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Objective: Phellodendron amurense, a special species in Northeast Asia, is the

source of the wild medicinal Phellodendri Amurensis Cortex, the second-level key

protection in China. Because of its dual value of medicine and timber, it has been

cut in large quantities, resulting in a sharp decline in wild resources. It has been

listed as a national first-class rare tree species. Here, we aim to plan protection

area and wild tending area for Chinese P. amurense in the context of climate

change.

Method: In this study, based on the Biomod2 model, the main environmental

factors affecting the distribution and the potentially suitable areas of the current

and future were investigated. Furthermore, the correlation between the main

environmental factors and the chemical components was determined by full

subset regression. Habitat quality and landscape pattern change were determined

by InVEST and Fragstats software based on the land use data in 1980, 2000, and

2020. Then, Zonation software was used to plan the priority protection and wild

tending areas.

Results: The results showed that in the future, the potential habitat of P.

amurense will gradually move to the high latitude and high altitude areas in

the northwest direction, and the high suitability area will decrease sharply. Since

1980, the habitat quality of P. amurense habitat has gradually deteriorated, and

the fragmentation has gradually intensified. In the future, the central part of the

Greater Khingan Mountains and the forest area of the Lesser Khingan Mountains

will be the long-term stable sanctuary. Fengcheng City and Tonghua County are

the most suitable for the wild tending areas.

Conclusion: The existing nature reserve only contains 6.01% of the priority

protection area, so we propose to expand the area to cover a larger proportion of

the sanctuary and implement management and restoration plans to increase the

suitability and connectivity. These results can support the protection action and

provide a reference and scientific basis for further research, rational development,

and utilization of P. amurense.
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1. Introduction

In large-scale space, climate plays an important role in
determining the spatial and temporal distribution of species, and
the reason why species can only grow in an environment is
that species adapt to specific climatic conditions within their
geographical range (Araújo et al., 2005; Pant et al., 2021). Since
the 19th century, due to the intensification of human activities,
the global temperature has increased by around 1◦C on average
(Sommer et al., 2010; Ma et al., 2022). In response to climate
change, the geographical distribution of many plants will change
(Zhao et al., 2021). Compared with the past migration rate of plant
species, many plants may not be able to adapt to the current rapid
climate change (Huntley, 1991; Davis and Shaw, 2001; Elias et al.,
2017). The average lifespan of individuals and the age at the time of
reproductive maturity partly determines the adaptation potential
of plant populations to climate change. Subject to other conditions,
due to the length of generation and lifespan, annual plants adapt
faster to climate change, while perennials adapt more slowly (Jump
and Peñuelas, 2005). Rapid climate change may pose a more serious
threat to some endangered woody plants’ survival.

Phellodendron amurense, a deciduous tree of the genus
Phellodendron of Rutaceae (Figures 1B–D). It is an endemic species
in Northeast Asia (Ma et al., 2015). And it is mainly distributed
in China, the Far East of Russia, the Korean Peninsula, and Japan
(Wei et al., 2019). In China, P. amurense is mainly distributed in
the Northeast China and North China (Chinese Botanical Society,
1997), which is a national first-class rare tree species, second-class
protected plant, and second-class key protected wild medicinal
material in China. Its bark is called “Phellodendri Amurensis
Cortex,” a rare traditional Chinese medicine with anticancer and
antiviral effects (Zhao et al., 2013; Zhang and Zhang, 2019; National
Pharmacopoeia Commission, 2020). It is also one of the three
famous hardwoods in Northeast China, which has important
ecological and economic value (Zhang and Wang, 2014). Since the
1980s, wild resources have been plundered and seriously damaged
due to their high commercial value. In addition, the poor self-
renewal ability has further exacerbated the sharp decline of wild
resources (Zhang et al., 2016), leading to a serious imbalance in the
supply relationship.

The conservation of rare species has shifted from focusing on
the intrinsic value of species to conservation ecosystem services
and the benefits provided to people (Groner et al., 2023). The
establishment of nature reserves is the most effective means to
slow down the rate of species extinction. However, the current
nature reserves are mostly designed according to the current
distribution of species, which is difficult to meet the needs for
habitat protection under future climate change (Ran et al., 2019). In
addition, wild tending is also another way to protect wild resources,
which represents a way of artificially or naturally increasing the
population size in its native or similar environment based on the
growth characteristics of the target species and their requirements
for ecological environment conditions, so that its resources can
be collected and utilized by people and can continue to maintain
community balance (Chen et al., 2004). This approach can not
only solve the shortage of medical resources but also promote the
recovery of the population (Chen et al., 2016). The production and
change of effective components of medicinal plants have a strong

correlation and correspondence with the environment (Zeng et al.,
2015). Therefore, the relationship between the quality of medicinal
plants and their habitat must be considered before specifying the
wild tending plan (Shen et al., 2021).

This study constructed a new analytical framework. In this
framework, ten species distribution models based on the Biomod2
were used to identify the main environmental factors affecting the
spatial distribution of P. amurense in the Chinese region, and the
correlation between the main environmental factors and chemical
components content was clarified using full subset regression.
Then, we combined the above analysis results with land use data
to evaluate the changes in the landscape pattern of the habitat
of P. amurense, and planned priority protected areas and wild
tending areas. In addition, the framework takes into account the
synergistic effect of habitat fragmentation and climate change, and
aims to provide support for the conservation action and sustainable
use of resources of P. amurense in China under the background
of global climate change. Meanwhile, this framework can also
provide effective reference for the management of medicinal plant
resources in China. The purpose of this study is to: (1) determine
the environmental factors that limit the distribution of P. amurense
and their correlation with the chemical components in China;
(2) explore the influence of climate change on the distribution
of P. amurense in China; (3) explore the habitat quality and
connectivity of the habitat of P. amurense in China; (4) plan
the priority protection and wild tending areas of P. amurense,
and propose protection management strategies in China; (5)
provide a reference method for the protection of other rare and
endangered wild species.

2. Materials and methods

2.1. Occurring data source and
processing

This study obtains the distribution data of P. amurense in
three ways: (1) Field investigation. From July to September
2017–2022, an extensive survey was conducted, totaling 185
geographical points; (2) Network database. The Global Biodiversity
Information Facility,1 the Chinese Virtual Herbarium,2 and the
National Specimen Information Infrastructure 3have collected 154
geographical occurrence points of P. amurense from 2000 to now;
(3) Literature search. A total of 118 geographical data points
have been collected through Google Academic, CNKI, and other
platforms (e.g., Wan et al., 2014; Zhang et al., 2016). Google
earth pro software (Google Earth USA) was used to eliminate the
unreasonable geographical location data of P. amurense in waters
and cultivated land. The “spThin” package in R 4.1.0 eliminates the
geographic location data gathered within 10 km (Aiello-Lammens
et al., 2015). Finally, we reserved 193 geographical data points of
P. amurense for modeling (Figure 1A).

