Pol. J. Environ. Stud. Vol. 31, No. 4 (2022), 3597-3609
DOL: 10.15244/pjoes/146936 ONLINE PUBLICATION DATE: 2022-05-05

Original Research
Prediction of Potential Geographic Distribution
of Endangered Relict Tree Species
Dipteronia sinensis in China Based
on MaxEnt and GIS

Yi Huang', Yan Zeng?, Pan Jiang®, Hao Chen', Jingtian Yang'*

"Ecological Security and Protection Key Laboratory of Sichuan Province, Mianyang Normal University,
Mianyang 621000, Sichuan, China
2Sichuan Academy of Environmental policy and planning, Chengdu 610093, Sichuan, China
3School of Economics and Management, Southwest University of Science and Technology,
Mianyang 621010, Sichuan, China

Received: 2 November 2021
Accepted: 24 February 2022

Abstract

Dipteronia sinensis is an endangered relict tree species in the endemic north temperate flora of
China, which has important reference values for studying paleoclimate and species variation as well
as geographic zonation changes. Based on 96 occurrence points of D. sinensis and 9 environmental
factors, the potential geographic distribution of D. sinensis in China under climate change was predicted
using MaxEnt model and ArcGIS software, the Jackknife test was used to assess the important
factors governing its potential geographic distribution. In addition, response curves were selected to
determine the suitable values of environmental factors and further quantitatively predicted the potential
geographic distribution of D. sinensis under the climate changet. The results showed that: (1) the
prediction accuracy of the MaxEnt model was extremely high, with an area under receiver operating
characteristic curve (AUC training value) of 0.959. The potential suitable habitat area of D. sinensis
under current climate condition was 103.9 x 10* km?, mainly located in the central and northwestern
regions of China; (2) the main environmental factors affecting the potential geographic distribution of
D. sinensis were the temperature factor (min temperature of coldest month) and the precipitation factor
(annual precipitation); (3) the area of low, high and total suitable habitats showed a decreasing trend
under SSP1-2.6 and SSP5-8.5 scenarios in 2070s, and the area of moderately suitable habitats showed an
increasing trend under the three scenarios in 2050s and 2070s, and the center of gravity of the potential
suitable habitats of D. sinensis would shift to the northwest. Our results can provide a theoretical basis

for the scientific management and resource conservation of D. sinensis.
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Introduction

Among the top ten global environmental issues,
climate change has been ranked as the top one and
has received increasing attention [1, 2]. The responses
and feedbacks generated by terrestrial ecosystems in
the context of global climate change have become one
of the core research areas and priority issues [3, 4].
Global climate change has already had a significant
impact on the ecological characteristics and geographic
distribution patterns of species, which will increase in
the coming period [5], including global biodiversity,
spatial structure of species distribution, intraspecific
and interspecific relationships, etc. [6, 7]. The Sixth
Assessment Report of the Intergovernmental Panel on
Climate Change (IPCC) states that the current global
average temperature has increased by 1°C compared
to pre-industrial periods, and it is likely to increase
by 0.3-0.7°C in 2020-2040 compared to current [8].
Related studies suggest that as the concentration of
greenhouse gas emissions increases, it may lead to a
sustained increase in precipitation [9, 10]. Changes in
the spatial and temporal patterns of climate may lead
to changes in the geographic distribution patterns of
rare and endangered species, making their original
habitats threatened [11, 12]. Systematically exploring
the geographic distribution patterns of rare and
endangered species in the context of climate change can
effectively protect the habitats and ecosystems of rare
and endangered species in their originality.

Species distribution models (SDMs) have been
widely used in individual ecological studies and to study
the effects of climate change on the potential geographic
distribution of species. SDMs are increasingly playing
an important role in inferring the potential geographic
distribution of species using changes in environmental
factors, and have been widely used to simulate the
potential geographic distribution of rare and endangered
species [13, 14] in recent years [15, 16]. MaxEnt, also
known as the maximum entropy model, is an ecological
niche model based on the theory of maximum entropy
constructed by Phillips et al [17]. MaxEnt model is
less influenced by the number of species distribution
points and the correlation of environmental factors, and
still has strong prediction ability even if the species
distribution data is incomplete [18, 19]. However,
MaxEnt only considers the effect of abiotic factors
without biological factors, and its simulation shows only
the greatest possibility distribution of species [20, 21]. In
recent years, MaxEnt has been expanded to include not
only ecological degradation processes such as invasive
species and Ecological damage [22-25], but also the
prediction of potential risk areas for pests, diseases
and epidemics [24, 26, 27], and the study of potential
suitable habitats for rare and endangered species has
gradually become a hot spot [28, 29]. In the study of rare
and endangered species, researchers can identify sites
with high ecological stability based on the prediction
results, infer the potential geographic distribution,

