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Abstract

A fundamental concept in ecology and conservation is understanding the association between the environmental
conditions of plant and their geographical distribution. MaxEnt modeling and ArcGIS were used to estimate the potential
habitat of China’s endangered species, Cycas sexseminifera, using 41 verified distribution records and eight specific
environmental factors. The significant factors influencing the possible distribution of C. sexseminifera were assessed and
evaluated using the jackknife statistical method in combination with percentage contribution and permutation importance. The
possible range of the species was determined using the response curves of critical bioclimatic factors. The simulation accuracy
of the generated MaxEnt model was validated to be excellent (AUC = 0.997). The provinces of Guangxi, Yunnan, Guangdong,
Sichuan, Hainan, Fujian, and Taiwan contain most of the current core potential distribution areas, indicating a significant inter-
regional difference. The distribution area of C. sexseminifera was most significantly influenced by the annual mean
temperature (Biol), precipitation of the driest month (Bio14), and minimum temperature of the coldest month (Bio6). The
results could provide scientific direction to enhance the management and preservation of this vanishing species.
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Introduction

Climate change is a decisive factor affecting the plants'
vegetation type and spatial distribution pattern, especially
the frequent occurrence of extremely high temperatures and
droughts (Dyderski et al., 2018; He et al., 2023). It
represents a direct threat to plant survival. It induces changes
in related environmental factors, thereby exposing species to
the risk of extinction, disrupting regional biodiversity and
ecological security patterns and reducing ecosystem
functions (Thapa et al., 2018). Therefore, these organisms
must adapt to novel conditions or shift their geographic
distributions (Thapa et al., 2018; Feeley et al., 2020).

Climate change mainly regulates various physiological
processes of plants by altering the energy and water provided
by temperature and rainfall (Graham et al., 2019). Intense
climate change in a short period may shift the range of natural
species, especially those with weak adaptability, poor
dispersal ability, limited geographical location, and/or
endemic species, which are on the brink of extinction due to
their inability to adapt to unusual climate conditions (Cuena-
Lombraia ef al., 2018; Kouhi & Erfanian, 2020). Moreover,
the spatial and temporal variations in climate change may
significantly impact plant recruitment, physiological
processes, soil characteristics, plant diseases, plant
interactions between ecosystems, functional structures, and
characteristics of forest ecosystems (Hebbar et al., 2022).
Therefore, evaluating the influence of climate change on the
range of habitats for endangered species and identifying the
primary environmental factors may minimize the possible
threat of extreme conditions to endangered species' habitats,
which is crucial for the preparation and storage of germplasm
resources for endangered species, in the context of increasing
global warming (Nguyen ef al., 2021; Lippmann et al., 2019).

Species distribution modeling, such as MaxEnt, Garp,
Bioclim, and Climex assesses the present and possible suitable
distribution regions of a given species by integrating
information from known distribution samples and
environmental factor data (Soilhi ef al., 2021; Khan et al.,
2022). The impact of multiple environmental factors in
restricting the spatial distribution of species can be elucidated
via the development of the model, which enables the
assessment of changes in suitable habitats globally in response
to present and future climatic predictions (Choi & Lee, 2022).
The MaxEnt model is the most widely used in species
distribution modeling. It predicts species distribution using the
maximum entropy method and species incidence data to
estimate the probability of species occurrence in unknown
areas (Boral & Moktan, 2021). The MaxEnt model combines
latitude and longitude data of known species distribution
regions to assess habitat suitability by integrating interactions
among variables, including height, soil, and vegetation type
(Wang et al., 2023). Further, it has the advantages of
supporting multiple variables, short computing time, simple
operation, stable computing results, and small sample size
requirements (Asanok et al., 2020; Tang et al., 2021). Despite
its limited geographic information and restricted distribution
range, it is widely employed in predicting distribution habitats
of endangered species (Huang et al., 2020).

