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Abstract: Tapiscia sinensis Oliv. (T. sinensis), known as the Yingjiao tree, belongs to the Staphyleaceae
family. It is a deciduous tree species endemic to China and represents an ancient species from the
Tertiary glacial relics, possessing significant ecological and economic value. This study is based
on 154 effective distribution points of T. sinensis in China and 12 environmental factors. Using
integrated modeling and ArcGIS software (v10.8), the potential geographic distribution of T. sinensis
under climate change was predicted to assess its future impact on distribution and ecological niche.
Additionally, on-site surveys were conducted to compare the characteristics of T. sinensis forest
communities across different habitability zones. The study also proposes conservation strategies
based on the influence of climate change on the distribution of T. sinensis and the characteristics of its
forest communities. The results indicate that (1) the current highly suitable areas for T. sinensis are
primarily located in the municipal regions where Chongqing, Hubei, Hunan, and Guizhou provinces
meet, covering an area of 20.44 × 104 km2. (2) In three suitable community categories, T. sinensis is
consistently a subdominant species, with the community in moderately suitable areas being the most
diverse and exhibiting higher stability and evenness. (3) Under future climate change scenarios, the
potential distribution area for T. sinensis will gradually decrease with rising temperatures. It will shift
toward northern higher latitude regions, with the degree of ecological niche migration also increasing.
(4) Conservation measures for T. sinensis primarily involve in situ and ex situ protection approaches.
These results provide a theoretical basis for the scientific management and resource conservation of
T. sinensis.

Keywords: Biomod2; climate change; conservation strategies; endemic relict trees in China; potential
distribution and change prediction

1. Introduction

In the context of global climate change, the responses and feedback generated by
terrestrial ecosystems have become one of the core research areas and focal issues [1,2].
Global climate change has already significantly impacted the ecological characteristics of
species, geographic distribution patterns, etc., and this impact is expected to increase in
the future [3,4]. Plant growth and its influencing factors have been widely discussed and
studied for decades and have become a research hotspot [5–7]. Plant growth is influenced
by multiple factors, such as climate, hydrology, and soil type [5,6,8]. Plant growth is
primarily affected by climate change, while non-climatic factors affect short-term changes
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in plants [9,10]. Climate change is causing some plants and animals in China to move
to higher latitudes and altitudes [11]. Since the industrial revolution, human activities
have been the main cause of the continuous increase in greenhouse gas concentrations [12],
which, together with natural factors, influence Earth’s climate system [13]. This study uses
the latest round of the International Coupled Model Intercomparison Project (CMIP6) for
climate models [14]. Compared to CMIP5, CMIP6 incorporates more factors interacting
with the climate, leading to simulation results closer to actual observations [15]. CMIP6
provides projections under four Shared Socio-economic Pathways (SSPs), indicating that
global temperature change by 2100 could range from 3 to 5.1 degrees Celsius [16].

A Species Distribution Model (SDM) is a model that predicts a species’ current and po-
tential distribution by using known species occurrence points and associated environmental
variables. It employs specific algorithms to assess the ecological requirements of a species
and projects the results into specific spatial and temporal dimensions. As biodiversity
conservation research has deepened in recent years, SDM has been widely applied in biodi-
versity conservation [17–20]. Different SDM methods have varying underlying principles
and algorithms, leading to differences in applicability and predictive performance [21,22].
It is difficult to identify a single-optimal model algorithm. The Biomod2 platform based
on R software (v4.2.3) provides 10 commonly used SDM algorithms, allowing users to
freely combine and customize an ensemble model for their study species [23,24]. Although
it is impossible to avoid individual models’ inherent limitations completely, the optimal
simulation effect can be achieved by assigning appropriate weights to each model within
the ensemble model [25,26].