and clarify their potential suitable habitats of different
classes. MaxEnt is widely used to predict the impact
of climate change on rare and endangered species in a
simple and effective way, thus enabling scientists and
policy makers to propose corresponding strategies and
establish effective conservation mechanisms.
Dipteronia  sinensis  belongs to  Dipteronia
Aceraceae, which is a rare and endangered plant in
China, and is one of the relict tree species in the endemic
genera of China and the north temperate flora [30]. It is
of great importance to study the origin and evolution
of certain taxa in the context of climate change, and to
study the flora and geographical distribution [31]. Most
studies on D. sinensis have focused on morphological
development [32], phylogeographic classification [33]
and genetic diversity [34]. There are few reports on the
distribution pattern and potential suitable habitats of
D. sinensis. In this study, we used the MaxEnt model
and the spatial analysis technique of ArcGIS software
to simulate the potential geographic distribution of
D. sinensis under current climate condition and to study
the relationship between D. sinensis and climate, to
predict the changes of potential geographic distribution
under future climate change scenarios, and clarify its
ecological needs in different regions of China, so as
to provide a theoretical basis for its conservation, and
also to provide a reference for the conservation and
restoration of rare and endangered plants in China.

Materials and Methods
Species Data Sources

In this study, by visiting the National Plant Specimen
Resource center (NPSRC, http:/www.cvh.ac.cn/) and
other related websites, the geographic coordinates of
D. sinensis were screened and confirmed. Records
with insufficiently specific descriptions and repeated
distributions were removed. A buffer zone of 5 km
radius was established around each distribution point
according to the resolution of environmental variables
using the buffer zone tool in ArcGIS 10.2, and only
one point was retained. Finally, 96 distribution points
of D. sinensis were collected (Fig. 1). All records were
imported into Microsoft Excel and saved as “CSV”
format.

Environmental Factors Data

By accessing the Worldclim Database (http:/
www.world-clim.org/), 19 bioclimatic factors with
the coordinate system WGS84 and raster size of
2.5" were obtained. The database collects detailed
meteorological information recorded by meteorological
stations around the world from 1970 to 2000.
BCC- CSM2-MR climate system model which involved
three emission scenarios (SSP5-8.5, SSP2-4.5 and
SSP1-2.6) was obtained as the future climate data.
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Fig. 1. Spatial Distribution of the sample sites of D. sinensis in China.

SSPs scenarios are more scientifically descriptive of
future climate change projections than the scenarios
used in previous studies [35, 36]. In order to avoid
correlation between environmental variables, a
correlation analysis is required. First, all environmental
factors were imported into the MaxEnt model for 3
operations, and the factors with contribution rate of
0 were deleted. Second, the retained environmental
factors were selected for Spearman correlation analysis,
and when the correlation coefficient of 2 factors was
>0.8, the one with higher contribution rate was retained
[37]. Finally, 9 environmental factors were retained
(Table 1).

The 1:16 million China administrative division map
was obtained from the Ministry of Natural Resources of
the People’s Republic of China (http:/bzdt.ch.mnr.gov.
cn/index.html). MaxEnt V3.4.1 was downloaded from
the website (http:/biodiversityinformatics.amnh.org/

Table 1. Environmental variables in MaxEnt model.

Index Description
Bio3 Isothermality (Bio2/Bio7x100)
Bio4 Standard deviation of temperature seasonality
Bio6 Min temperature of coldest month
Bio8 Mean temperature of wettest quarter
Biol2 Annual precipitation

Biol5 Coefficient of Variatior} of precipitation

seasonality
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open source/MaxEnt/). The version of ArcGIS software
used in this paper was 10.2.

