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Abstract: Heptacodium miconioides is listed by the International Union for Conservation of Nature
(IUCN) as a rare and endangered plant which is being subjected to competition for environmental
resources by Fraxinus insularis. The impact of competing species on the dispersal of H. miconioides
across time and space is unclear, which hinders our ability to effectively protect rare and endangered
species. Therefore, in this study, we performed a spatial analysis of the interactions between H. mico-
nioides and F. insularis using the Maximum Entropy model (MaxEnt) coupled with the Spatio-temporal
Geographic Weighted Regression Model. The results show that: Among the 20 environmental factors
selected, Precipitation in Driest Quarter (Bio17) was the primary factor affecting H. miconioides and
F. insularis. An expansion of H. miconioides and F. insularis habitats will be seen in future environments
compared to current environments. Under the current climatic conditions, the ecological niche
overlap has a D value of 0.7261 and an I value of 0.9188, and the ecological niche overlap will increase
further in future environments. The distribution of F. insularis practically covered the area suitable for
H. miconioides, and the influence of F. insularis’s suitability index on H. miconioides gradually increased.
The region of negative impacts has changed, with distribution in the current environment in the
southern part of Shaanxi, eastern Sichuan, and northern part of Zhejiang, China, moving to the
southern part of Henan, and the junction between Zhejiang and Anhui in the 2050s. Sustainability is
one of the important goals in global development today, and the conservation of rare and endangered
plants is one of the most important elements of sustainable development. It is not only beneficial to
the survival and health of human beings, but also helps to promote the sustainable development of
ecologies, economies, and societies.

Keywords: competitiveness; fraxinus insularis; heptacodium miconioides; MaxEnt

1. Introduction

Plant interspecific interactions (competition or collaboration) have important impli-
cations for species composition and structure and the maintenance of their diversity in
ecosystems [1]. Competition is an important phenomenon in the growth process of ter-
restrial plants [2]; it is a dominant factor in the formation of a community’s structure,
and an important factor in determining the evolutionary pattern of species [3]. Environ-
mental changes and human activities can lead to a more hostile environment for plant
species to survive in [4–6]. For endangered plants, the spatial distribution of competing
species and the impact of environmental changes on their distribution patterns are directly
related to a plant population’s ability to reproduce [7]. Therefore, analyzing changes in
the geographic distribution patterns of endangered plants and their competing species
under current and future environmental patterns, and spatially exploring the impacts of
competing species on endangered plants, will contribute to the conservation and utilization
of endangered species.

The Species Distribution Model (SDM) is an important modeling tool based on the
ecological niche theory which is to predict the fitness zones of species under current
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or future climatic conditions based on the known distribution points of the species and
relevant environmental factors [8–10]. Among the models, the Maximum Entropy Model
(MaxEnt) is more widely used [11]. MaxEnt has the advantages of a low sample size
requirement [12], flexible variable handling [13], good noise reduction, and high budget
accuracy [14]. The Geographical and Temporally Weighted Regression (GTWR) model
intuitively detects the non-stationarity of spatial relationships [15], and takes geographic
location and time into account in the regression model to more accurately predict and
explain the relationships between variables [16–18].

Heptacodium miconioides is an endemic and endangered plant in China which is peren-
nially distributed in hilly and low mountainous areas, which are cool and foggy and have a
relative humidity that is often around 90% in summer; it is mainly found in southern China,
usually grows to maturity over spring and summer, can flower profusely, and reproduces
by seed. H. miconioides is listed as an endangered species (EN) by the World Conserva-
tion Union (IUCN) [19]. As an excellent ornamental tree, H. miconioides is scientifically
valuable for studying the phylogeny of the Caprifoliaceae Juss. Some scholars have found
that the main reasons for the endangerment of plant species are the negative effects of
competing species and environmental changes. The main competing species within the
vicinity of H. miconioides is the F. insularis [20,21]. Fraxinus insularis likes warm and humid
climates, is not strict on the soil requirements, although well-drained, humus-rich slopes
and woodlands are preferable; the range of F. insularis’ distribution is wide, and it basically
occupies the same areas as H. miconioides [22]. Previous studies have not explored the
distribution patterns of plants and competing species in large-scale spaces. Competing
species can inhibit H. miconioides’ growth space and resource utilization, leading to changes
in the spatial distribution pattern of the species; F. insularis may occupy more space in a
given area, while H. miconioides retreats to smaller areas. Species competition prevents us
from further improving the conservation of rare and endangered species. Based on this, in
our study, we applied MaxEnt to analyze the potential distribution areas of H. miconioides
and its competitor species under the current environmental model and their responses
to the future environmental model. The results obtained from the MaxEnt model were
also coupled with the GTWR model to explore the interactions between H. miconioides and
competing species in the current and future environments to better protect the survival
space of the rare and endangered species, H. miconioides.