Tapiscia sinensis Oliv. (T. sinensis), which belongs to the family Tapisciaceae, is a
unique tertiary relict plant endemic to China [27,28]. It plays a crucial role in maintaining
forest biodiversity in China [28–30]. The species is significant for studying subtropical
flora and Chinese angiosperm breeding systems [31,32]. It is only sparsely distributed
in China’s broad subtropical regions, ranging from the west to the east, from provinces
such as Sichuan, Shaanxi, and Guizhou. Owing to its poor reproductive performance and
natural regeneration capacity, as well as the extensive destruction caused by deforestation
and land clearing [33], the wild population of this species is small and widely dispersed.
Hence, strengthening protection is necessary [34]. Due to habitat loss and fragmentation,
T. sinensis populations have declined dramatically, resulting in significant degradation of
forest ecosystems, making it an important species for conservation. The extensive collection
of specimen occurrence data is expected to improve the understanding of T. sinensis’s
geographical distribution and biogeographical dynamics. T. sinensis has received consid-
erable research attention because of its unique functionally dioecious breeding system,
thus presenting an essential case for studying the evolution of angiosperm reproduction
mechanisms [27,31]. Moreover, this species is a vital genetic resource for developing new
drugs and bioproducts [35,36].

In summary, it can be observed that although there are many studies on T. sinensis,
research on its suitable species distribution patterns and potential habitability zone are
still limited. There has been no research combining the prediction of potential distribution
areas of T. sinensis and the analysis of community characteristics in different levels of
habitability zones. Therefore, in order to provide a theoretical basis for the conservation of
T. sinensis and to offer references for the protection and restoration of endangered plants
in China, this study will undertake the following research tasks: (1) analyze the suitable
distribution areas of T. sinensis under different climatic conditions; (2) analyze the trends
of ecological niche changes in T. sinensis under future climatic conditions; (3) analyze
the community characteristics in different levels of habitability zone for T. sinensis; and
(4) propose conservation strategies for T. sinensis in the context of climate change.
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2. Materials and Methods
2.1. Species Distribution Data

In this study, the distribution data of T. sinensis in China were obtained from two
sources: one part was collected from the National Plant Specimen Resource Center (NPSRC,
http://www.cvh.ac.cn/, accessed on 10 December 2023) and the other part was gathered
through field surveys conducted between June and September 2023. A total of 241 distribu-
tion points of T. sinensis were collected from these two sources. To avoid bias in the output
results caused by spatial autocorrelation resulting from data overlap reduction, only one
distribution point was retained per grid (5 km × 5 km). Ultimately, 154 valid samples were
obtained, as shown in Figure 1a.
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2.2. Selection and Processing of Environmental Factors

This study includes 34 environmental factors, including 19 climate factors, 14 soil
factors, and 1 terrain factor (Table S1). Climate data were obtained from the WorldClim
database (http://www.worldclim.org, accessed on 17 March 2024) [37]. Climate data
for the current period cover the years 1970–2000, while future climate data under three
different shared socioeconomic pathways (SSP126, SSP245, and SSP585) were sourced
from the Beijing Climate Center Climate System Model (BCC-CSM2-MR) for the periods
2041–2060 (2050s) and 2080–2100 (2090s) [38]. Soil and terrain data were derived from the
Food and Agriculture Organization of the United Nations’ World Soil Database (HWSD)
(http://www.fao.org/faostat/en/#data, accessed on 18 March 2024) [39]. China’s standard
map boundary data from the National Administrative Division Information Query Platform
(http://xzqh.mca.gov.cn/map, accessed on 20 March 2024) were used to extract data
within China’s borders. All raster data were standardized to a spatial resolution of 2.5 min
(5 km × 5 km) using the ArcGIS 10.8 Arc Toolbox. Current environmental data for the
actual occurrence points were extracted using ArcGIS (v10.8) to prevent overfitting of the
model between environmental factors [40]. Subsequently, in R software (v4.2.3), the “usdm”
package was used to conduct Variance Inflation Factor (VIF) and Pearson correlation
tests on the environmental factors. We selected climate factors with a Pearson correlation
coefficient of less than 0.7 and a VIF value of less than 5 for the subsequent construction
of the SDM [41]. The final model retained 7 climate variables, 4 soil factors, and 1 terrain
variable, totaling 12 environmental factors (Table S2).