1 https://www.gbif.org

2 http://www.cvh.ac.cn

3 http://www.nsii.org.cn
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FIGURE 1

Occurrence data and morphological characteristics of Phellodendron amurense. (A) Occurrence data and geographical distribution of chemical
components of P. amurense; (B) Plants of P. amurense; (C) Fruits of P. amurense; (D) Bark of P. amurense (medicinal material).

2.2. Source and processing of
environmental factor data

Phellodendron amurense is a sun loving plant, and solar
radiation plays an important role in its growth, and its suitability
for soil is extremely strong (Tang et al., 2014). Therefore, 31
environmental factors were selected for this study, including solar
radiation and biological climate factors (Supplementary Table 1).
Srad01-12 were downloaded from the WorldClim Database (v2.1),4

covering 1970–2000. In order to make environmental data more
representative of current climate conditions as much as possible,
we downloaded monthly mean minimum temperature, monthly
mean maximum temperature, and monthly mean precipitation
data (2000–2018) from the WorldClim Database (v2.1). Then,
we used the biovar package in R 4.1.0 to calculate 19 climate
factors (2000–2018). This study used the MaxEnt3.4.4 software to
establish an initial model (modeling ten times) without adjusting
parameters. Environmental factors with relative contribution rates
of less than 1% were removed. Moreover, the correlation function
in ENMTools software was used to conduct correlation analysis on
the remaining environmental factors (Warren et al., 2010). Then,
we screened the two environmental factors with | r| > 0.80 and
retained the environmental factors with a larger contribution rate
to prevent the high correlation between environmental factors from
causing an over-fitting species distribution model (Goldsmit et al.,
2020; Gomes et al., 2020). Finally, eight environmental factors were
retained for final modeling.

We selected CNRM-CM6-1, MIROC-ES2L, and MRI-ESM2-
0 general atmospheric circulation models from the WorldClim
Database (v2.1) to establish the future species distribution model.
Each model includes 4 years: 2021–2040 (2030s), 2041–2060
(2050s), 2061–2080 (2070s), and 2081–2100 (2090s). Each year

4 www.worldclim.org

includes four shared socio-economic paths (SSPs): SSP1-2.6, SSP2-
4.5, SSP3-7.0, and SSP5-8.5. The four selected carbon emission
scenarios, SSP1-2.6 to SSP5-8.5, represent the radiative forcing
scenario from low to high (Jiang et al., 2020). In order to avoid
the uncertainty caused by the prediction of a single general
atmospheric circulation model (GCM), we used ArcMap10.5
software to average the data of three climate models in the
same year and the carbon emission scenario. Because there is no
matching future data for solar radiation data, in this study, we
used solar radiation as a static variable in the species distribution
modeling. The spatial resolution of the above environmental data
is 2.5 min.

In this study, land use change in the suitable areas of
P. amurense was compared using 1980, 2000, and 2020 land
use data from the Resource and Environment Science and Data
Center5 with a spatial resolution of 1 km. We reclassified them
into cultivated land, forest, grassland, waters, construction land,
and unused land.

2.3. Construction of species distribution
model

The “Biomod2” package in R 4.1.0 integrates ten common
species distribution models (GLM, GBM, GAM, CTA, ANN, SRE,
FD, MARS, RF, and MaxEnt). This study used this package to
simulate the spatial distribution of P. amurense and analyzed the
relative importance of environmental factors used in modeling
(Elias et al., 2017; Xu et al., 2021). Except for the MaxEnt model,
all models were built with default parameters. The “kuenm”
package in R 3.6.3 was used to evaluate the performance of the
MaxEnt model under different combinations of multiplicators
(RM) and eigenvalues (FC). A total of 572 candidate models

5 https://www.resdc.cn/
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were constructed by combining 17 regularization multiplier values
(0.10–1, interval 0.10; 2–6, interval 1; 8, 10) and five features
provided by the MaxEnt model (linear feature: L, secondary feature:
Q, fragmentation feature: H, product feature: P and threshold
feature: T). The optimal model is selected according to the delta
in the Akaike information criterion (AICc) model. When the AICc
value is minimum (deltaAICc = 0), it is considered the optimal
model (Cobos et al., 2019). The optimized MaxEnt3.4.4 software
parameters are RM = 0.30 and FC = LQP.

In Biomod2 package, 75% of the distribution data was set as
training data and the other as testing data. The division of training
data and testing data was repeated five times. In order to better
simulate the actual distribution and reduce the spatial deviation,
5,000 pseudoabsence points (repeated three times) were randomly
created to construct the model. In the end, 150 model results were
constructed in this study. The most accurate way to verify the
prediction accuracy of SDMs is to combine the true skill statistic
(TSS) and the area under the receiver operating characteristic curve
(AUC) to evaluate the model results (Bucklin et al., 2015; Zhang
et al., 2020). The TSS value ranges from −1 to 1, and the AUC
value ranges from 0.5 to 1. The closer the value is to 1, the stronger
the model’s prediction ability is (Freitas et al., 2019; Zhao et al.,
2021). For 150 model calculation results, models with an average
TSS greater than 0.80 and an average AUC greater than 0.90 were
used to calculate the final species distribution layer.

2.4. Classification of suitable areas and
analysis of climate characteristics

We used the maximum training sensitivity plus specificity
threshold (in this study is 0.375), which can maximize the TSS
value to create a binary mapping, and has been proven to produce
the most accurate prediction (Jiménez-Valverde and Lobo, 2007;
de Andrade et al., 2020). Three grades of the suitable area were
divided: low suitability area (0.375–0.50), medium suitability area
(0.50–0.70), and high suitability area (≥0.70) (Chen et al., 2022).
In order to compare the changing trend of the spatial pattern of
P. amurense suitable area under the current and future climate,
the Distribution Changes Between Binary SDMs tool in SDMTools
(ArcMap10.5) was used to calculate the area of expansion, stability,
and contraction. The centroid changes (lines) tool was used to
calculate the centroid migration trend (Brown, 2014).

In order to analyze the changes in environmental characteristics
in the current potential area, we randomly selected 1,000 points in
the current distribution area. Then, we extracted the corresponding
values of the 1,000 distribution points in the different climate
conditions layer corresponding to the leading environmental
variables. The average value and 95% quantile of the extracted
value were calculated, and the density map was drawn to intuitively
understand the environmental pressure that P. amurense will face
in the future (Tagliari et al., 2021).