2. Materials and Methods
2.1. ENMTools

ENMTools 1.0 is used for modeling ecological niches in the environment [23]. Addi-
tional support for model optimization is provided through the use of software packages
that enable the use of simplified interfaces for variable selection and visualization of corre-
lations between predicted values [24]. The ENMTools tool can automatically match the size
of the environmental factor raster used for the analysis, and can remove redundant data
within the same raster instead of removing the data based on the distance method; this is
fast and efficient, and the results of the analysis are more reasonable [25].

2.2. Species Distribution Data Sources and Processing

Species distribution data were obtained from GBIF (https://www.gbif.org/ (accessed
on 30 November 2023)), the Chinese Plant Image Library (http://ppbc.iplant.cn/ (accessed
on 30 November 2023)), and the records of plant coordinates for each location [26]. To
prevent duplicated data in the same raster, this study eliminated the duplicated data within
the highest resolution of a single raster with ENMTools, ensuring that there was only one
distribution coordinate point within every 5 km, and finally obtained 45 data points for
H. miconioides and 119 data points for F. insularis species (Figure 1).

https://www.gbif.org/
http://ppbc.iplant.cn/
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Figure 1. Locations from occurrence records of H. miconioides and F. insularis in China.

2.3. Environmental Data and Processing

Bioclimatic variables downloaded from the WorldClimate WorldClim 2.0 database
(http://www.worldclim.org/ (accessed on 30 November 2023)) were used to model pre-
dicted species distributions [27]. These variables include current climate data (1990–2020)
and future climate data (2041–2060) at a resolution of 2.5 min, which includes four emission
models (Table 1). Slope and aspect data derived from elevation data (from the Geospa-
tial Data Cloud https://www.gscloud.cn/ (accessed on 30 November 2023)) were then
extracted using ArcGIS 10.5 software. Land-Use and Land-Cover Change (LUCC) were
obtained from the Ministry of Natural Resources (http://wwww.ngcc.cn (accessed on
30 November 2023)) and Normalized Difference Vegetation Index (NDVI) data were down-
loaded from the Resource and Environmental Science Data Center of the Chinese Academy
of Sciences (http://www.resdc.cn (accessed on 30 November 2023)). These environmental
variables play an increasingly important role in predicting climate change and related
research, and in supporting climate policy decisions. Bivariate correlation analyses were
performed using SPSS on environmental variables grouped together. If two variables
|r| ≥ 0.85 were considered to be significantly correlated [28], 1 variable with relatively
low biological significance was excluded to reduce model overfitting (Figure 2), and finally,
12 bioclimatic factors, 3 terrain factors, and 5 other environmental factors were selected
(Table 2).

Table 1. Four emission scenarios.

Emission Description

SSP1–2.6 SSP1 (Low forcing scenario) Upgrade to RCP2.6 scenario based on
(Radiative forcing reaches 2.6 W/m2 in 2100)

SSP2–4.5 SSP2 (Medium forcing scenario) Upgrade to RCP4.5 scenario based on
(Radia-tive forcing reaches 4.5 W/m2 in 2100)

SSP3–7.0 SSP3 (Medium forcing scenario) New RCP7.0 emission path based on
(Radia-tive forcing will reach 7.0 W/m2 in 2100)

SSP5–8.5
SSP5 (High Forcing Scenario) Upgrade to RCP8.5 scenario based on
(SSP5 is the only SSP scenario that can achieve radiative forcing to 8.5
W/m2 in 2100)

http://www.worldclim.org/
https://www.gscloud.cn/
http://wwww.ngcc.cn
http://www.resdc.cn
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Figure 2. Heat map of environmental variable correlations.

Table 2. Environmental data used in the research.