2.3. Construction of the Integrated Model

In building and evaluating SDM, certain modeling algorithms require the simulta-
neous use of presence data (i.e., data points where species are observed) and absence
data (i.e., data points where species are not observed). Due to the lack of relevant records
concerning absence points, Biomod2 employs an ensemble algorithm capable of generating
absence points based on presence data. In this study, 1200 coordinate points were randomly
generated in China and treated as pseudo-absence data to meet the model requirements.
Cross-validation was used to process the presence of data involved in modeling. All the
data were divided into a training set and a testing set, with 75% of the presence data
used for the training set, combined with bioclimatic variables for model construction and
training; the remaining 25% of the presence data served as the testing set to evaluate the
accuracy of model predictions. The weights for the presence and pseudo-absence data
were set to be equal, and this process was repeated five times, resulting in 100 model simu-
lations. The accuracy of the predicted results was assessed using AUC and TSS. Models
with TSS ≥ 0.7 were retained, and a weighted average method was used to construct the
ensemble model [42]. Regarding model output, a 0/1 threshold (cut-off) was established;
areas below the threshold were considered unsuitable, while areas above the threshold
were divided into three equal parts corresponding to low, medium, and high suitability
areas (cut-off = 0.353). Finally, the classification results were loaded into ArcGIS v10.4.1 for
visual representation.

2.4. Changes in Ecological Niches

The point selection area under the current climate is based on T. sinensis points and a
1-degree buffer distance. For the future climate, the point selection area was based on the
suitable area predicted by the ensemble model for T. sinensis. Using the points and climate
data, the species model software package “ecospat” calculated the overlap between the
T. sinensis niches and the current niche under different future climate scenarios. Changes in
the niche were then observed. This analysis uses the niche parameter D (observed value),
which ranges from 0 to 1, from no overlap to complete overlap, to analyze the impact of
climate change on the T. sinensis niche [43].

http://www.worldclim.org
http://www.fao.org/faostat/en/#data
http://xzqh.mca.gov.cn/map
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2.5. Field Survey Sample Plot Settings

Based on the potential geographical distribution of T. sinensis under current climatic
conditions, field surveys of T. sinensis communities were conducted using a plot-based
approach in the forest area of Emei Mountain, Sichuan Province. Three plots were estab-
lished in the high suitability area, three in the medium suitability area, and three in the
low suitability area. The name, diameter at breast height (DBH; ≥1.5 cm), height (≥1.2 m),
and crown width of each tree species were recorded. Environmental indicators such as
altitude, geographic coordinates, aspect, and slope were also recorded. The reasons for
selecting the Emei Mountain forest area in Sichuan for the T. sinensis plots are as follows:
(1) the Emei Mountain forest has three suitable areas for T. sinensis (Figure 1b), meeting the
research needs, and (2) this forest is the closest to the research team’s base that meets the
research requirements.

2.6. Analysis of Significant Values

The value was based on the “Handbook of Forest Ecology” [44]. The relative frequency,
dominance, and density were relative frequency = (frequency of a certain species/total
frequency of all species) × 100; relative dominance = (basal area of a certain species/total
basal area of all species) × 100%; relative density = (number of plants per plant species/total
number of plants) × 100; and value (IV) = relative density + relative frequency + relative
dominance.

2.7. Diversity Analysis

Species diversity was analyzed using Simpson’s diversity index (D), the Shannon–
Wiener diversity index (H), and Pielou’s evenness index (EH). The calculation formulae are
as follows:

D = 1 −
s

∑
i=1

pi
2 (1)

H = −
s

∑
i=1

pi ln pi (2)

EH = H/ ln s (3)

where S is the number of species, Pi is the number of individuals belonging to species i as a
percentage of the total number of individuals, and s is the total number of individuals in
the sample [28].

3. Results
3.1. Evaluation of Model Accuracy

Ten models ran successfully, resulting in 100 model results. The ‘biomod_tuning’
function was used to optimize the model parameters, checking these parameters in each
iteration based on the selected method (ROC, Kappa, or TSS). The results show that RF is
the best model for predicting the potential spatial distribution of T. sinensis, with an average
Kappa coefficient of 0.98, average TSS of 0.99, and average ROC of 0.99 (Figure 2), followed
by GAM and GBM. ANN performed the worst of all models and did not pass the model
accuracy test. Based on the test results, the 21 best model results were selected to build the
ensemble model (with a Kappa coefficient of 0.88, TSS of 0.95, and ROC of 0.98).
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3.2. Potential Geographic Distribution of T. sinensis under Current Climatic Conditions

