in the community.

As can be seen from Figure 2, the niche widths of dominant
species in the arbor layer in the sample plot did not change
significantly overall. The main changes were reflected in the fact
that the niche widths of Quercus wutaishansea, Pinus tabuliformis,
Toxicodendron vernicifluum and Crataegus kansuensis all decreased
in 2021. Among these species, Pinus tabuliformis experienced the
largest decrease of 0.059. In combination with the quantitative
characteristics, the number in 2011 was 4601, and in 2021, it
decreased by 490. This indicates that the decrease in individual
numbers eventually led to a reduction in niche width. The largest
increase was in Fraxinus chinensis, with a growth of 0.049. In
combination with the quantitative characteristics, the number
increased to 1127 in the past 10 years, representing a growth of
25.922%, ultimately boosting the niche width value in 2021.

From the correlation diagram (Figure 3), the niche width and
importance value of each dominant species in the arbor layer in the
sample plots in 2011 and 2021 showed a significant positive
correlation (P< 0.05). In the simulated fitting equation, the slope
in 2021 was smaller than that in 2011, indicating that the coefficient
of determination in 2011 was larger, and the correlation strength
is higher.

5.3 Dynamics of niche overlap

Niche overlap refers to the phenomenon where multiple species
coexist in the same habitat and compete for shared resources
simultaneously (D’Andrea and Ostling, 2017). Thus, the niche
overlap of biologically similar species tended to be greater (Elliott
and Davies, 2017). Generally speaking, when resources were
limited, there would be competition. The higher the degree of

TABLE 2 Numbers and niche widths of the main dominant species in the arbor layer of the sample plot.

Number of individuals Niche widths
Dominant species
2011 2021 2011
1 Quercus wutaishansea 10291 9222 1.007 0.962
2 Pinus tabuliformis 4601 4111 0.615 0.555
3 Acer tataricum subsp. ginnala 2249 2280 0.347 0.360
4 Pyrus betulifolia 1794 1858 0.321 0.337
5 Toxicodendron vernicifluum 151 119 0.042 0.035
6 Fraxinus chinensis 895 1127 0.169 0.218
7 Crataegus kansuensis 792 728 0.171 0.165
8 Crataegus pinnatifida 515 557 0.121 0.133
9 Malus spectabilis 64 64 0.021 0.021
10 Acer truncatum 54 51 0.018 0.018
11 Pyrus xerophila 4 50 0.002 0.017
12 Crataegus maximowiczii 1 51 0.000 0.017
13 Malus honanensis 43 44 0.015 0.016
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FIGURE 2
Niche widths of dominant species in the arbor layer in 2011 and 2021.

overlap, the more intense the competition between species, and the
greater the overlap value. If the overlap value was 1, it indicated that
the two species shared the same niche, and the niche was completely
overlapped, which intensified interspecific competition between
them and accelerated the extinction of the species. An overlap
value of 0 indicates that the two species have completely different
niches, and there is no interspecific competition between them.
The values of niche overlap were calculated by formula (4).
Figure 4 shows the values of niche overlap of dominant species in
the arbor layer in 2011 and 2021 calculated using the formula above.
The average overlap value in 2011 was 0.660, indicating intense
competition among the species of the arbor layer in the sample plot.
Among the 78 niche overlap indices calculated for 13 dominant
species, 75 species pairs (96.154%) had a value greater than 0.2.
There were three species pairs with values less than 0.2, which were
Fraxinus chinensis-Pyrus xerophila (0.111), Malus spectabilis-
Crataegus maximowiczii (0.164), and Acer truncatum-Pyrus
xerophila (0.000). The ecological overlap values were much
smaller than that of the other species pairs, indicating that the
niches of these five species were different, and the degrees of
competition for the same resource were relatively small among
them. Among the dominant species in the arbor layer, the overlap

10k 2011: O 2011
Y=0.055X-0.007 A 2021
™ A
0.8 | R*=0938
P<0.05
= 0.6 -
bt
Z o4
=
2
“ 02t
2021:
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FIGURE 3

Correlation between important values and niche widths of dominant
species in arbor layer in 2011 and 2021.
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value between Pinus tabuliformis-Crataegus pinnatifida was the
highest (0.999), suggesting that their niche overlap was extremely
high and competition was intense.

The average niche overlap value of dominant species in the
arbor layer of the plot in 2021 was 0.814, which increased from
0.660 in 2011. This indicates that competition among these species
in the plot has become more intense over the past 10 years. Among
the 78 niche overlap indices, there were 74 species pairs (94.872%)
with a value of more than 0.5. The overlap value of Quercus
wutaishansea-Pyrus betulifolia (0.997) was the largest among
dominant species in the arbor layer, indicating the highest degree
of niche overlap and intense competition between them. The species
pair with the smallest value was Acer tataricum subsp. ginnala-
Pyrus xerophila (0.398), which was slightly smaller than the other
species pairs, indicating that the extent of niche overlap between
these two species was not very high. The degree of competition for
the same resource in the habitat was relatively small.