Code Description

Bio1 Annual Mean Temperature (◦C)
Bio2 Mean Diurnal Range (Mean of monthly (max temp–min temp)) (◦C)
Bio3 Isothermality (BIO2/BIO7) (×100)
Bio4 Temperature Seasonality (standard deviation × 100)
Bio7 Temperature Annual Range (◦C)
Bio8 Mean Temperature in Wettest Quarter (◦C)
Bio9 Mean Temperature in Driest Quarter (°C)
Bio12 Annual Precipitation (mm)
Bio13 Precipitation in Wettest Month (mm)
Bio15 Precipitation Seasonality (Coefficient of Variation)
Bio17 Precipitation in Driest Quarter (mm)
Bio19 Precipitation in Coldest Quarter (mm)
Wind Wind speed (m·s−1)
Vapr Water vapor pressure (kPa)
Srad Solar radiation (kJ·m−2·day−1)
Elev Elevation (m)
Slo Slope (◦)
Asp Aspect
Lucc Land-Use and Land-Cover Change
Ndvi Normalized Difference Vegetation Index

2.4. MaxEnt Modeling

The two most important parameters in MaxEnt are feature combination (FC) and
regularization multiplier (RM), the optimal selection of which helps to significantly improve
the prediction accuracy of the model. Among them, FC has five selectable options, namely
linear (linear, L), quadratic (quadratic, Q), product (product, P), threshold (threshold,
T), and fragmentation (hinge, H), which can produce 31 different combinations; the RM
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parameter is generally set to less than 4, and 1 is used for every interval of 0.1 from 0.1 to
4 RM, with a total of 40 RM values used. The principle of this model is to use the actual
geographic distribution points of species and environmental variables to construct a fitness
zone model to project the ecological needs of species and simulate the potential distribution
of species [29,30]. The obtained distribution point coordinates and environmental variables
of H. miconioides and F. insularis were imported into the MaxEnt model; 75% of the randomly
selected distribution points were used for model construction, and the remaining 25% of
the distribution points were used for model validation and testing with 500 iterations, and
the other parameters were set to the default values [31]. The area of the Receiver Operating
Characteristic Curve (ROC) (AUC value) assesses the accuracy of the simulation results [32].
When the AUC value is 0.7 to 0.8 it indicates average model accuracy, 0.8 to 0.9 is good, and
an AUC value higher than 0.9 indicates excellent model accuracy [33]. The AUC values for
F. insularis and H. miconioides were greater than 0.9, 0.949, and 0.980 (Figure 3), respectively,
indicating that the predictions of the MaxEnt model were accurate and highly predictable.
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2.5. Ecological Niche Overlap and Geographic Distribution Overlap Analysis

Ecological niche overlap refers to the similarities and competition between different
species in the utilization of environmental resources, while geographic distribution overlap
indicates the overlap of geographic distribution areas of different species [34]. Based on the
results of the MaxEnt model, we analyzed the ecotope overlap and geographic distribution
overlap of H. miconioides and F. insularis by using niche overlap and range overlap in
ENMTools software. Ecological niche overlap was expressed by Schoener’s D (D) and
Hellinger’s-based I (I) [35]:

D
(
Px, Py

)
= 1 − 1

2 ∑i

∣∣Px,i − Py,i
∣∣ (1)

I
(
Px, Py

)
= 1 − 1

2

√
∑i

∣∣Px,i − Py,i
∣∣ (2)

where Px,i and Py,i represent the number of resources i utilized in species x and species y,
respectively. D and I lie between 0 and 1, and the larger the value, the higher the degree of
ecological niche overlap.

2.6. GTWR Model

The basic principle of geo-temporally weighted regression is to adjust the weights
of each sample in the regression model by introducing weighting terms for geographic
location and time factors [36]. In traditional regression analysis, individual samples are
weighted equally. However, the Spatio-Temporal Geographic Weighted Regression Model
gives more weight to samples that are close in distance or time by considering the effects of
geographic location and time, thus better reflecting the actual situation [37]. The advantage
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of this model is that it can reflect the differences between different points in the region
and can obtain more reasonable regression coefficients in different regions [38]. The basic
formula is as follows:

Yi = φ0(ui, vi, zi) + ∑m
j=1 φj(ui, vi, zi)Xij + δi (3)

where Yi is the explanatory variable for i study area, Xij is the j explanatory variable for the i
study area, (ui,vi) is the latitude and longitude coordinates of the i study area, φ0(ui,vi,zi) is
the intercept, and φj(ui,vi,zi) is the j explanatory variable for the i study area. The regression
coefficient of φ > 0 is the positive effect of the explanatory variable on the explanatory
variables and vice versa.