The ensemble model was used to simulate the potential geographical distribution area
of T. sinensis under modern climatic conditions (Figure 1b). The total suitable habitat area
for T. sinensis is 114.18 × 104 km2, mainly located in the eastern part of Southwest China,
Central China, and East China (Figure 1b, Table 1). The highly suitable habitat area for T.
sinensis is 20.44 × 104 km2, primarily located in the municipalities and regions bordering
Chongqing, Hubei, Hunan, and Guizhou provinces. Another portion was distributed in
narrow strips within Leshan and Yibin in Sichuan Province, with scattered distributions
in Zhejiang, Jiangxi, and Anhui provinces (Figure 1b, Table 1). The moderately suitable
habitat area for T. sinensis is 38.67 × 104 km2, partially patchy around the high habitability
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zone, with moderate suitability surrounding the highly suitable areas. Additionally, it is
block-shaped in Guizhou Province and sporadically distributed in central and southeastern
China (Figure 1b, Table 1).

Table 1. Changes in the distribution area of T. sinensis during different periods under different
scenarios (104 km2).

Period Climate Scenario Low
Habitability Zone

Moderately
Habitability Zone

Highly
Habitability Zone

The Total
Habitability Zone

Current 55.07 38.67 20.44 114.18

2041–2060
SSP126 46.19 16.96 5.84 68.99
SSP245 43.01 25.71 6.24 74.96
SSP585 44 19.09 5.39 68.48

2081–2100
SSP126 43.58 26.77 6.41 76.76
SSP245 40.49 12.68 3.23 56.4
SSP585 42.32 6.34 0.95 49.61

In summary, the high and moderately habitability zones of T. sinensis are distributed
in a patchy manner in our country’s central and southeastern regions, which is highly
consistent with its actual distribution, indicating that the simulation results of this study
are relatively accurate.

3.3. Predicting the Impact of Climate Change on the Potential Geographic Distribution
of T. sinensis

A set model forecasted the geographic distribution of T. sinensis in China for 2050 and
2090 under three emission scenarios (SSP1-2.6, SSP2-4.5, and SSP5-8.5), showing potential
distribution changes due to climate change (Figure 2). Table 1 reveals that the habitable
areas for T. sinensis in 2050 and 2090 have decreased compared to current conditions,
with a significant decline in highly suitable habitats under the SSP5-8.5 scenario, nearly
disappearing (Figure 2). Climate change is expected to downgrade much of T. sinensis’s
highly suitable habitat to medium, low, or unsuitable levels. Medium suitability areas will
also likely degrade to low or unsuitable, and many low suitability zones may disappear
(Figure 2).

3.4. Analysis of Ecological Niche Changes in Future Periods

The niche overlap of T. sinensis is shown in Figure 3. Under different climates in the
present and future, changes in climatic niches follow the same trend as climate change.
Compared to the SSP126 and SSP245 climates, the SSP585 climate had a greater migration
distance and lower migration distance. Under the 2090s-SSP585 climate, the niche of T.
sinensis shifted compared to the previous period. Future global climate change affects the T.
sinensis niche shift, and the declining niche overlap indicates that the niche of T. sinensis
has shifted during the future climate change process.

Principal component analysis (PCA) revealed that the first two principal components
account for 76.99%–80.77% of the variance in environmental factors (PC1: 56.56%–59.46%;
PC2: 20.43%–21.31%). The Mean Diurnal Range (Bio2), Max Temperature (Bio5), and Mean
Temperature of the Wettest Quarter (Bio8) are key factors influencing the ecological niche
of T. sinensis. The climatic niche center of T. sinensis will shift toward the Mean Diurnal
Range (Bio2) and Max Temperature (Bio5).
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3.5. Community Characteristics of T. sinensis under Different Habitability Zones

According to quadrat sampling [45], the vascular plant community associated with T.
sinensis is highly diverse. In suitable habitats, these communities included over 90 species
(Table 2). Among them, the moderate habitability zone hosts the most vascular plant
species, averaging 134 species, followed by the less habitability zone, with an average of
116 species, and the high habitability zone, with the fewest, averaging 98 species (Table 2).
Overall, the taxonomic composition of T. sinensis communities is rich, complex, diverse,
and well-suited for species survival under favorable natural conditions.

Table 2. Community characteristics of T. sinensis under different habitability zones.