In the past 10 years, the change in niche overlap values between
the main dominant species in the arbor layer of the Lingkong
Mountain sample plot has shown an increase in the overall mean
value. This suggests that the overall competition among plants in the
sample plot has intensified. In addition, the most fiercely competitive
species in 2011 were Pinus tabuliformis and Crataegus pinnatifida,
while in 2021 they were Quercus wutaishansea and Pyrus betulifolia.
Combined with the aforementioned quantitative characteristics, the
primary reason for the changes is that, in comparison to other
species, the population of Pinus tabuliformis and Pinus tabuliformis
and Quercus wutaishansea decreased over the past 10 years, whereas
the numbers of Crataegus pinnatifida and Pyrus betulifolia have
notably increased. The large-scale changes in individual numbers
reflected the intense competition between species, eventually leading
to a change in niche overlap value.

5.4 Dynamics of niche similarity

Niche similarity reflects the degree of similarity between two
species that use the same resources in the same habitat territory
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FIGURE 4

Niche overlap values of dominant species in the arbor layer in 2011 and 2021.

Overlap value

simultaneously. The values of niche similarity were calculated by
formula (5). Figure 5 shows the niche similarity values of the main
dominant species in the arbor layer of Lingkong Mountain in 2011 and
2021. It can be seen that the mean value of similarity in 2011 was 0.898,
indicating that the niche of tree species was generally similar. Among
78 species pairs, 76 pairs with a value of more than 0.5 accounted for
97.436%, indicating that most species had similar ecological niches.
There were two pairs with a value of less than 0.5, namely Quercus
wutaishansea-Pyrus xerophila (0.497) and Quercus wutaishansea-

Crataegus maximowiczii (0.497), accounting for 2.564%. The largest
similarity index was 0.999 (Pyrus xerophila- Crataegus maximowiczii),
indicating that their niches were very similar. This suggests that the
demand for and utilization of resources were also similar, potentially
intensifying interspecific competition.

The mean similarity value in 2021 was 0.902, higher than the
0.898 recorded in 2011. In 2021, 78 species pairs had similarity
values exceeding 0.5, suggesting a gradual convergence of niches
among dominant species in the arbor layer and an intensification

Similarity value
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Niche similarity values of dominant species in the arbor layer in 2011 and 2021.
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of interspecies competition. Among them, the highest similarity
index was 0.999 (Acer truncatum-Malus honanensis), indicating
that their niches were very similar. This similarity intensified the
competition for the same resources within the territory. The
similarity indexes of Quercus wutaishansea-Pyrus xerophila and
Quercus wutaishansea-Malus honanensis were the lowest among
all species pairs (both were 0.527), indicating that their niche
similarity was relatively low and the interspecific competition was
not particularly fierce.

In the past 10 years, the change in niche similarity values of
dominant species in the arbor layer was primarily seen in the
increase of the overall mean value. It rose from 0.898 in 2011 to
0.902 in 2021, marking a 0.445% increase. In addition, the species
pair with the highest similarity index in 2011 was Pyrus xerophila-
Crataegus maximowiczii (0.999), which decreased to 0.991 in 2021.
The main reason for the change might be that 46 new plants of
Pyrus xerophila and 50 new plants of Crataegus maximowiczii were
added in the past 10 years. The number of individuals of both
species showed an increasing trend, with little difference in the
number of newly added individuals. This indicates that the
competition between them had eased, leading to a decrease in the
degree of decline. Consequently, the similarity value of this
pair declined.

6 Discussion and conclusion

Through the collation and analysis of data up to the present
date, it is evident that among the dominant species in the arbor
layer of Lingkong Mountain, the highest importance value in
2021 was attributed to Quercus wutaishansea, followed by Pinus
tabuliformis. The difference between 2021 and 2011 was not
significant, and the values were much higher than those of
other species. These results indicate that the two species
occupied an absolutely dominant position in the arbor layer of
the plot. Their competitiveness for various resources in the plot
was far greater than that of other species, and they played an
extremely important role in maintaining and developing the
community status. This result was consistent with the
conclusion drawn by Huo et al. (2014). The importance values
of the other species were not more than 5, with the largest being
4.782 (Acer tataricum subsp.). The largest value was 0.637 (Acer
ginnala), while the smallest was 0.537 (Malus honanensis). This
suggests that Acer ginnala and Malus honanensis were less
competitive in resource utilization compared to Quercus
wutaishansea and Pinus tabuliformis. They only exhibited a
moderate level of dominance and did not fully exploit a wide
range of resources.