MaxEnt Model Parameters

The distribution points of D. sinensis and 9
environmental factors data were imported into
the MaxEnt for modeling operations. 25% of
the distribution points was selected for the test set
and 75% for the training set. Receiver operating
characteristic curve (ROC) was selected to evaluate
model accuracy. MaxEnt model requires the user to
specify a set of parameters, i.e., test training (i.e., for
model development and the percentage of positions
tested for internal testing), the number of background
points, the clamp (that is, whether to restrict the
prediction to the variability of the input predictor
environment factors) and the canonical multiplier (i.e.,
to avoid overfitting of the response curve) [17, 38].
However, there is no standard set of parameter values
in the literature for use in MaxEnt, and best practice
suggests performing preliminary sensitivity to the
chosen parameters for model performance testing. Area
under Receiver operating curve (AUC) values and ROC
curves were used to test the accuracy of the applicability
results. The ROC curve is an acceptance curve where
the horizontal coordinate represents the false positive
rate (1-specificity) and the vertical coordinate represents
the true positive rate (1-omission rate). Since the AUC
value is not influenced by the threshold, its assessment
of the model is more objective [39].

In this study, in order to evaluate the performance
of the parameter configurations, different parameter
configurations were selected for trial runs, which
had been used to adjust the optimal parameters of
the model. In this study, first, the RM (regularization
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multiplier) was set to 0.5 to 4 based on the known
distribution points of D. sinensis and its corresponding
environmental factors, respectively. six feature
combinations (FC) were used to optimize the model
parameters to select the best combination of parameters:
L (linear features); LQ (linear features+secondary
features), H (hinge features), LQH (linear features
+ secondary featuresthinge features), LQHP (linear
features + secondary features+hinge features + product
features) and LQHPT (linear features + secondary
features + hinge features+product features + threshold
features) [40]. Finally, the RM in this study was set to 1,
the feature combination was LQHPT, and the Jackknife
method was chosen to determine the weight of each
variable that affected the variables.

Model Accuracy Validation

The prediction accuracy of the model was evaluated
by using the area under the curve (AUC). The closer
the AUC value is to 1, the better the prediction effect of
the model. The evaluation criteria of model simulation
accuracy were classified into four levels: poor
(AUC<0.80), fair (0.8<AUC<0.90), good (0. 90<AUC=0.
95) and very good (0.95<AUC<1.00) [41].

Classification of Suitable Habitats

In the output file, the average of 10 replicates was
selected as the simulation result. The results were
generated as ASCII raster layers based on the logical
value of species presence probability (P), with P values
ranging from O to 1. Higher P values indicated a higher
probability of species presence. The prediction results
were converted into raster format using ArcGIS10.2
software to classify and visualize the hierarchy of
suitable habitats. Based on the P-value, the natural
interruption point method was used to classify the
suitable habitat into four classes, namely, high suitable
habitat  (0.7<P<1.0), moderately suitable habitat
(0.5<P<0.7), low suitable habitat (0.2<P<0.5) and
unsuitable habitat (0.0<P<0.2). The number of grids in
each class was counted, and the proportion of suitable
habitat area in each class was calculated.

Results and Discussion

Environmental Factors Affecting the Potential
Geographic Distribution of D. sinensis

The potential geographical distribution  of
D. sinensis in China was simulated and predicted using
the MaxEnt model based on 96 distribution records,
and the AUC values of training and test data were
0.959 and 0.945, respectively, indicating that the model
fitting effect turned out to be relatively good (Fig. 2).

There is disagreement on the determination of
the number of dominant factors. Most researchers base

= = =1 = = = o
= in =1 =1 o w o
T T T T T T T

Sensitivity {1 - Omission Rate)

o
w
T

Training data (AUC = 0.950) =
01 Testdata (AUC =0.945) ® =

Random Prediction (AUC=0.5) =
0or b

0.0 0.1 0.2 0.3 0.4 05 086 0.7 0.8 0.9 1.0
1 - Specificity (Fractional Predicted Area)

Fig. 2. Receiver operating characteristic curve of D. sinensis.