Family Genus Species Relative
Significance

Relative
Density

Relative
Density

Significant
Value

Most suitable area 45 69 101 15.55% 23.00% 15.11% 53.66%
Most suitable area 49 67 90 15.70% 21.00% 13.11% 49.81%
Most suitable area 41 67 103 16.78% 22.95% 14.52% 54.25%

Marginally suitable area 57 81 125 11.95% 14.42% 11.76% 38.13%
Marginally suitable area 59 83 145 13.90% 16.58% 12.77% 43.25%
Marginally suitable area 58 80 133 8.25% 9.48% 10.77% 28.5%

Marginally unsuitable area 53 77 119 6.30% 7.25% 7.50% 21.05%
Marginally unsuitable area 55 80 122 4.39% 5.07% 5.03% 14.49%
Marginally unsuitable area 52 75 109 3.80% 4.50% 5.00% 13.30%

When the importance value is highest in a community, it indicates the dominant
species; when it exceeds 15%, it signifies subdominant species, and values between 5% and
15% denote associated species within that community [28]. Analysis of the importance
values of T. sinensis communities revealed that the highest values were found in highly
habitability zones, with an average of 52.57%. The moderate habitability zone had an aver-
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age importance value of 36.63%, while the less habitability zone had the lowest at 16.28%
(Table 2). This indicated that T. sinensis is a subdominant species within these communities.

Relative frequency indicates the evenness of the horizontal distribution of a species
within a community and reflects the stability and disturbance levels of the community [46].
Regarding the relative frequency of T. sinensis communities, it can be observed that at
all three suitability levels, the frequency grades of T. sinensis were lower than grade A
(Raunkiaer standard frequency grade), indicating that it is not a dominant species within
the community. Therefore, T. sinensis rarely occurs in a dense distribution. As T. sinensis
is a deciduous tree species, reaching heights of 8–15 m [27,30], it typically occupies the
uppermost vertical space in the community, significantly influencing the understory vege-
tation structure. Thus, although T. sinensis is not a dominant species in the community, it
generally acts as a co-dominant species. Regarding the relative significance and density of
T. sinensis communities, their values followed the same pattern as the relative frequency
values of T. sinensis.

Diversity primarily focuses on the number of species within a homogeneous habitat
and can effectively depict the composition and structure of a community. A single index
cannot reflect the true nature of a community. Therefore, using multiple indices to describe
communities of the same or similar type can more objectively reflect the development status
of communities. For the diversity indices of the T. sinensis community, the average Simpson
diversity index in the high-suitability zone was 0.62, the Shannon–Wiener diversity index
was 3.17, and Pielou’s evenness was 0.80 (Table 3). Table 3 shows an average Simpson
diversity index of 0.91, a Shannon–Wiener diversity index of 3.50, and Pielou’s evenness
of 0.81 in the medium-suitability zone. In the low-suitability zone, the average Simpson
diversity index was 0.87, the Shannon–Wiener diversity index was 3.62, and Pielou’s
evenness was 0.78 (Table 3). In summary, the T. sinensis community in the medium-
suitability zone was species-rich, with high stability and evenness.

Table 3. Species diversity indices of T. sinensis at different habitability zone levels.

Simpson’s Diversity Index Shannon–Wiener Diversity Index Pielou Uniformity

Plot 1 in the most suitable area 0.56 3.10 0.82
Plot 2 in the most suitable area 0.65 3.21 0.79
Plot 3 in the most suitable area 0.66 3.19 0.78

Plot 1 in the marginally suitable area 0.96 3.54 0.85
Plot 2 in the marginally suitable area 0.94 3.53 0.73
Plot 3 in the marginally suitable area 0.83 3.44 0.84

Plot 1 in the marginally unsuitable area 0.85 3.56 0.79
Plot 2 in the marginally unsuitable area 0.88 3.65 0.73
Plot 3 in the marginally unsuitable area 0.89 3.64 0.82

4. Discussion
4.1. Importance of Species Distribution Modeling

The effects of climate change may include species extinction, a reduction in species
diversity, and a fragilization of regional ecosystems. Some species may adapt by devel-
oping new physiological traits to cope with these effects [47,48]. In recent decades, the
importance of global climate and environmental change research has been increasingly
emphasized [49,50]. To mitigate the impacts of climate change on ecosystems, SDM was
conducted using appropriate scientific methods to identify regions where sensitive species
currently exist or may exist in the future, thereby effectively determining management
strategies [51,52].