3. Results
3.1. Environmental Characteristics of Suitable Areas

The environmental factors with the deepest influence on the potential areas of dis-
tribution for the two plants in order of contribution were (Figure 4), for H. miconioides:
Precipitation in Driest Quarter (52.8%), Temperature Seasonality (13.1%), Water vapor
pressure (10.4%), Mean Temperature in Driest Quarter (3.5%); the cumulative contribution
of the four environmental factors is 79.8% (Table 3). It can be seen that the above four
environmental factors are the dominant environmental factors affecting the potential distri-
bution area of H. miconioides. For F. insularis, the most influential factors were: Precipitation
in Driest Quarter (49.8%), Water vapor pressure (23.9%), Temperature Seasonality (4.4%),
Annual Precipitation (3.6%). The cumulative contribution of the four environmental factors
amounted to 81.7%, with the precipitation factor having the greatest effect on F. insularis. In
this paper, we set the threshold to 0.5 based on our previous research and the principles of
the MaxEnt modeling [39], and when the probability of these variables is greater than 0.5,
the corresponding environmental variables are suitable for growth. When the Precipitation
in Driest Quarter (Bio17) is greater than 90 mm, Temperature Seasonality (Bio4) is in the
range of 775~900, Water Vapor Pressure (Vapr) is in the range of 0.5~0.6 kpa, and the Mean
Temperature in Driest Quarter (Bio17) is lower than 7.7 mm, the environment is conducive
to the survival of H. miconioides. When the Precipitation in Driest Quarter (Bio17) is greater
than 105 mm in the driest season, Water Vapor Pressure (Vapr) is 0.5–0.8 kPa, Temperature
Seasonality (Bio4) ranges from 484 to 1067, and Annual Precipitation (Bio12) ranges from
1052 to 2152 mm, the environment favors the survival of F. insularis (Figure 5).

Sustainability 2024, 16, x FOR PEER REVIEW 7 of 17 
 

Mean Temperature of Driest Quarter 3.5% 

F. insularis 

Precipitation of Driest Quarter  49.8% 
Water vapor pressure  23.9% 

Temperature Seasonality  4.4% 
Annual Precipitation  3.6% 

 
Figure 4. The jackknife test results for environmental factors affecting Heptacodium miconioides (A) 
and Fraxinus insularis (B) (ALL stands for all variables gain). 

Figure 4. Cont.



Sustainability 2024, 16, 752 7 of 16

Sustainability 2024, 16, x FOR PEER REVIEW 7 of 17 
 

Mean Temperature of Driest Quarter 3.5% 

F. insularis 

Precipitation of Driest Quarter  49.8% 
Water vapor pressure  23.9% 

Temperature Seasonality  4.4% 
Annual Precipitation  3.6% 

 
Figure 4. The jackknife test results for environmental factors affecting Heptacodium miconioides (A) 
and Fraxinus insularis (B) (ALL stands for all variables gain). 
Figure 4. The jackknife test results for environmental factors affecting Heptacodium miconioides (A) and
Fraxinus insularis (B) (ALL stands for all variables gain).

Table 3. Contribution rate of main environmental impact factors (Selected in the table are the top
four contributing environmental variables).

Species Environmental Factors Contribution Rate

H. miconioides

Precipitation of Driest Quarter 52.8%
Temperature Seasonality 13.1%

Water Vapor Pressure 10.4%
Mean Temperature of Driest Quarter 3.5%

F. insularis

Precipitation of Driest Quarter 49.8%
Water vapor pressure 23.9%

Temperature Seasonality 4.4%
Annual Precipitation 3.6%

1 

 

 Figure 5. Response curves for the probability of the presence of variables affecting H. miconioides (A)
and F. insularis (B).
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3.2. Analysis of the Distribution Pattern of H. miconioides and F. insularis under Current
Environmental Patterns

Our calculation is based on the method of classifying the fitness classes, which can be
obtained by reclassifying according to the thresholds set for the: non-viable zone (p < 0.08),
low viable zone (0.08 ≤ p < 0.35), moderate viable zone (0.35 ≤ p < 0.65), and high viable
zone (p ≥ 0.65) [40]. At the present stage, the main areas suitable for H. miconioides were
in southeastern China (Figure 6A), with a total suitable area of (440.75~590.49) 104 km2

(Table 4) under the four models, of which an area of (61.91~155.91) 104 km2 was highly
suitable. H. miconioides was mainly found in the southern part of the Henan Province,
central Anhui Province, central Zhejiang Province, etc., with a small portion in Hunan,
Hubei, and other provinces in China. The MaxEnt model simulation revealed that, under
the current climate model, the main area suitable for F. insularis in China is between
23◦~32◦ N, 106◦~121◦ E (Figure 6B), with a total suitable area of (631.19~692.26) 104 km2,
of which a highly suitable area of (171.54~222.15) 104 km2 is mainly located in the Sichuan
Province, Hunan Province, Zhejiang Province, Fujian Province, and other areas.
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in China.