their determination on the cumulative contribution
rate, where the environmental factor with a cumulative
contribution rate above a specific value is considered
the dominant environmental factor [42]. This specific
value is wusually chosen subjectively based on
the characteristics of the respective study species
and the results of the study, and therefore the criteria
vary. In this study, the environmental factor with
a contribution greater than 10% was selected as
the dominant environmental factor. Of the nine
environmental factors used in the Maxent model
predictions, those with a contribution greater than
10% were: annual precipitation (Biol2, 35.1%) and
min temperature of coldest month (bio6, 35.1%), with a
cumulative contribution of 70.2% (Fig. 3); the results of
the Jackknife method test (Fig. 4) showed that the two
environmental factor variables that have the greatest
influence on the gain in formal training when only
a single environmental factor variable is used are:
annual precipitation (Biol2) and min temperature
of coldest month (bio6), suggesting that these
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Fig. 3. Contribution rate of environmental factors on the
distribution of D. sinensis.
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Fig. 4. The Jackknife method test result of environmental factor of D. sinensis.

environmental factor variables contain information that
other environmental factor variables do not, and further
supporting the idea that the dominant environmental
factor influencing the potential geographical distribution
of D. sinensis was the “coldest month”. The dominant
environmental factors influencing the potential
geographic distribution of D. sinensis were also further
corroborated. In summary, the dominant environmental
factors influencing the potential geographic distribution
of D. sinensis are annual precipitation (Biol2) and min
temperature of coldest month (Bio6).

The response curves of species survival probability
to environmental factors in the results of MaxEnt
model runs are often used to determine the relationship
between species presence probability and environmental
factors (Fig. 5). In this study, referring to previous
studies, when the presence probability of D. sinensis
was greater than the threshold of high suitable habitat,
its corresponding environmental factor interval was
a suitable interval for D. sinensis survival.
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The results of the MaxEnt model runs showed
that the probability of survival of D. sinensis reached
the threshold of high habitat suitability (0.7) when
the min temperature of coldest month (bio6) reached
—7.8°C. As the min temperature of coldest month
(bio6) increased —4.4°C, the probability of D. sinensis
reached a peak (0.78). The probability then began to
decrease as the temperature (Bio6) increased. When
the min temperature of coldest month to 1.5°C, the
probability 0.7. It is thus clear that the range of the min
temperature of coldest month suitable for the survival
of D. sinensis was —4.4°C~1.5°C. When the annual
precipitation (biol2) was 490.9 mm, and the probability
of survival of D. sinensis showed an increasing trend as
the annual precipitation increased. The probability
of survival of D. sinensis reached a peak (0.83)
at an annual precipitation (biol2) of 738.8 mm.
As annual precipitation (biol2) continued to increase,
the probability of survival of D. sinensis began to
decline to 0.7 at 12047 mm The range of annual

b)
08}
S o6t
2
2
[=9
2 04t
=
<
P o
e
M il
0.0}
1 1 1 1 1 1 1 I 1

-500 0 500 1000 1500 2000 2500 3000 3500 4000

Annual precipitation

Fig. 5. Response curves of existence probability of D. sinensis for environmental variable.
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precipitation (biol2) suitable for survival of D. sinensis
was 490.9 mm to 1204.7 mm.

The MaxEnt model prediction results showed
that the important environmental factors limiting
the potential geographical distribution of D. sinensis
were the temperature factor (min temperature of
coldest month) and the precipitation factor (annual
precipitation). This study showed that as the coldest
monthly minimum temperature and annual precipitation
increase, the probability of the presence of D. sinensis
tends to increase and then decrease. Li et al’s study
showed that D. sinensis is mainly distributed in areas
with high humidity and minimum temperatures below
0°C and precipitation of 690-1200 mm, while in drought
prone area its distribution gradually decreases or even
disappears, indicating that it has high requirements
for temperature and precipitation [43] This further
confirms the accuracy of the results of this study.
The fossil record of the genus D. sinensis in North
America is relatively comprehensive, ranging from the
middle of the Eocene to the Miocene, while the fossil
record in East Asia is less extensive. But nowadays,
D. sinensis remains in some mountain systems in China,
with small and scattered populations and extremely
limited numbers. It is assumed that the climate became
colder from the Late Tertiary onwards, and with the
onset of the Pleistocene in the Quaternary, the climate
became significantly colder, which was responsible
for the reduction in the distribution of the genus
Phyllostachys, thus suggesting that low temperatures
were an important environmental stressor affecting the
survival of Phyllostachys.