4.2. Effect of Environmental Data and Species Distribution Records on Model Accuracy

SDM associates species distribution data with corresponding environmental variables,
such as climate, soil, vegetation, elevation, and host species. The relationship between
species’ geographic distribution and environmental variables is analyzed based on spe-
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cific algorithms, and species’ ecological niches in designated areas are estimated. The
probability of existence is quantified to reflect species’ habitat preferences and environ-
mental requirements. SDM predicts target species distribution and projects the results
into unknown geographic spaces using mathematical, statistical, or predictive models
to achieve potential species distribution forecasting. Model outputs can be interpreted
as the probability of species presence, population abundance, or habitat suitability for
species [53]. SDM has become an important research tool widely applied in archaeology, ba-
sic ecology, applied ecology, plant conservation, and biodiversity conservation, effectively
studying the relationship between species distribution and climate with notable success
and impact [54–57].

Simulated results depend highly on the quality of geographic distribution data and the
modeling and algorithms used [50,58]. SDM often performs worse with fewer samples [59].
First, the level of uncertainty associated with parameter estimation (e.g., mean, mode,
median, and probability of occurrence) decreases as the sample size increases [60]. When
the sample size is small, outliers have a higher weight in the analysis, which provides more
data to buffer their abnormal impact [61]. Additionally, since species’ ecological niches are
highly dimensional and complex, large sample sizes can accommodate a broader range
of development conditions [62]. Empirical studies have shown that species responses to
environmental gradients can be skewed or multimodal, and the interaction between envi-
ronmental variables is important in evaluating the species-environment relationship [63].
Large datasets can better capture complex relationships [64]. However, models that excel
with large samples may struggle with small ones, necessitating an examination of the
trade-offs between sample size and model complexity.

In this study, 241 valid records were used. The accuracy of the detection ensemble
model was assessed using ROC, TSS, and Kappa, all of which reached “excellent” levels
(Figure S2), and the potential of T. sinensis in China under climate change using the Biomod2
ensemble model was feasible and reliable. Based on field reviews (referencing several
relevant studies on T. sinensis in these regions), combined with herbarium specimen data
from the Chinese Virtual Herbarium (https://www.cvh.ac.cn, accessed on 17 March 2024)
and Plant Wisdom (https://www.iplant.cn, accessed on 17 March 2024) and the species
of T. sinensis on these platforms, it is confirmed that T. sinensis is in Sichuan, Chongqing,
Hubei, Hunan, and Guizhou, all of which are located within the predicted suitable area.
This further confirmed the results obtained for T. sinensis.

4.3. Impact of Climate Change on T. sinensis

Under three emission scenarios for 2050 and 2090, the potential geographic range
of T. sinensis is expected to decrease compared to current conditions. In particular, the
high-suitability areas exhibited a sharp declining trend. Research by Thomas et al. shows
that by 2050, 15%–37% of species in sampled areas could face extinction under a medium
emission scenario. While some species may benefit from climate warming, T. sinensis is
negatively affected, highlighting the dual impact of climate change on species distribution
and growth.

Regarding the niche shifts of T. sinensis, the niche dynamics revealed that the degree of
niche overlap for all pairwise comparisons between current and future scenarios decreased
with climate change intensity. The Mean Diurnal Range (Bio2), Max (Bio5), and Mean
of Wettest Quarter (Bio8) were the primary factors in the T. sinensis niche, with factors
affecting the growth of T. sinensis described in its seed dormancy strategy [65]. Studies on T.
sinensis indicate that its growth is primarily limited by rainfall, consistent with the present
study’s findings [66,67].

Based on Figure 3, it is evident that under the climate background of 2090s-SSP585,
there is a very significant shift in the ecological niche of T. sinensis compared to the previous
period; as shown in Figure 2 and Table 2, it can be observed that in the climate background
of 2090s-SSP585, the suitable habitat for T. sinensis has significantly decreased compared to
other periods and times, with the high suitability zone nearly disappearing. Therefore, it

https://www.cvh.ac.cn
https://www.iplant.cn
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can be seen that with further temperature rises, the ecological niche shift of T. sinensis will
be more significant, potentially leading to a further decrease in its population and even
extinction. Hence, the population of T. sinensis in this scenario requires priority attention
and protection.