2.5. Habitat quality assessment of habitat

In order to find out the current and past changes in the habitat
quality of P. amurense habitat, the Habitat Quality Model in the

InVEST model was used to quantify the habitat quality in the study
area (Akbari et al., 2021). The value of the habitat quality index
is between 0 and 1. The higher the value, the better the habitat
quality in the region (Liu et al., 2021). Because of the distribution
characteristics of the P. amurense natural population, only forest
landscape was used as the evaluation object. Cultivated land, urban
land, rural residential land, and construction land were considered
as threat sources of the habitat. The impact weights and distances of
these four threat sources were assigned (Supplementary Table 2),
and the habitat suitability of different land uses and their sensitivity
to threat sources were determined (Supplementary Table 3; Yang
et al., 2018). Finally, the results were classified by the natural
discontinuities method. By doing this, we obtained low, medium,
and high-quality habitats of P. amurense.

2.6. Habitat landscape pattern analysis

The landscape index was used to quantitatively study the degree
and process of fragmentation in the suitable area of P. amurense
based on the land use data in 1980, 2000, and 2020. Seven
landscape indexes were calculated, including the number of patches
(NP), the patch density (PD), the mean patch size (AREA_MN),
the area-weighted mean shape index (SHAPE_AM), the area-
weighted mean patch fractal dimension (FRAC_AM), the division
index (DIVISION), and the aggregation index (AI). The spatial
distribution pattern of seven landscape indexes in three periods
was calculated using the moving window method of FRAGSTATS
4.2 software. Moreover, the specific method is shown in the
literature (Ran et al., 2019). According to the growth environment
of P. amurense, the forest land use type was selected to represent
the landscape fragmentation degree of the natural population.

ArcMap10.5 was used to carry out dimensionless standard
normalization processing for each index, and then principal
component analysis (PCA) and calculation were carried out for
the seven indexes in each period. The principal component whose
cumulative contribution rate was greater than 98% was selected.
The weighted sum tool in ArcMap10.5 was used to perform
overlay analysis on the layers with the weight of each principal
component as the coefficient. Finally, the habitat fragmentation
layers of P. amurense in different periods were obtained through
range standardization (Supplementary Table 4; Ran et al., 2019).

2.7. Prediction of chemical composition
and correlation with environmental
factors

In this study, a parameter relationship model was established
between the chemical composition content of Phellodendri
Amurensis Cortex and environmental factors to obtain high-
quality medicinal materials range of wild tending areas. In order to
ensure the consistency of data, we screened the collected data and
literature, used the content of 31 groups of Berberine and Palmatine
in the same literature, and obtained the relevant geographical
location information (Figure 1A; Zhang, 2015). These geographical
location data were also used to model the species distribution of
P. amurense.
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Based on the MuMIn (Multi-Model Interference) package in
R 4.2.1, the correlation between chemical component content
and environmental factors was analyzed by full subset regression
(Xu et al., 2020). The method of full subset regression is to fit
all the combination models that may appear in the prediction
variables in this model in turn and screen the best model under
the conditions of existing variables according to a certain standard
(such as R2, AIC, and SBIC) (Ren, 2022). Selected the best model by
adjusting AIC and used p-value to indicate the correlation between
environmental factors and the chemical content of Berberine and
Palmatine. A value less than 0.10% indicates a very significant
correlation, a value range of 0.10–0.50% indicates a significant
correlation, and a value range of 0.50–1.00% indicates a correlation.
The specific formula is as follows:

C = β1x1 + β2x2 ++βixn

Where C is the content of chemical components, xn is the
environmental variable, and βi is the regression coefficient, the
results were evaluated using the coefficient of determination (R2)
and F-test (Eberly, 2007).

In order to quantify the distribution of each chemical
component in space, the “raster calculator” function in ArcMap10.5
was used. According to the coefficient of each environmental
factor in the regression equation, the environmental factor layer
of Berberine and Palmatine in the suitable area of P. amurense
was standardized after the Z-Score superposition. By doing this,
we obtained the chemical composition distribution layer of
Berberine and Palmatine.

2.8. Planning of priority protection areas
and wild tending areas

In order to serve the protection action of P. amurense under the
background of climate change, the core area partitioning algorithm
in Zonation 4.0 software6 was used in this study. We input layers of
the current and future suitable areas, habitat quality, and landscape
fragmentation in the model to plan the priority protection area. The
weights of all the layers were set as 1, and other parameters were the
default values of the model. We set the warping factor to “1” and
removed one grid at a time to optimize the results (Moilanen, 2007).
Then, we classified the output results: the top 5% were taken as the
high protection areas, 5–10% as the moderate protection areas, and
10–20% as the low protection areas (Moilanen et al., 2005).

Considering that development and constructive activities are
forbidden in nature reserves, the existing protection areas and
planned protection areas in China were removed from the current
high suitability of P. amurense. Then the spatial distribution
layer of Berberine and Palmatine content and the remaining
areas of the current high suitability were input in Zonation
software. The parameters were the same as planning the priority
protection area. The natural discontinuity method is based on the
natural grouping inherent in the data, identifying the classification
interval, which can most appropriately group similar values, and
maximize the differences between various classes (Li and Xu, 2020).

6 https://www.helsinki.fi/

Therefore, the low, medium, and high-quality wild tending areas of
P. amurense were obtained by classifying the result by the natural
discontinuity method.

3. Results

3.1. Distribution of current potential
distribution and landscape pattern
change of P. amurense

Under the current climate conditions, the suitable habitat
of P. amurense is mainly distributed in Changbai Mountain,
Longgang Mountain, Zhangguangcai Mountain, and Lesser
Khingan Mountains, which formed an inverted triangle. And there
are also a few parts in the Yanshan Mountain and the south-central
part of the Greater Khingan Mountains (Figure 2a). The total
area of suitable habitat is about 55.63 × 104km2. Specifically, the
high suitability area is about 29.95 × 104km2. This area is mainly
distributed in the southeast of Changbai Mountain, Zhangguangcai
Mountain, Longgang Mountain, and Lesser Khingan Mountains,
and a small amount in the middle of the Greater Khingan
Mountains, the northern branch of Changbai Mountain and the
middle of Yanshan Mountain. The medium suitability area is about
15.79× 104km2. This area is mainly distributed in the surrounding
area of high suitability and with a scattered dotted distribution in
the Yanshan Mountains. Moreover, the low suitability area is about
9.59× 104km2, mainly distributed in the marginal area connecting
the medium suitability and non-suitability areas (Figure 2a).

At present, there are six types of land use in the suitable habitat,
including forest, grassland, waters, cultivated land, construction
land, and unused land, of which the forest area is the largest,
about 30.46 × 104km2, accounting for 31.85% of the total
suitable area (Figure 2b). We used land use data to analyze
the forest landscape pattern and fragmentation in the suitable
habitat. A high fragmentation is found mostly at the edge of
the landscape (Figure 2c). Furthermore, seven landscape pattern
indexes increased or decreased year by year, showing a trend of
gradual fragmentation. From 1980 to 2020, NP and PD increased
by 6.36 and 5.97%; AREA_AM decreased 9.49% compared with
1980; SHAPE_AM decreased from 44.636 to 40.467; FRAC_AM
decreased from 1.280 to 1.275; DIVISION increased by 0.022,
2.48% higher than that in 1980; and AI decreased by 0.648, or 0.79%
(Figure 2d).