Table 4. Potential distribution areas of Heptacodium miconioides R. (A) and Fraxinus insularis H. (B)
under current climate conditions (×104 km2).

Species SSP1–2.6 SSP2–4.5 SSP3–7.0 SSP5–8.5

Unsuitable area
A 462.05 428.26 369.51 519.26
B 283.01 290.31 267.74 328.81

Poorly suitable area A 240.96 239.14 236.06 242.41
B 262.17 228.09 234.05 224.74

Moderately suitable area A 161.66 180.09 198.52 136.42
B 230.31 239.81 236.06 234.91

Highly suitable area A 95.33 112.51 155.91 61.91
B 184.51 201.79 222.15 171.54

3.3. Habitat Changes under Future Environmental Models

Under the future climate scenarios, the distribution of suitable habitats for both
species increased to different degrees (Table 5), and the total suitable area for H. miconioides
under the four models was (582.63–601.79) 104 km2, of which the highly suitable area was
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(131.33–180.68) 104 km2. The total suitable area for F. insularis was (660.29~704.26) 104 km2,
of which the highly suitable area was (224.84~281.18) 104 km2 (Figure 7). However, the
trends of the changes in the spatial distribution pattern of suitable habitats for the different
species still showed a large degree of variability. The ratio of future growth areas to total
areas for H. miconioides is much greater than that for F. insularis (Figure 8). It is likely that
environmental factors such as precipitation will be more favorable to Hepatica under future
environmental conditions. H. miconioides is mainly expanding in Hunan, Hubei, Guizhou,
and Chongqing in China, with an overall bias toward lower latitudes. The expansion area
of F. insularis is mainly located in the southern regions of Guangdong and Fujian, China,
with less latitudinal variation in the overall distribution area.
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Table 5. Potential distribution areas of Heptacodium miconioides (A) and Fraxinus insularis (B) under
2050s climate scenarios (×104 km2).

Species SSP1–2.6 SSP2–4.5 SSP3–7.0 SSP5–8.5

Unsuitable area
A 377.37 389.85 362.11 458.21
B 262.65 270.33 255.74 299.71

Poorly suitable area A 218.97 223.58 216.09 335.39
B 244.89 244.89 239.81 215.42

Moderately suitable area A 196.32 211.98 201.12 135.07
B 186.55 195.47 183.27 220.03

Highly suitable area A 167.34 134.59 180.68 131.33
B 266.01 249.31 281.18 224.84

3.4. Ecological Niche and Geographic Distribution Analysis

Ecological niche overlap is the phenomenon of two or more species with similar
ecological niches sharing or competing for common resources when they live in the same
space [41]. In most cases, however, only partial overlap between ecological niches occurs,
one part of the resource is co-utilized, while other parts are occupied individually [42].
Based on the predicted results from the ecological niche model, the ecological niche overlap
and geographic distribution overlap of H. miconioides and F. insularis, respectively, were
calculated to better analyze the competitive relationship between them. The higher the
degree of ecological niche overlap, the more resource utilization is contested between the
two species, leading to increased competition. When the geographic distribution threshold
is taken as 0.6, the center of the distribution of H. miconioides will migrate southward in the
future, while the center of the distribution of F. insularis will remain unchanged, and the
competitive relationship between the two will remain strong; in the current environment,
the ecological niche overlap between the two is 0.7261 for D and 0.9188 for I. The larger
the overlap value, the more serious the competition between the two for local resources.
In the future environment, the D and I values were 0.8048 and 0.9551, and the ecological
niche overlap increased further; for H. miconioides, F. insularis is also an important factor
affecting its survival. In addition, the current and future geographic overlap between the
two was average, 0.5351 and 0.6209, respectively (Table 6). In the study, the ecological
niche overlap and geographic distribution overlap of the two species increased further in
the 2050s, which would affect the survival of H. miconioides. The area of spatial overlap
between the two is mainly concentrated in southeastern China, and spatially, it can also
be seen that F. insularis covers the area which is habitable by H. miconioides (Figure 9). It
has been suggested that a nature reserve could be established to separately demarcate a
suitable growing area for H. miconioides.