Many studies have shown that most species migrate northward in the context of global
warming. For example, Bellard et al. simulated the potential geographic distribution of 100
of the world’s most invasive non-native species, and the results showed a general trend
of their potential geographic distribution expanding northward [4]. Thuiller et al. found
that most species migrate northward in the context of global warming, except for those
initially distributed in northern regions [68]. From the above research, it can be inferred
that the suitable habitats for many species will shift under climate change. Many other
scholars have also researched specific species, demonstrating that these species will migrate
northward in the context of climate warming. For instance, Zhao et al. used the MaxEnt
model to predict the response of suitable habitat for jujube to climate change in China, and
the simulation results showed that the centroid of the suitable habitat of jujube tended to
migrate to higher latitudes, with the habitability zone shifting to the North China Plain
and Northeast China Plain [69]. Gao et al. constructed an integrated model using 10 SDM
to simulate the potential distribution and niche of Larix gmelinii and found that as the
concentration of greenhouse gases increased, the changes in the suitable habitat area of L.
gmelinii occurred and manifested in the more pronounced impact of climate change on L.
gmelinii, with the continued warming of the climate causing the temperate forest vegetation
to migrate toward higher latitudes [70]. The changing trend in the future suitable habitat
of T. sinensis is consistent with the above studies. The shared socioeconomic pathways
(SSPs) proposed in the Sixth Assessment Report (AR6) of the Intergovernmental Panel on
Climate Change indicate that the range and magnitude of global warming will be more
pronounced and that temperature has an important influence on the growth of T. sinensis.
Under the SSP5-8.5 emission scenario, the increase in temperature caused by the increase
in emission concentration may lead to more significant changes in the suitable habitat of T.
sinensis, which may be the main reason for the maximum loss of its high-suitability area in
this scenario, as well as the reason for its largest niche shift. The impact of climate warming
on the potential geographic distribution of species is mainly manifested in the shift of
the potential geographic distribution area toward higher latitudes or higher altitudes, as
well as the expansion and contraction of the potential geographic distribution area. The
trend of the potentially suitable habitat of T. sinensis shifting toward higher latitudes and
northeastern regions in future climate change scenarios is consistent with this characteristic.

4.4. Reasons for Differences in Community Diversity of T. sinensis in Different Habitat Areas

In this study, the diversity of the T. sinensis community in the moderately suitable
habitat was significantly higher than that in the high and less habitable zone, with the
lowest diversity in the highly suitable habitat. This may be because the growth of T. sinensis
is excellent in highly suitable areas, where it absorbs more nutrients, blocks more light, and
intercepts more precipitation. The diversity of the T. sinensis community in the less suitable
habitat was slightly lower than in the moderately suitable habitat. The reason for the lower
latitude selected in this study is that although various environmental factors influence
changes in species diversity, studies have shown that species diversity generally decreases
with increasing latitude [71]. There are studies on the significant differences in plant species
diversity due to changes in latitude and elevation from regional to global scales. However,
the conclusions of these studies differ to some extent. Some studies have shown that
species diversity decreases with increasing latitude and elevation [72], while others have
shown that species diversity increases with increasing latitude and elevation or is higher at
medium latitudes and elevations [72]. The analysis of the species diversity of the T. sinensis
community in this study differs to some extent from these research conclusions, and the
reason for this may be the differences in the microclimate of T. sinensis forests with different
habitability zones, which affects the plant species composition of the community. Further
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in-depth exploration of the species diversity of T. sinensis communities with different
habitability zones will help us better understand and predict the species characteristics of
T. sinensis.

4.5. Conservation Strategies for T. sinensis Communities

T. sinensis, an endemic species in China and a relic species from the tertiary period,
has significant scientific and economic value and broad application prospects. It is an
excellent tree species for ecological restoration and native plant configuration. However,
the current T. sinensis population faces habitat fragmentation, slow regeneration, and lack
of heterogeneity, posing a risk of extinction and thus deserving of protection [73]. The main
conservation measures for T. sinensis include in situ and ex situ conservation.