The fossils of D. sinensis were first found in the
Tertiary period in East Asia and North America, where
the fossil record was more comprehensive, ranging

from the middle of the Eocene Epoch to the Miocene
Epoch, while the fossil record in East Asia was less
extensive. However, D. sinensis, nowadays, remains
in some mountain systems in China, with small and
scattered populations and extremely limited numbers.
It is hypothesized that since the Neogene, the climate
has entered a cold phase, and with the beginning of
the Quaternary Pleistocene, the climate has become
significantly colder, which is the reason for the reduction
of the distribution area of D. sinensis. This indicates the
importance of low temperature stress on the existence
of D. sinensis, and further verifies the accuracy of
identifying the min temperature of coldest month
as the dominant variable. In this study, the potential
geographical distribution of D. sinensis in China was
predicted, and the climatic factors limiting the potential
geographical distribution of D. sinensis were identified.
The expansion of the study area may have led to
changes in the range of environmental factors limiting
the growth of D. sinensis. Other environmental factors,
such as vegetation cover and other data, also have an
influence on the potential geographical distribution of
D. sinensis. As it is not possible to accurately predict
the vegetation cover in China in future periods,
the prediction of the potential geographical distribution
of D. sinensis was not included, so the potential
geographical distribution area obtained in this study may
be partially unsuitable for the survival of D. sinensis
and must be combined with local hydrogeological
conditions when applied in practice. However, the
results of this study are the first step in macro planning,
which is crucial for the scientific management and
conservation of D. sinensis and the provision of good
habitat and breeding sites for D. sinensis.
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Fig. 6. Potential geographical distribution of D. sinensis under current climate conditions.
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Table 2. Suitable areas for D. sinensis under climate change scenarios (10‘km?).

Period High suitable area Moderately suitable area Low suitable area Total suitable area
Present 10.39 22.05 71.46 103.9
2050, SSP1-2.6 11.76 25.36 78.56 115.68
2070, SSP1-2.6 8.30 23.39 66.16 97.85
2050, SSP2-4.5 13.90 22.33 75.32 111.55
2070, SSP2-4.5 13.21 25.56 77.60 116.37
2050, SSP5-8.5 14.42 25.64 76.73 116.79
2070, SSP5-8.5 9.14 25.57 65.99 100.69

Potential Geographical Distribution of D. sinensis
under Current Climatic Conditions

The potential geographic distribution area of
D. sinensis under current climatic conditions was
simulated using MaxEnt model operations (Fig. 6).
Of the 96 logical values for the presence probability of
the valid distribution points of D. sinensis, the highest
logical value was in Xiji Village, Shaanxi Province
(0.83) and the lowest logical value was in Wenshan
County, Yunnan Province (0.02), with an average
logical value of 0.55.

The highly suitable habitats were mainly located in
Sanmenxia, Luoyang and Nanyang in Henan Province,
Xi’an, Hanzhong, Baoji, Ankang and Shangzhou in
Shaanxi Province, Yichang, Xiangyang and Shiyan
in Hubei Province, and sporadically in Tianshui and
Longnan in Gansu and Mianyang, Guangyuan, Bazhong
County, Dazhou, Markang County and Chongqing in
Sichuan, with a total area of 10.39x10*km?, accounting
for 1.08% of China’s land area (Table 2). The arca
of moderately suitable habitat was 22.05x10* km?,
accounting for about 2.30% of the total arca of China
(Table 2), mainly located in patches around the highly
suitable habitat of D. sinensis. With medium suitability
habitat distributed around its highly suitable habitat
and scattered in Zhongdian County, Yunnan Province;
Linzhi County, Tibet; Kaili, Guiyang, Zunyi, Tongren
and Bijie cities, Guizhou Province; Zhaotong City,
Yunnan Province; Ya’an City and Leshan City, Sichuan
Province. Overall, the highly and moderately suitability
habitats of D. sinensis were concentrated distributed
in the central and north-western parts of China
and scattered in the southwest, which was in good
agreement with its actual distribution and indicates that
the modelling results of this study are accurate.

Projections of Climate Change Impacts
on the Potential Geographic Distribution
of D. sinensis

MaxEnt model was used to predict the potential
geographic distribution of D. sinensis in China under
three emission scenarios, SSP1-2.6, SSP2-4.5 and

SSP5-8.5 in 2050s and 2070s, resulting in the potential
geographic distribution areas of D. sinensis in China
under future climate change scenarios (Fig. 7) and
a map of the change in the geometric center of potential
suitable habitat for D. sinensis (Fig. 8). The areas of
the different classes of suitable habitat under the three
emission scenarios in 2050s and 2070s change to
varying degrees compared to current climate conditions
(Table 2).