Table 6. Niche overlap and range overlap between H. miconioides and F. insularis.

Time
Niche Overlap

Range Overlap
D I

Current 0.7261 0.9188 0.5351
2050s 0.8048 0.9551 0.6209

3.5. Temporal and Spatial Effects of F. insularis Wood on H. miconioides

Environmental changes and human activities are continuously affecting the spatial pat-
terns of plant species, and the study of their spatial characteristics and driving mechanisms
can better protect the survival of endangered plants [43]. We used the GTWR model with
the H. miconioides fitness zone index as the dependent variable and the F. insularis fitness
zone index as the independent variable. Before running the GTWR model, all the variables
need to be standardized to avoid the overfitting phenomenon; the R2 and the corrected
R2 are higher than 0.932, which shows that the GTWR regression model can explain the
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effect of the independent variables on the dependent variable to a high degree. There was
spatial differentiation in the influence of the fitness index of F. insularis on H. miconioides at
different times (Figure 10). Specifically, the overall influence of the F. insularis biodiversity
index on H. miconioides has increased, but the range of the negative high-value areas has
changed, and the negative high-value areas which were distributed in the southern part
of Shaanxi, the eastern part of Sichuan, and the northern part of Zhejiang in the current
environment, moved to the southern part of Henan and the junction between Zhejiang and
Anhui in the 2050s; additionally, there was no high-value area in the positive direction, and
the low-value area gradually moved to the western part of China.
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4. Discussion

The MaxEnt model’s prediction accuracy is mainly determined by a combination of
species distribution data and environmental factors involved in model construction [44].
Since H. miconioides mainly grows on cliffs ranging from 600 to 1000 m, not only were
factors such as temperature and precipitation taken into account, but three topographic
factors were also selected. It can be seen that the environmental factors selected for this
study have a strong coupling with the species’ distribution points and could be better
applied in a habitat suitability study of the two species.

According to the results for the contribution rate of the evaluation factors, the main
factors affecting the living environment of H. miconioides and F. insularis are temperature and
precipitation. The study by Rawat et al. [45] similarly found that the environmental factors
most affecting endangered species in hilly terrain are temperature and precipitation, which
is in agreement with the present study. The distribution of H. miconioides and F. insularis
is more dependent on precipitation than factors such as temperature and topography.
Precipitation in Driest Quarter (Bio17), a factor contributing up to 52.8% and 49.8%, was
the most critical factor influencing the distribution of the fitness zones of H. miconioides
and F. insularis. This is in line with Yi’s study [46], which examined the environmental
influences on the endangered plant Homonoia riparia in southern China and found that
the amount of Precipitation in Driest Quarter (Bio17) was likewise the most critical factor
affecting the plant species. When the Precipitation in Driest Quarter (Bio17) exceeded
90 mm, the probability of fitness for H. miconioides increased with the increase in rainfall,
and after exceeding 150 mm, the probability of fitness was practically unchanged, which
is consistent with the characteristics of H. miconioides as it prefers wet climate in the dry
period and is intolerant to flooding. The impact factor curve for F. insularis is similar to that
of H. miconioides, and again Precipitation in Driest Quarter (Bio17) shows a decrease in the
probability of fitness when it reaches 150 mm.

The present and future suitable areas are distributed in the subtropical climate zone
within the range of 20◦~40◦ N in China, and generally, the lower the latitude, the higher
the temperature [47].

The prediction results from this study showed that the area which was suitable for
H. miconioides was much smaller than that for F. insularis, and the distribution area of
F. insularis was wide, but the highly suitable area was mainly concentrated in 25◦~30◦ N,
which indicated that the latitude might have some limiting effect on the distribution of F.
insularis. Under the 2050 (2040–2060) climate, the potential areas that H. miconioides and
F. insularis inhabit would expand, but human impacts on the habitats of both could not
be ruled out. Under the future environmental change, the average annual precipitation in
China will increase by 0 to 20%, especially in southwest and south China, and the surface
temperature in China will increase by 2.7 to 2.9 ◦C [48]. The area of H. miconioides expansion
has shifted significantly towards the west, which may be related to precipitation [49]. In
contrast, the lower expansion of F. insularis is most likely related to local socioeconomic
development [50]. Yang et al. [51] have studied Magnolia wilsonii, an endangered tree native
to China. It has severely declined and become critically endangered in the last few years
due to habitat loss and fragmentation. The future environment will be equally favorable
for Magnolia wilsonii. The study by Huang et al. [52] Found, that for tall tree species, the
future environment will be suitable for their survival and show a trend of expansion in
suitable growth areas. These findings are also consistent with the results of this study.