3.2. Habitat quality change of
P. amurense habitat

From 1980 to 2020, the forest, grassland, waters, and unused
land in the suitable habitat showed a downward trend, while
cultivated and construction land showed an upward trend. The
forest area decreased by 3.86% compared with 1980, mainly
converted to cultivated land and grassland (Figure 3C). Notely,
the conversion area gradually increased with the increase of years.
Moreover, cultivated land and construction land increased by 12.80
and 36.32% compared with 1980.
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FIGURE 2

Distribution, land type, landscape fragmentation, and index change of suitable habitat of P. amurense under current climate conditions.
(a) Distribution of suitable habitats of P. amurense under current climate conditions, of which abbreviations represents: GKM, Greater Khingan
Mountains; LKM, Lesser Khingan Mountains; NECBM, North Extended Branch of Changbai Mountain; ZGCM, Zhang Guangcai Mountains; CBM,
Changbai Mountains; LGM, Longgang Mountains; YSM, Yanshan Mountains. The distribution of mountain ranges has been improved from Wang
et al. (2004); (b) Land use types of current potential distribution; (c) The landscape connectivity of the forests in the current potential habitat of
P. amurense; (d) Change of landscape index of suitable areas in 1980, 2000, and 2020.

In the forest suitable for the survival and development of
population, the average value of habitat quality decreased from
0.53 in 1980 to 0.51 in 2020, showing a downward trend
(Supplementary Table 5). Among them, the area of high-quality
habitat showed a downward trend in the past 40 years. The area
of high-quality habitat in 1980 was about 29.43 × 104 km2, and
the area of high-quality habitat in 2000 and 2020 decreased by 4.23
and 5.30%. The medium and low-quality habitats area rose by 17.37
and 5.04% by 2020 (Figure 3B; Supplementary Table 5). Presently
(2020), the areas with the high-quality habitat of P. amurense
are mainly distributed in the central and southern parts of the
Greater Khingan Mountains, the Lesser Khingan Mountains, and
the forest areas of the Changbai Mountains. Moreover, the areas
with medium-quality habitat are mainly concentrated in the forest
landscape fringe. The areas with low-quality habitat are mainly
cultivated land, grassland, construction land, rural residential land,
waters, and unused land (Figure 3A).

3.3. Distribution changes under future
climate conditions

Compared with the current climate conditions, the suitable area
of P. amurense shows an increasing trend in the early stage of future

climate change (2030s and 2050s). However, it would gradually
decrease with the increase of years and carbon emissions in the
2070s and 2090s of high carbon emissions (SSP3-7.0 and SSP5-8.5).
In all climate scenarios, the suitable area of P. amurense was the
largest (68.25× 104km2) in 2050s-SSP3-7.0 scenario, and in 2090s-
SSP5-8.5 scenario, the total area of suitable area is the smallest
(46.59× 104km2). With carbon emission concentration increasing,
the high suitability area of P. amurense would decrease gradually,
while the low suitability area would gradually increase. Moreover,
this trend gradually increases over the years (Supplementary
Figure 1). Under 2090s-SSP5-8.5, the high suitability area would
shrink to the minimum (12.21 × 104km2), which decreases
by 59.22% compared with the current potential high suitability
area. Moreover, under 2090s-SSP2-4.5, the low suitability area
would expand to 19.49 × 104km2, with a change rate of 96.90%
(Supplementary Table 6). The changing trend of the medium
suitability area is the same as the total suitability area and the
minimum area under 2090s-SSP5-8.5, about 17.16× 104km2.

In the future, the suitable area would mainly expand to
the northwest of the Lesser Khingan Mountains, the north of
the Greater Khingan Mountains, and the Hulun Buir Plateau.
The suitable area would decrease mainly in the north of
Yanshan Mountains, the south of Changbai Mountains, and the
North extension branch of Changbai Mountain. These trends
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FIGURE 3

Habitat quality and land use change of current potential distribution of P. amurense. (A) The habitat quality of the current potential distribution;
(B) Change of habitat quality area of different levels in 1980, 2000, and 2020; (C) Conversion area of land use type in 1980, 2000, and 2020.

expand gradually with the increase of years and carbon emission
concentration (Figure 4; Supplementary Figure 2). Currently,
the geographical coordinate of the P. amurense suitable area’s
centroid is 127.04◦E and 44.97◦N. It is predicted that under
the 2090s-SSP3-7.0, the centroid would be shifted as far as the
hill region between the southern foothill of the Lesser Khingan
Mountains and the Songnen Plain (Supplementary Figure 3).
Among 16 future climate scenario combinations, the centroid
migration direction of suitable area is generally the same, and
all move to the northwest direction of high latitude (Figure 5;
Supplementary Figure 3). Meanwhile, with the increase of year
and carbon emission concentration, the elevation of the centroids
in the suitable area also increase gradually (Figure 5).

3.4. Main environmental variables
affecting the distribution of P. amurense
and their correlation with chemical
composition

Among the eight environmental variables, Bio04, Srad08,
Bio10, Bio11, Srad06, and Bio18 are the most important

environmental factors affecting the distribution of P. amurense
(Supplementary Table 7). The suitable ranges of the main
environmental factors in P. amurense are shown in Supplementary
Table 8. Among the suitable range of Bio04 is 1168.72 to
1617.71, the range of Srad08 is 15641.80 kJ·m−2·day−1 to
18968.08 kJ·m−2·day−1, Bio10 ranges from 16.74 to 23.24◦C,
Bio11 ranges from −20.70 to −6.44◦C, Srad06 ranges from
18276.53 kJ·m−2·day−1 to 22818.40 kJ·m−2·day−1, the lowest
value of Bio18 in this range is 294.63 mm and the highest value
is 563.24 mm. With the increase of year and carbon emissions,
climate factors in the current potential distribution would change
(Supplementary Figure 4; Supplementary Table 9). Under the
2090s-SSP5-8.5, Bio10, and Bio11 would increase significantly, and
the average value would increase by 5.43 and 7.39◦C, respectively.
Bio18 would increase slightly (+71.30 mm). While Bio04 would
decrease significantly, the average decrease from 1438.28 to 1350.45
(Figure 6).