In the 2050s SSP1-2.6 emission scenario, the
area of highly suitable habitat for D. sinensis is
11.76x10* km?, accounting for approximately 1.2% of
China’s total land area, an increase of 0.12% compared
to the area of highly suitable habitat for D. sinensis
under current climate conditions. Under the 2070s
SSP1-2.6 emission scenario, the area of highly suitable
habitat for D. sinensis was 8.30x10* km? ~which
accounts for about 0.86% of the total area of China’s
national territory, with a decrease of 0.22% compared
to current climate condition. Under the 2050s SSP2-4.5
emission scenario, the areca of highly suitable habitat
was 13.90x10* km?, which accounts for about 1.45%
of the total land area of China, with an increase
of 0.37% compared to current climate condition.
Under SSP2-4.5 emission scenario in 2070s, the
area of highly suitable habitat was 13.21x10* km?,
accounting for 1.38% of the total land area of China,
with an increase of 0.3% compared to current climate
condition. The area of highly suitable habitat under the
SSP5-8.5 emission scenario in 2050s was 14.42x10*km?,
accounting for 1.5% of China’s total land area, 0.42%
higher than the current climate conditions. Under
the SSP5-8.5 emission scenario in 2070s, the area of
highly suitable habitat for D. sinensis was 9.14x10*km?,
accounting for approximately 0.95% of the total area of
China, with a decrease of 0.13% compared with under
current climate conditions. The area of highly suitable
habitat for D. sinensis will decrease under the low and
high emissions scenarios in 2070s, increase under the
low, medium and high emissions scenarios in 2050s and
the medium emissions scenario in 2070s, and decrease
proportionally the most under the SSP1-2.6 emissions
scenario in 2070s, and SSP5-8.5 emissions scenario in
2050s. The largest proportional increase was observed
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for the SSP5-8.5 emission scenario in 2050 (Fig. 7,
Table 2).

Under the SSP1-2.6 emission scenario in 2050, the
area of moderately suitable habitat for D. sinensis is
25.36x10* km?, accounting for about 2.64% of the total
land area of China, an increase of 0.34% compared to
the area of moderately suitable habitat for D. sinensis
under current climate conditions; under the SSP1-2.6
emission scenario in 2070, the area of moderately
suitable habitat for D. sinensis is 23.39x10*km? in 2070,
accounting for 2.44% of China’s total land area, an
increase of 0.14% compared to the arca of moderately

suitable habitat for D. sinensis under current climate
conditions; 22.33x10* km? in 2050 under the SSP2-4.5
emission scenario, accounting for 2.33% of China’s total
land area, an increase of Under the SSP2-4.5 emission
scenario in 2070, the area of moderately suitable
habitat for D. sinensis is 25.56x10* km?, which is about
2.66% of China’s total land area, an increase of 0.36%
compared to the area of moderately suitable habitat for
D. sinensis under current climate conditions; under
the SSP5-8.5 emission scenario in 2050, the area
of moderately suitable habitat for D. sinensis is
25.64x10* km?, which is about 2.66% of China’s total
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Fig. 7. Potential geographical distribution of D. sinensis under future climate change scenarios.
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land area. This is the largest increase of 0.37% over the
area of moderately suitable habitat for D. sinensis under
current climate conditions, and the area of moderately
suitable habitat for D. sinensis under the SSP5-8.5
emission scenario in 2070 is 25.57x10* km?, accounting
for 2.66% of the total area of China, which is a 0.37%
increase over the area of moderately suitable habitat for
D. sinensis under current climate conditions. This is
an increase of 0.36% compared to the area of suitable
habitat for D. sinensis under current climate conditions.
The area of intermediate suitable habitat for D. sinensis
under future climate change scenarios tended to
increase under all three emission scenarios in 2050s
and 2070s, with the largest proportional increase under
the 2050s SSP5-8.5 emission scenario (Fig. 7, Table 2).