The niche overlap index reflects the degree of competition
between two species for various resources during their lifetime. A
larger niche width value often corresponds to a larger niche overlap
value, which is consistent with the research results of Gu et al. (Gu et
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al., 2017). The overlap values of Quercus wutaishansea with other
species, which had the largest niche width, were mostly above 0.9.
This indicates intense interspecific competition with other species
and a significant competition for the utilization of various resources.
In the past 10 years, the change in the overlap values of the main
dominant species in the arbor layer of Lingkong Mountain was
primarily characterized by an increase in the mean value, which rose
by 23.333%. In addition, the species pairs with the highest overlap
value also changed. In 2011, it was Pinus tabuliformis-Crataegus
pinnatifida (0.999), and in 2021, it was Quercus wutaishansea-Pyrus
betulifolia (0.997). The main reason for the change might be that the
number of individual species involved has changed significantly in
the past 10 years.

It was found through calculations that the niche similarity index
of dominant species in the arbor layer of Lingkong Mountain sample
plot has shown an increasing trend over the past 10 years, with an
average value of 0.898 in 2011 and 0.902 in 2021. The species pair
with the largest similarity index changed in 2011, namely, Pyrus
xerophila-Crataegus maximowiczii (0.999), and in 2021, it was Acer
truncatum-Malus honanensis (0.999). Based on the quantitative
characteristics mentioned above, the change may be attributed to
the small and similar number of individuals of Pyrus xerophila and
Crataegus maximowiczii in 2011, as well as the comparable number
of newly added individuals over the past 10 years, leading to a certain
level of competition. Consequently, the similarity index decreased
from 0.999 in 2011 to 0.991 in 2021. The populations of Acer
truncatum and Malus honanensis have remained relatively stable
over the past 10 years, with the niche similarity value increasing from
0.998 in 2011 to 0.999 in 2021. This increase marked the highest
similarity value among all species pairs in 2021.

From the above analysis, Quercus wutaishansea and Pinus
tabuliformisare were the absolute advantage species in Lingkong
Mountain sample plot, and the associated species were mainly Acer
tataricum subsp. Ginnala, Pyrus betulifolia, Toxicodendron
vernicifluum, Fraxinus chinensis, Crataegus kansuensis, Crataegus
pinnatifida, Malus spectabilis, Acer truncatum, Pyrus xerophila,
Crataegus maximowiczii, Malus honanensis etc., with a rich
number of species. Various species had similar niche, and the
overall niche overlap index was high, indicating that the
competition among different species in the arbor layer in
Lingkong Mountain sample plot was relatively fierce, and some
species disappeared, indicating that they had weak adaptability in
the sample plot and were gradually eliminated. On the whole, the
structure of the dominant species in the arbor layer of Lingkong
Mountain sample plot was stable and the competition between
species was intense.
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Summary table of tree species in the arbor layer of Lingkong

Mountain in 2021.

Tree species Genus Family
Betula platyphylla Betula Betulaceae
Carpinus turczaninowii Carpinus Betulaceae
Carpinus cordata Carpinus Betulaceae
Fraxinus chinensis Fraxinus Oleaceae
Acer tataricum subsp. ginnala Acer Sapindaceae
Acer davidii Acer Sapindaceae
Acer truncatum Acer Sapindaceae
Acer pictum Acer Sapindaceae
Ailanthus altissima Ailanthus Simaroubaceae
Pyrus betulifolia Pyrus Rosaceae
Pyrus xerophila Pyrus Rosaceae
Malus honanensis Malus Rosaceae
Malus spectabilis Malus Rosaceae
Malus baccata Malus Rosaceae
Crataegus pinnatifida Crataegus Rosaceae
Crataegus maximowiczii Crataegus Rosaceae
Crataegus kansuensis Crataegus Rosaceae
Crataegus cuneata Crataegus Rosaceae
Broussonetia papyrifera Broussonetia Moraceae
Juglans mandshurica Juglans Juglandaceae
Juglans regia Juglans Juglandaceae
Quercus dentata Quercus Fagaceae
Quercus aliena Quercus Fagaceae
Quercus wutaishansea Quercus Fagaceae
Styphnolobium japonicum Styphnolobium Fabaceae
Sambucus williamsii Sambucus Adoxaceae
Toxicodendron vernicifluum Toxicodendron Anacardiaceae
Senecio scandens Senecio Asteraceae
Populus davidiana Populus Salicaceae
Pinus tabuliformis Pinus Pinaceae
Ulmus pumila Ulmus Ulmaceae
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