The results showed that Berberine is positively correlated
with Bio18 and Srad10 (p-value < 0.01). The relationship model
between Berberine and environmental factors is established as
C = 0.4055 × Bio18 + 0.6277 × Srad10; Palmatine content
is positively correlated with Bio11 (p-value < 0.01), negatively
correlated with Srad08 (p-value < 0.01), and negatively correlated
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FIGURE 4

Spatial pattern changes of P. amurense under different climatic
scenario combinations.

with Srad10 (p-value < 0.05). Moreover, the relationship model
between Palmatine and environmental factors is established as
C = 1.9860× Bio11-0.5745× Srad08-1.3210× Srad10 (Figures 7C,
D; Supplementary Table 10). Currently, the spatial distribution of
Berberine and Palmatine contents in the bark of P. amurense is
shown in Figures 7A, B. The content of Berberine is higher in Hebei
Province, northern Beijing, Liaoning Province, and southern and
eastern Jilin Province. The content of Palmatine is higher in eastern
and southern Heilongjiang Province, northeastern Jilin Province,
and eastern and southern Liaoning Province.

3.5. Priority protection area and wild
tending area for P. amurense

The priority protection area under the influence of future
climate is about 7.66 × 104km2, accounting for 13.77% of the
current potential suitable area. The high and moderate protection
areas are about 1.91 × 104km2, and the high protection area
is mainly distributed in the southeast of the Lesser Khingan
Mountains, the middle of the Greater Khingan Mountains, and
the Zhangguangcai Mountains (Figure 8A). The area of existing
nature reserves in the P. amurense priority protection area is about
0.46 × 104km2, covering 6.01% of the priority protection area.
Specifically, the nature reserves in the low protection area are the
most, about 0.32 × 104km2. Moreover, the moderate and high
protection areas are about 0.08 × 104km2 and 0.07 × 104km2

(Supplementary Table 11). Among the existing nature reserves,
Red Pine Forest National Forest Park contains the largest area
of moderate protection areas. Jinlongshan National Forest Park
contributes the largest area of high protection areas. Furthermore,
Dabane Wetland National Nature Reserve has the largest low and
total protection areas (Figure 8C; Supplementary Table 12).

The wild tending area of P. amurense is mainly distributed
in the Changbai Mountain and Lesser Khingan Mountains, with
a small amount of distribution extending from the southern of
Lesser Khingan Mountain range to the southern of Changbai
Mountain Range and the central and southern of Greater Khingan
Mountains (Figure 8B). According to the results of the spatial
distribution of chemical constituents, the high-quality wild tending
area of P. amurense is mainly distributed in the south and east
of the Changbai Mountain. We analyzed the hot spots of high-
quality wild tending areas in the county-level administrative units
in China. The results showed 13 counties suitable for planning
high-quality wild tending areas, such as Fengcheng County and
Tonghua County (Figure 8D; Supplementary Figure 5).

4. Discussion

4.1. Main environmental factors affecting
the distribution of P. amurense and their
correlation with the content of chemical
components

The predictors related to temperature are the main factors
affecting habitat suitability for most tree species (Liu et al.,
2022). The results of this study showed that the most important
environmental factor affecting the distribution of P. amurense is
temperature seasonality (Bio04). Bio04 is an index to measure
the temperature change in a year and can represent the stability
of climate (O’donnell and Ignizio, 2012). Since the duration of
sunshine and the solar incidence angle do not change significantly
throughout the year, the seasonal variation of temperature in
tropical and temperate regions close to the equator is narrower
than that in subtropical or temperate regions, so the seasonal
variation in high latitude regions is obvious (Tagliari et al., 2021).
The potential habitat of P. amurense in China is mainly distributed
in high latitudes, which is also the reason for the high Bio04 value
(1168.72∼1617.71) in the current habitat of P. amurense.

Bio11, the mean temperature of the coldest quarter, is another
important environmental factor affecting the distribution of
P. amurense. In general, winter temperature affects trees’ growth
rate in the following year. If the temperature is too low this season,
the dehydration of protoplasm in the plant leaf cells or soil freezing
will cause tree roots to freeze to death. Consequently, it will reduce
photosynthesis in the next year and shorten the growth period
of trees, which is not conducive to the growth of trees (Yuan
and Li, 1999; Wang et al., 2003). Under climate warming, the
inter-seasonal temperature difference in the suitable growth area
of P. amurense gradually decreases, and the average temperature
in the coldest month gradually increases, leading to the warming
winter in the suitable area. The growing season of P. amurense
in the next year may be extended with decreasing inter-seasonal
temperature differences. Moreover, the prolonged growing season
will accumulate more energy for the individual growth of the next
year, which will accelerate its radial growth in the next growing
season. Therefore, the rising temperature will positively affect
survival and reproduction in the middle of this century. However,
the seasonal temperature in the suitable habitat will decrease from
1438.28 to 1350.45, whereas the average temperature in the coldest

Frontiers in Ecology and Evolution 08 frontiersin.org

https://doi.org/10.3389/fevo.2023.1186627
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/


fevo-11-1186627 May 15, 2023 Time: 14:54 # 9

Zhang et al. 10.3389/fevo.2023.1186627

FIGURE 5

Spatial changes of altitude and latitude of the suitable areas for P. amurense under future climate combination.

month will increase by 7.39◦C at the end of this century. It is
worth noting that when the temperature in winter is too high,
the respiration and metabolism of trees will be strengthened. The
consumption of nutrients stored in the body for the next year’s
growth will be accelerated, harming the next year’s growth and
population fertility of trees (Edwards and Hanson, 1996; Cherubini
et al., 1997). Therefore, the population of P. amurense will be
further threatened at the end of this century due to the gradual
increase of temperature increase in winter and the sharp reduction
of the area of high suitability area.

Bio10 and Bio18 are also the main environmental factors
affecting the distribution of P. amurense. Bio10 and Bio18 represent
the mean temperature and precipitation in the warmest quarter
of the year (O’donnell and Ignizio, 2012). The warmest quarter
in Northeast China is from June to September, which is also
the growing season of tree species in northern China (Li et al.,
2017). The increasing lowest temperature in the growing season
is conducive to extending the growth period of trees. During this

period, appropriate precipitation will accelerate the accumulation
of photosynthetic products and late growth (Liang et al., 2001).
By the end of this century, the temperature and precipitation in
the growing season in the suitable area will increase by 5.43 and
71.30 mm compared with the current. P. amurense needs sufficient
water in the growing season, and the more adequate soil moisture,
the better plant distribution (Huang et al., 2017). With the increase
of temperature in the growing season, when the precipitation is
appropriate, the negative impact of the decrease of forest soil water
content caused by the increase of temperature on P. amurense and
the positive demand of P. amurense for precipitation may reach a
balance in some cases. However, when the balance is destroyed, and
water stress is formed, it may limit the physiological and metabolic
activities and inhibit its radial growth. Therefore, the “warm and
dry” summer caused by climate warming will harm P. amurense
over time.