In summary, the trends in the area of low suitable
habitat and total suitable habitat for D. sinensis under
future climate change scenarios are consistent with
the trends in its high suitable habitat, with an overall
increasing trend in its potential suitable habitat and
a decreasing trend in its low, high and total suitable
habitat only under the low and high emission scenarios
in 2070, and an increasing trend in the area of
moderately suitable habitat under all three emission
scenarios in 2050s and 2070s.

The trajectory and trends of potentially suitable
habitat for D. sinensis were revealed based on the
center of gravity of its highly suitable habitat (potential
survival probability >0.2) under current climate
conditions and future climate change scenarios. Under
all three emission scenarios in 2050s and 2070s,
the center of gravity of potentially suitable habitat

for D. sinensis tends to shift to the northwest and to
higher latitudes, with the most pronounced shift in
the center of gravity of potentially suitable habitat for
D. sinensis under the 2070s SSP5-8.5 emission scenario
(Fig. 8) and the largest area of habitat loss. Under the
low and high emission scenarios in 2070s, the loss of
potentially suitable habitat for D. sinensis occurs to
varying degrees, mainly in the form of a shift from
high to medium and low suitable habitat and a partial
conversion of low suitable habitat to unsuitable habitat
(Fig. 7). In summary, under future climate change
scenarios, potentially suitable habitat for D. sinensis
tends to shift to the northwest and higher latitudes, and
the area of potentially suitable habitat tends to decrease
under the low and high emissions scenarios in 2070.
Based on three emission scenarios in 2050s and
2070s combined with current climate conditions,
the MaxEnt model was used to predict the potential
geographical distribution of D. sinensis in China under
future climate change scenarios (Fig. 7), and the results
were spatially overlaid in ArcGIS to obtain changes in
the potential distribution of D. sinensis under future
climate change scenarios (Fig. 9). The predicted results
showed that the potential geographic distribution of D.
sinensis under the three emission scenarios in 2050s and
2070s showed an overall increasing trend. Under the low
and high concentration emission scenarios in 2070s, its
low and high suitable habitat and total suitable habitat
area showed a decreasing trend (Fig. 7). The results of
this study indicated that with increasing temperature
and this may be due to the fact that the temperature
and precipitation in the low and high emission scenarios
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Fig. 8. Changes in gravity center of the potential suitable habitat areas and its moving tendency under future climate change scenarios.
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in 2070 exceed the threshold of suitable habitat for D.
sinensis, making it less likely to survive in some areas,
while in the other emission scenarios, the temperature
and precipitation were within the range of suitable
habitat for D. sinensis, making its potential suitable
habitat increase. A shift in the center of gravity of
potentially suitable habitat towards the northwest and
higher latitudes (Fig. 8) may mean that some areas
become unsuitable for D. sinensis under future climate
change scenarios and that areas suitable for D. sinensis
will emerge. Emission concentration scenarios indicated
that 15-37% of species will be at risk of extinction
in 2050s, while other species will be at low risk of

extinction. With some species benefiting from warming,
suggesting that the effects of warming on the potential
geographic distribution of species are two-sided and that
not all species are at risk of extinction or benefit equally
under climate change [44]. In this study, under the three
emission scenarios for 2050s and 2070s, suitable habitat
for D. sinensis was lost to varying degrees in central
and southern China, and increased to varying degrees
in high latitude and high altitude areas of northern and
northwestern China (Fig. 9).

In the 2050s SSP1-2.6 emission scenario, the loss of
suitable habitat for D. sinensis was the smallest, with
an area of 2.69x10*km?; in the 2070 SSP5-8.5 emission
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Fig. 9. Changes of potential geographical distribution of D. sinensis under climate change scenarios in the future.
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Table 3. Changes of D. sinensis in suitable habitat area
in the future (10%km?).

Period Loss Gain Stable
2050, SSP1-2.6 2.69 13.56 101.87
2070, SSP1-2.6 12.67 7.08 91.20
2050, SSP2-4.5 9.74 17.21 94.45
2070, SSP2-4.5 6.53 18.79 97.64
2050, SSP5-8.5 5.33 17.85 98.97
2070, SSP5-8.5 25.90 22.88 78.08

scenario, the loss of suitable habitat for D. sinensis was
the largest, with an area of 25.90x10*km?, (Table 3), and
the loss of suitable habitat for D. sinensis was mainly
located in Hubei Province, Hunan Province, Henan
Province. Under the 2070s SSP1-2.6 emission scenario,
the increase area of suitable habitat for D. sinensis was
the smallest, with an area of 22.88x10* km?; under the
2070 SSP5-8.5 emission scenario, the increase area of
suitable habitat for D. sinensis was the largest, with an
area of 22.88x10* km? (Table 3), and the increase area
for D. sinensis was mainly located in the southern part
of the Qinling Mountains in Shaanxi Province, Shanxi
Province and the Ningxia Hui Autonomous Region,
among other areas (Fig. 9). The Qinling and Bashan
Mountain regions of China are at the northern edge of
the subtropical zone, where the subtropical and warm
temperate climates meet [31].