(1) In situ conservation: T. sinensis is scattered throughout China’s subtropical moun-
tainous and tropical regions, with small population sizes. Understanding its population
distribution and survival status is inadequate, and anthropogenic disturbances have accel-
erated the reduction in the population size and individual numbers of T. sinensis. This study
was conducted in the forested area of Emeishan City, Sichuan Province, and it was found
that due to insufficient public awareness and weak conservation efforts, farmers often cut
down T. sinensis for firewood and charcoal in some mountain areas not yet designated as
protected areas. Considering the distribution characteristics of the T. sinensis population, it
is recommended to establish reserves or protected areas at confirmed T. sinensis distribution
points. Within the core protection area where T. sinensis communities are located in this
study, human disturbances are minimal, and hydrothermal conditions are suitable, making
it a favorable habitat for T. sinensis populations. However, T. sinensis in this area is relatively
small and does not dominate the community. Moreover, because the designated protection
area is large and encompasses many protected species, the survival status of each popula-
tion is yet to be fully understood, hindering the proposal of further conservation measures.
Therefore, it is recommended that additional protected areas for the T. sinensis populations
studied in this research be established and further monitoring and research based on this
foundation be conducted.

(2) Translocation conservation: T. sinensis, being shade-tolerant, requires minimal light
for 1–2-year-old seedlings, while 3–6-year-old saplings need increasing light and can only
survive on forest edges or clearings. It is difficult for them to regenerate naturally into
mature forests [74]. In the sample plots of T. sinensis in Guanshan, few young seedlings
were less competitive in natural forests. Introducing them for more comprehensive survival
is a suitable strategy. Using T. sinensis for roadside trees or fast-growing forest species
expansion is suitable for preserving genetic diversity.

Therefore, in situ analysis of T. sinensis is essential. The method of areas was adopted,
focusing on the T. sinensis habitat. Further research should be conducted in areas such as T.
sinensis ecology and genetic breeding. However, targeted T. sinensis in regions of China
should be used to leverage its timber value.

5. Conclusions

This study predicts the potential geographic distribution of T. sinensis in China. The
results are an essential first step for macro-level planning, crucial for the scientific manage-
ment of T. sinensis, and for providing the species’ habitability zones and breeding grounds.
The prediction results indicate that the current areas of high and moderate suitability for T.
sinensis are primarily located in regions such as Chongqing, Hubei, Hunan, and Guizhou.
In the context of global warming, the potential distribution area for T. sinensis will con-
tinue to decrease and migrate toward higher latitude regions. Its climatic ecological niche
will gradually shift accordingly. A comparative investigation of the characteristics of T.
sinensis found that T. sinensis communities in moderately suitable areas exhibit rich species
diversity and high stability and evenness, with significant differences in plant diversity
characteristics under varying habitability zones. Therefore, the Chinese government must
implement relevant policies to strengthen the conservation efforts for T. sinensis. Addition-
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ally, it is necessary to designate key protected areas based on the current distribution range
of high and moderate suitability to minimize the impact of human activities on T. sinensis
communities. However, expanding or contracting the research area may alter the range
of environmental factors limiting the growth of T. sinensis. Other environmental factors,
such as vegetation coverage, also influence the potential geographic distribution of plants.
Due to the inability to accurately predict future vegetation coverage in China, it has not
been included in predicting T. sinensis’s geographic distribution. This means that some of
the identified potential distribution areas may not be suitable for T. sinensis survival. Cli-
mate change indirectly affects plant populations and distribution characteristics by directly
impacting ecosystems. In addition to the significant influence of climate change on plants’
potential geographic distribution, several other factors, such as agricultural development,
rising tourism activities, hydropower development, and other industrial activities, will also
significantly impact the potential geographic distribution of plants. Therefore, practical
applications must consider local conditions.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/f15091677/s1: Figure S1: 1200 pseudo-existence data points for model simulation (blue
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Evaluation scores of the individual models used in the ensemble modeling; Figure S3: Response
curves of existence probability of Tapiscia sinensis for environmental variable; Figure S4: Contribu-
tion of environmental factors to the distribution of Tapiscia sinensis in different models; Figure S5:
Multifactorial ANOVA for community diversity indices in Tapiscia sinensis; Figure S6: Multifactorial
ANOVA of plant families, genera, and species in the Tapiscia sinensis community; Figure S7: Multifac-
tor ANOVA for relative significance, relative density, relative frequency, and importance values of
plants in the Tapiscia sinensis community; Table S1: Environmental factors used in the study; Table S2:
Environmental variables in model; Table S3: Plant similarities and differences among the nine sample
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the three-level habitat area.
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