The ecological niche overlap usually reflects the phenomenon that two or more species
with similar ecological niches share or competition for common resources when they live
in the same space [53]. Due to limited habitat resources, there may be an ecological niche
overlap between species in the same geographical area, leading to increased competition
among species [54]. The finite nature of resources and the non-isolated existence of individ-
ual organisms make competition an inherent part of biology that cannot be eliminated [55].
What should be of concern is not whether competition occurs or not, but rather how the
different outcomes of the competition will affect the ecosystem as a whole, and in particular,
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the impact on species’ coexistence [56]. Mario et al. [57] concluded that the higher the
value of ecological niche overlap between plant species and the stronger the response to
the same environmental factors, the more intense the competition between species will be.
Kermavnar et al. found that the greater the ecological niche overlap, the more intense the
interspecific competition in types of forest vegetation [58]. As an endemic and endangered
plant in China, the H. miconioides’ survival environment is severe, and in addition to the in-
fluence of environmental factors and anthropogenic activities, the influence of competition
within its geographical distribution should also be considered [59,60].

The spatial distribution of the fitness Index of F. insularis, the main competitive species
of H. miconioides, was highly and negatively correlated with H. miconioides. It was found
that the negative effect of F. insulari’ fitness index on H. miconioides gradually increased,
and the area of influence was gradually shifted to the east, and the shift in the area of
competition was mostly caused by environmental and anthropogenic disturbances [61].
Future environments will result in an eastward shift in F. insularis’ habitat and a westward
shift oinf H. miconioides’ habitat, thus slowing the pressure on western H. miconioides’
survival. In the Çoban study [62], a model of the current and potential future distribution
of Quercus libani Olivier, a tree species in Turkey, was created to predict changes in its
geographical distribution under different climate change scenarios, Quercus libani Olivier
will also migrate westward in the future. For plant interspecific competitive relationships,
Ma et al. [63]. argued that competitive suppression in plants leads to the severe impairment
of nutritional and reproductive growth in vulnerable species and a significant reduction
in their survival. Forest management practices can have a significant impact on woody
plants in forests, and over-harvesting has led to the destruction of forest habitats, thus
causing damage to the balance of forest ecosystems [64,65]. Environmental changes will
lead to an expansion in the growing ranges of H. miconioides and F. insularis, which will
cause an increase in the ecological niche overlap, and competition is likewise likely to be
more intense. For other competing species, competition may become more intense under
future environmental conditions. Through our research, we found that the future survival
of Hepatica is also not optimistic. Therefore, we suggest 1. establishing nature reserves
2. promoting ecological restoration and habitat protection, and 3. conducting scientific
research and monitoring.

5. Conclusions

In this study, temperature and precipitation were found to be the main environmental
factors affecting H. miconioides and F. insularis, with the key environmental factor being Pre-
cipitation in Driest Quarter (Bio17). The current and future suitable growing environments
of H. miconioides and F. insularis are both located in the southern part of China, and the
suitable areas for both will increase in future environments. The growth area of F. insularis
practically covers the survival space of H. miconioides, and their ecological niche overlap
and geographic distribution overlap are at a high degree in the present and the future,
with significant competition, and in the future, F. insularis will further affect the survival of
H. miconioides in time and space, but the area of influence will be shifted. The future is grim
for the endangered species H. miconioides, and although environmental conditions will be
more suitable for H. miconioides in the future, the impacts of competing species and human
activities cannot be ignored. Research work on H. miconioides is important because: 1. It
can promote the sustainable development of the ecological environment and strengthen
the protection and restoration of theecological environmental. 2. It also helps to promote
the sustainable development of the economy; H. miconioides are not only conducive to the
maintenance of the ecological balance, but also an important ornamental plant. 3. The
protection of rare and endangered plants also contributes to the sustainable development of
society. The protection of rare and endangered plants requires extensive social participation
and support, which can enhance public awareness of protection and social participation
and promote the harmonious development of society.
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