The shared socio-economic pathway scenarios
presented in the Sixth Assessment Report (AR6)
of the Intergovernmental Panel on Climate Change
indicated that the extent of warming and the increase in
temperature were more pronounced due to the important
influence of temperature on the growth of D. sinensis,
and the increase in temperature with higher emission
concentrations in the 2070s SSP5-8.5 emissions
scenario may result in the loss of suitable habitat
for D. sinensis [8]. This may also account for the largest
loss of habitat under this scenario. In terms of changes in
the center of gravity, Leng et al. analysed the effects of
climate change on the potential geographic distribution
of three Larix gmelinii species in northeastern China
using an RF model and showed that the potential
geographic distribution of three Larix gmelinii species
(Larix spp.) shifts significantly towards higher latitudes
under future climate change scenarios [45]. Bellard et
al. modelled the potential geographic distribution of 100
of the world’s most aggressive non-native species and
showed a general trend towards a northward expansion
of the potential geographic distribution of these species
[4]. Thuiller found that in the context of a warming
climate, most species would migrate northwards, with
the exception of those species that are themselves
distributed in the north [46]. Garah found that the
Aures region of suitable areas for Aleppo pine would
migrate to the north [12]. The trends in suitable habitat

for D. sinensis in the coming period were generally
consistent with this. The effects of climate warming
on the potential geographic distribution of species are
mainly in the form of shifts to higher latitudes or higher
altitudes and the expansion and contraction of the
potential geographic range of species. The trend in this
study for the potential suitable habitat of D. sinensis to
shift to higher latitudes and northwestern regions under
future climate change scenarios is consistent with this
feature.

Climate  change  has  indirectly  affected
the population and distribution characteristics of
D. sinensis through direct impacts on ecosystems.
In addition to the important influence of climate
change on the potential geographic distribution of
the D. sinensis, irrational human activities (e.g.
agricultural development, the rise of tourism,
hydropower development and other industrial practices)
have led to a dramatic decline in wild populations
of the D. sinensis. As wild populations of D. sinensis
continue to decline, not only do they need to be relocated
and conserved with reference to the distribution of
potentially suitable habitats for D. sinensis, but they
also need to be systematically conserved with reference
to detailed information on topographic features, climate
change, ecosystem development, population genetic
structure, anthropogenic factors and phylogeography,
which was a greater challenge for the conservation of
D. sinensis populations in the 21% century. In this study,
environmental factor variables were used for only two
time periods, 2050s and 2070s, so that in future studies
of the response of the species’ potential geographic
distribution to climate change, multiple study periods
can be selected to derive overall trends in the potential
geographic distribution of the study population.

Conclusions

Dipteronia sinensis is an endangered relict woody
plant species with ecological and economic value in
China [47]. Due to the poor natural regeneration ability,
the continuous deterioration of ecological environment
and large-scale deforestation, the distribution range
and population size of D. sinensis have been constantly
decreasing [48], so artificial intervention should be taken
to save the natural ecosystem. Therefore, this study has
a certain theoretical and practical significance. From the
perspective of species and habitat restoration, it is very
important to understand their climatic characteristics
and suitable habitat. The dominant environmental
factors affecting the potential geographic distribution
of D. sinensis under current climate condition were
temperature factor (min temperature of coldest
month) and precipitation factor (annual precipitation).
The potential geographic distribution of D. sinensis
under current climate condition was mainly located in
the central and northwestern regions of China. The low,
high and total suitable habitat tends to decrease under
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the SSP1-2.6 and SSP5-8.5 scenarios in 2070s, the area
of moderately suitable habitat tends to increase under
three scenarios in 2050s and 2070s, and the potentially
suitable habitat tends to shift to higher latitudes.
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