Solar radiation profoundly impacts plant growth, development,
and geographical distribution of species due to its different light
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FIGURE 6

Density maps of key environmental factors under different climate scenarios in the 2090s.

intensity, light quality, and light period in different times and spaces
(Li, 2017). Therefore, we included solar radiation factors in the
species distribution model in this study. The results showed that
these factors (Srad08, Srad10) are also important environmental
variables affecting P. amurense. Since there is no matching future
scenario with solar radiation data, in this study, solar radiation data
exists in the species distribution model as a static variable. Some
studies have pointed out that it is better or not worse to include
static and dynamic variables in the species distribution model
than to cover up or exclude static variables (Stanton et al., 2012).
Therefore, the solar radiation data in our species distribution model
improved performance for the present distribution. In conclusion,
in the future climate change, the main environmental changes
facing P. amurense population are warming in the cold quarter,
the decrease of the temperature difference between seasons, and
the warming and drying of the climate caused by the increase of
temperature in the growing season.

Population chemical characterization manifests plant intra-
specific diversity, which is significant for evaluating and utilizing
medicinal plant germplasm (Zhang et al., 2016). The formation
and accumulation of active components in P. amurense are
determined by its genetic characteristics and are closely related to
its surrounding ecological environment. Water and light factors
have the most extensive impact on the active components of
P. amurense (Zhang, 2015). The results of this study indicate that
the most important environmental factor affecting the content of
Berberine and Palmatine in P. amurense is solar radiation. The
content of Berberine increases with the increase of solar radiation,
while the content of Palmatine decreases with the increase of
solar radiation. As Berberine is not the final product of secondary

metabolism, it will be further converted into Palmatine and
Jatrorrhizine (Gao et al., 2009; Huang et al., 2017), which makes
the content of Berberine and Palmatine as well as the Jatrorrhizine
present a complementary state, which may be the reason for this
phenomenon. In addition to solar radiation, the environmental
factor that affects the content of Berberine is precipitation,
with a significant positive correlation between its content and
precipitation. Another environmental factor that affects the content
of Palmatine is temperature, which has a significantly positive
correlation with temperature. Through constructing the spatial
distribution layer of chemical components, we found that the areas
with a high accumulation of active components of P. amurense
are northeast Liaoning and southeast Jilin. This area is south of
the current distribution, with sufficient light, warm temperature,
abundant precipitation, and high annual active accumulated
temperature. These results will provide a theoretical basis and
important reference for the layout of production areas.

4.2. Spatial transformation
characteristics of habitat of P. amurense
under climate change scenario

In this study, Biomod2 is used to predict the P. amurense in
China, and the results are consistent with most studies. It shows
that the suitable habitat of P. amurense is mainly distributed in
northeast China (Zhu, 1989; Chen, 2011). Our results showed
that the Greater Khingan Mountains and the Yanshan Mountains
in northern Hebei are only partially distributed, and Shandong,
Shanxi, and Henan provinces are not distributed. It is worth noting
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FIGURE 7

Correlation and spatial distribution of chemical composition and environmental factors of P. amurense; (A) Berberine spatial distribution;
(B) Palmatine spatial distribution; (C) Correlation between Berberine content and environmental factors; (D) Correlation between Palmatine content
and environmental factors. ***, **, and * represent the significance level of 1%, 5%, and 10% respectively.

that these results are not completely consistent with the results
predicted by Huang et al. (2018). They were using the MaxEnt
model. The Biomod2 model uses a variety of modeling techniques
and integrates the results obtained by each method, which can
reduce the deviation caused by the instability of a single model
and can more accurately predict the range of suitable habitat of
P. amurense (Araújo and New, 2007; Goldsmit et al., 2020).

In the future climate scenario combination, except for the
2090s-SSP5-8.5, the suitable area of P. amurense shows an
increasing trend compared with the current. However, the
increasing range of area decreased yearly with the increase of
carbon emissions. Spatially, the change in the suitable area of
P. amurense is consistent with most species’ migration direction (Li
et al., 2019), and the general distribution area gradually moves to
the northwest high latitude and high altitude area. In the future, the
suitable area of P. amurense will expand to the northern forest of
China, mainly located northwest of the Lesser Khingan Mountains
and north of the Greater Khingan Mountains. The temperature
difference between day and night in the expansion is large, and the
extreme temperature can reach below −40◦C (Ma, 2021), which

exceeds the semi-lethal temperature of the isolated branches of
P. amurense. Therefore, this region is not suitable for the growth
of P. amurense. Projections of future climate scenarios indicate
that northern forest temperatures will change more dramatically
than the global average trend, with winter temperatures in northern
forests projected to increase by 40% over the global average by
2,100 (Han and Wang, 2016). As the temperature rises, similar
climatic conditions will be formed in this region as in the current
P. amurense growing area. The current potential distribution of
P. amurense is in the subhumid and humid regions. Under different
combinations of future climate scenarios, the expansion is also
in subhumid and humid regions. The soil moisture content in
the expanded regions could still meet the growing demand for
P. amurense. Therefore, the temperature change is the main reason
affecting the dynamic change of distribution pattern of P. amurense.

The disappearance area of the suitable habitat is mainly
distributed in the north of Yanshan Mountains and the south
of Changbai Mountains. This region is mainly located in the
subhumid region and the border region between subhumid and
humid in northern China. Under future climate change, most of the
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FIGURE 8

Prediction results of P. amurense reserve and wild tending. (A) Distribution of priority protection areas; (B) Distribution of different quality wild
tending areas; (C) The area of each grade of priority protection areas within the existing nature reserve; (D) Hotspots analysis at the county level in
high-quality wild tending areas.

humid areas in northern China will be transformed into subhumid
areas, the overall humid areas will shrink, and the subhumid and
semi-arid areas will expand to the east (Ma et al., 2019). The
warm and dry climate will reduce the moisture of surface soil and
increase evaporation, resulting in a decrease of climate moisture
index and not conducive to the absorption of soil fertility by plant
roots (Michaelian et al., 2011; Peng et al., 2011). The area in the
subhumid and the suitable area’s boundary are no longer suitable
for P. amurense due to this climate. Therefore, warming and drying
caused by global warming is the main reason for reducing the
suitable area of P. amurense.

In addition to temperature limiting plant growth, poor soil and
nutrition also limit plant growth (Lafleur et al., 2010). In the global
warming, the permafrost in the Greater Khingan Mountains and
Lesser Khingan Mountains in Northeast China has experienced
significant warming and degradation (Jin et al., 2009). In the 21st
century, the active layer thickness of permafrost in the northern
forest area may increase by 5∼30 cm every 10 years (Hayes et al.,

2014). This phenomenon will accelerate the release of permafrost
nutrients and promote the decomposition of soil organic matter,
thus improving the barren soil and nutrient deficiency (Han and
Wang, 2016). Therefore, we speculated that the increase in soil
nutrients provides the basis for migration. It is worth noting that
the temperature and soil temperature in the northern forest area
shows contradictory responses to climate change based on the
complexity of interactions between soil, landscape factors, and
climate change. The sensitivity of this region to temperature is
far greater than that of other biotas. With climate warming, the
structure and function of the northern forest ecosystem tend to
deteriorate, and its composition tends to be simple (Hennon et al.,
2012). Therefore, in the future, we should strengthen the study of
P. amurense population, community, landscape, and other aspects
with multi-method and multi-scale coupling. At the same time,
long-term field positioning observation and indoor simulation
experiments are combined to increase the accuracy of model
inference.
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It is worth noting that the complete ecological niche models
should be more reliable, because they are calibrated with a much
higher number of presences and capture a much wider range
of occupied environmental conditions (Pearson et al., 2004).
However, without enough bias-free regional data, we cannot
objectively identify the actual improvement of regional models
after incorporating information from the global niche (El-Gabbas
and Dormann, 2018). Through the network database and literature
review, since the middle of the 20th century, the occurrence
data of P. amurense outside the study area (China) is very little.
And in the record of the literature, there are still areas [Korea
(Democratic People’s Republic of)] did not search the occurrence
data. Meanwhile, SDM that rely on regional-scale environmental
variables will play a key role in forecasting species occurrence in
the face of climate change (Requena-Mullor et al., 2019). Therefore,
this article has conducted a regional species distribution modeling
based on China as the research scope, which can still provide
a reasonable explanation for the distribution pattern of suitable
habitats for P. amurense in China in the context of climate change.

4.3. Impact of habitat and landscape
pattern changes on the distribution of
P. amurense

There are two main forms of habitat fragmentation: (1)
Morphological fragmentation is caused by the reduction of habitat
area and the enhancement of edge effect caused by human activities.
Habitat fragmentation leads to habitat fragmentation of species. (2)
Ecological function fragmentation is caused by the reduction of
species’ adaptability to habitat due to climate change (Ran et al.,
2019). From 1980 to 2020, the forest landscape area in the suitable
area of P. amurense was gradually transferred to cultivated land,
grassland, construction land, and unused land. Cultivated land
was the main transfer direction, and the area increased yearly. In
addition, with the decrease in forest area, the habitat quality of
P. amurense decreased year by year, and fragmentation gradually
intensified. It can be seen that the main reason for habitat quality
and pattern changes in the past 40 years is human activities.

Interannual changes in climate are normal. Even in the absence
of long-term climate change, most species tolerate such short-
term climate changes by changing the functional shape of plants
through climate-related genetic variation in natural populations
(Fridley and Grime, 2010; Wang et al., 2020). For plants, better
interspecific gene exchange can improve adaptability, increasing
species and population size (Reed and Frankham, 2003; Wan et al.,
2014). Habitat fragmentation will affect genetic drift, intensify
inbreeding and reduce the gene flow of the population, thus posing
a threat to the population, as well as affecting the number of species
in the community and the ability to cope with environmental
disturbances such as outbreaks of pests and diseases and extreme
weather events (Jump and Peñuelas, 2005). P. amurense population
has low genetic diversity and no obvious genetic pattern (Wang
et al., 2014). As a traditional Chinese medicine, the bark of
P. amurense has been cut down and peeled for a long time, resulting
in the gradual fragmentation of its habitat, the gradual reduction
of the population size, and the formation of small, isolated
populations. The smaller population and lower population density

will not only reduce the genetic variability of P. amurense, which
may lead to more and more obvious genetic drift and inbreeding
decline, but also bring inconvenience to insect pollination, resulting
in small gene flow among P. amurense populations (Yan et al.,
2006). The size of plant gene flow largely depends on how the
plant reproduces and how the propagules move. For seed-mediated
gene flow, pollen gene flow is dominant, and the dispersal and
distribution mechanism of plant pollen is an important factor in
determining the genetic structure between populations, among
which wind-pollinated plants have higher gene flow than animal-
pollinated and self-pollinated plants (Wen et al., 2010). As an
insect flower, the gene flow of P. amurense is small. In addition
to genetic drift and gene flow, the breeding system also greatly
impacts genetic diversity. After maturity, P. amurense seeds mostly
fall around the mother. However, allelopathic substances that exist
in the peel and fallen leaves of mother plants can effectively inhibit
seed germination (Zhang et al., 2011; Dai et al., 2012). Moreover,
the plant community has high shade, many fallen leaves on the
ground, and a deep dormancy mechanism. These factors restrict
germination and the growth of seedlings. At the same time, the
genetic information carried by seeds has a slow transmission speed
and a long transmission period, which reduces the gene exchange
frequency and decreases genetic diversity in the wild population
(Wang et al., 2014). Therefore, the reduction of genetic diversity
in the population of P. amurense may reduce the population’s
tolerance and recovery ability under the interference of future
climate change.

However, for both individuals and species, adaptation to
environmental changes through phenotypic plasticity is limited.
Moreover, changes in the distribution of species are inevitable when
climate change exceeds what plants can tolerate (Bradshaw, 1965;
Bradshaw and McNeilly, 1991). As the climate warms, individuals
in the population may move to higher altitudes and latitudes to
respond to the movement of its best climate (Jump and Peñuelas,
2005). Migration usually occurs across the species range in the form
of propagules and pollen dispersal rather than simply due to the
expansion and contraction of range edges (Davis and Shaw, 2001).
The long-distance transmission of the seeds of P. amurense mainly
depends on fruit-eating animals, but habitat fragmentation will
reduce the diversity of fruit-eating animals. In the past 40 years, the
forest land in the suitable habitat has been gradually fragmented.
If not controlled, the suitable habitat will be seriously fragmented
in the future, which will not be conducive to the spread of seeds
and pose a threat to the survival of the population. Therefore, if
the reduction degree and fragmentation degree of the habitat area
of P. amurense is further intensified in the future, a few individuals
can survive in the landscape for a long time. However, it will lose the
ability to maintain a stable population, which may form the “living
dead population” (Chen et al., 2022).

The main causes of species endangerment are habitat
destruction, environmental pollution, habitat degradation, and
overuse of biological resources (Lande, 1988). With the increase
in economy, urbanization, and agricultural development, human
development and utilization of the land gradually occupy a leading
position. If we continue to develop the land according to the trend
of land use change in the past 40 years, the habitat of P. amurense
will be seriously destroyed at the end of this century. In addition,
without human intervention, it is very difficult to form seedlings
and increase the population of individuals since the natural habitat
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is not conducive to the self-renewal of the P. amurense population.
Therefore, it is suggested to focus on forest vegetation restoration
projects and identify priority protection areas and high-quality
wild tending areas in P. amurense suitable areas. These actions can
better protect the wild resources and reasonable development and
utilization.

4.4. Priority conservation area and
high-quality wild tending area of
P. amurense

As an important tree species for traditional Chinese medicine,
P. amurense is threatened due to its extensive and illegal harvest (Yu
et al., 2013; Wan et al., 2014). In the past 20 years, the destruction of
wild resources of P. amurense has been restrained to a certain extent
due to the change in the national forest management mode and
the strengthening of the protection of endangered species (Zhang
et al., 2016). However, our results showed that upper climate change
would seriously threaten the distribution of P. amurense in the
absence of anthropogenic disturbance. Moreover, its population
renewal ability is weak, which is not conducive to the improvement
under threat (Zhang et al., 2016). These troubles may lead to
the shortage or loss of local medicinal resources of P. amurense.
Wild cultivation is an effective way to solve the gap between the
supply and demand of medicinal plants. However, a major premise
of medicinal plant cultivation is to ensure high-quality medicinal
materials (Shen et al., 2021). Given this, it is important to integrate
climate change and land use landscape patterns for planning
suitable protection areas and wild tending areas of P. amurense.

Based on climate change and landscape patterns, this study
determined the priority protection area of P. amurense in China.
Although there are some national and provincial nature reserves
within the range of P. amurense suitable area, our results showed
that the existing reserves only contain 6.01% of the priority
protection area under future climate change. There is still a large
area that has not yet been protected. Among the existing nature
reserves, Jinlong Mountain National Forest Park has the largest
area of high protection areas. The climate conditions are highly
suitable and will not change significantly in the next century, and
the species will be less affected by climate change in the reserve.
Therefore, in this century, Jinlong Mountain National Forest Park
may contribute to the protection of P. amurense. We believe that
the protection of P. amurense should be carried out in the southern
part of the Lesser Khingan Mountains and the northern part of the
Changbai Mountains. There is no potential climate pressure under
future climate, and the forest is relatively concentrated, which is
conducive to gene exchange between the populations.

Phellodendron amurense can be harvested after planting for 10–
15 years (Yan et al., 2013). According to China’s national policy, it is
forbidden to plant perennial woody medicinal materials and trees
on cultivated land. Therefore, to promote the protection, recovery,
and sustainable utilization of the population, it is necessary to
carry out the related work of wild tending of P. amurense.
The wild tending of traditional Chinese medicine achieves the
coordinated development between producing medicinal materials
and protecting the ecological environment. In this way, the
sustainable renewal of the tending population of traditional

Chinese medicine can better protect the rare and endangered
medicinal materials and their biodiversity (Chen et al., 2004). In
addition, the wild tending area is the original environment, with
less human interference and far away from pollution sources,
providing high-quality wild medicinal materials for medical
treatment. At the same time, wild tending makes full use of
the natural growth characteristics, reducing the cost of manual
management and obtaining high returns with low investment. With
wild tending being accepted and related research being carried out
one after another, a new mode of ecological industry of traditional
Chinese medicine will be opened.

This study plans a high-quality wild tending area based on
the current forest area in high suitability of P. amurense and the
distribution information of effective chemical components. In this
way, we can effectively avoid the waste of investment caused by
blind planting. According to the planning results, we put forward
the following suggestions. (1) High-quality wild tending areas are
mainly distributed in the south and east Changbai Mountain. It
is important to note that most of this area is at high risk for
habitat loss. Therefore, it is suggested to collect wild germplasm
and evaluate its diversity. (2) The cultivation of P. amurense in the
planned high-quality wild tending area should be combined with
local policies, especially with the policies designated at the county
level. Besides, integrate the ecological, economic, and social benefits
of the mountain areas, and strengthen the establishment of the wild
cultivation medicine base. These protective actions can regulate
people’s habit of plundering and digging wild medicinal materials
and strengthen the protection of biodiversity and the ecological
environment. Furthermore, the contradiction between resources
and supply-demand, population renewal, ecological protection,
and biodiversity of P. amurense will be effectively solved. At the
same time, it is also necessary to strengthen the research on the
base management mechanism and other aspects to ensure smooth
operation and achieve the purpose of nurturing. (3) Mastering
the basic characteristics of the growth and development of wild
traditional Chinese medicine is the basis for determining their
wild tending methods, reproduction, and growth. Moreover, the
development and population renewal of the tending medicinal
materials are affected by various environmental factors (Chen
et al., 2004). Therefore, it is necessary to strengthen the research
on developmental biology, population ecology, and wild tending
methods of P. amurense. In the wild tending plan of P. amurense,
the environmental factors that affect the content of its chemical
components and their future changes should be emphatically
considered so that the planned wild tending area of P. amurense has
timeliness. (4) Strengthen the research on the possibility of other
organs of P. amurense to be used as medicine, and change the single
way of using the medicine. It is the fundamental way that solves
the contradiction between protecting and utilizing P. amurense
resources.

5. Conclusion

In the analysis of the change of the distribution range of
P. amurense under the future climate in China, although climate
warming will gradually reduce the area of the suitable habitat
and move to the northwest, there is still a climate-stable area
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suitable for the growth of P. amurense. In the past 40 years,
the habitat quality of the suitable habitat of P. amurense has
decreased year by year, and the natural habitat has shown a trend of
gradual fragmentation. Based on the above reasons, we constructed
a protection framework for the rare and endangered medicinal
material–P. amurense. (1): The forest areas in the middle of the
Greater Khingan Mountains and the Lesser Khingan Mountains are
climate-stable areas. Therefore, this area is regarded as the priority
protection area of P. amurense to prevent the resources from
being seriously damaged, even facing the crisis of extinction by
climate change and human activities. (2): Based on the correlation
between the content of chemical components and environmental
factors, the wild tending areas of P. amurense were planned. Wild
tending not only restores and increases the population, improves
the habitat environment, and enriches the genetic diversity of
the population but also ensures the sustainable utilization of wild
medicinal plant resources, maintains the balance between the
utilization of wild medicinal plants and the protection of the
ecological environment, and realizes the harmonious coexistence
of human and nature. This work is a targeted proposal for the
protection of P. amurense and provides a reference method for
the protection and utilization of other rare and endangered wild
medicinal species. In the future, we will pay more attention
to the long-term monitoring of environmental factors in the
high suitability of the P. amurense population. Consequently,
obtaining high-quality modeling parameters can provide a more
scientific and accurate theoretical basis for protecting P. amurense.
We conducted in-depth biological research on P. amurense and
formulated reasonable and scientific wild tending methods in line
with the policy prohibiting “non-grain cultivation” of cultivated
land in China. Our results can alleviate self-renewal obstacles of
the P. amurense population, effectively improve its ecological and
economic value, and meet the rigid growth demand for high-
quality traditional Chinese medicinal materials in the era of the
global health economy.
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