Cycas sexseminifera F. N. Wei is classified as one of the
world's oldest extant seed plants. It survived under
environmental variations, climate fluctuations, and intense
tectonic activity. However, due to severe habitat destruction
and long-term large-scale poaching, the population of C.
sexseminifera is sharply decreased. Recently, the wild
population of C. sexseminifera occurs sporadically throughout
the crevices of low altitude limestone mountains in of
Guanggxi, Southwestern China. There are not many male and
female plants of C. sexseminifera at flowering age in each
population (only 2 to 3 plants), and only a few plants can
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bloom and bear seeds every year, resulting in a low fruiting
rate (Zheng et al., 2017). Therefore, it has been classified as a
first-level protected species and is listed among National Key
Protected Wild Plants in China. Presently, studies on this
species are limited, particularly about its habitat-forming
factors and geographical distribution.

A distribution and habitat assessment of C.
sexseminifera was carried out using Maxent modeling and
ArcGIS, combined with high-resolution environmental data
for present and potential climate scenarios, and abundance
records of the species. The main objectives of the present
study were as follows: (1) to identify the primary
determinants that spatial distributions of C. sexseminifera in
China; (2) to determine whether environmental variables are
associated with a potentially suitable distribution pattern;
and (3) predict the habitat suitability of C. sexseminifera in
light of current climatic scenarios. The results can enhance
our understanding of the species distribution patterns and
ecological adaptation of C. sexseminifera to climate change.
The findings can also provide a theoretical foundation and
guidance for the sustainable development usage and
conservation of C. sexseminifera.

Material and Methods

Data collection on species occurrence: Records of C.
sexseminifera were collected from various sources,
including the Global Biodiversity Information Facility
(https://www.gbif.org), National Specimen Information
Infrastructure (http://www.n-sii.org.cn), Chinese Virtual
Herbarium (http://www.cvh.ac.cn), Plant Photo Bank of
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China (http://www.Plantphotophoto.cn), China National
Knowledge Infrastructure (https://www.cnki.net), and field
survey data from the forestry management department.
Sample points were chosen based on their accurate Latin
names and precise latitude and longitude locations, and
inaccurate geocoded data or duplicate information was
removed. There were 41 authentic occurrence records of C.
sexseminifera included in this study.

The precise geographic distribution point longitude
and latitude values were acquired from ArcGIS (10.8).
After this, the whole point data was uploaded into Excel
database and transferred to CSV format based on the
specifications of the MaxEnt model (Fig. 1).

Selecting environmental variables: The species distribution
models used 19 bioclimatic variables derived from the
WorldClim database (http://www.worldcli-m.org) with a
spatial resolution of 30 arc seconds (~ 1 km) for the current
period (Table 1). All variables' percent and permutation
impact on the preliminary model results were evaluated via
the jackknife test to identify the most critical ecological
components for modeling. A Pearson Correlation Coefficient
(r) test was used to assess multicollinearity. Variables with
correlation coefficients (r) less than 0.8 were considered for
retention, whereas those with low contributions and high
correlations correlation (r>0.80) were excluded (Chi et al.,
2023). After excluding some variables and analyzing the
contribution percentage (%) of all bioclimatic variables
compared to the baseline model, 8 out of 19 were selected as
evaluator variables for constructing the MaxEnt model for C.
sexseminifera regional distribution in this study.
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Fig. 1. The images depict the original area of distribution (white circles) of Cycas sexseminifera in the Guangxi provinces of southwestern China.
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Table 1. The environmental variables included during the model development. A total of 8 variables selected for
the MaxEnt modeling study were denoted by their codes in bold font.

Code Environmental variables Unit
Biol Annual mean temperature °C
Bio2 Mean diurnal range (mean of monthly (maximum temp-minimum temp)) °C
Bio3 Isothermality (Bio2/Bio7) (*100) -
Bio4 Temperature seasonality (standard deviation*100) °C
Bio5 Maximum temperature of the warmest month °C
Bio6 Minimum temperature of the coldest month °C
Bio7 Temperature annual range (Bio5-Bio6) °C
Bio8 Mean temperature of the wettest quarter °C
Bio9 Mean temperature of the driest quarter °C
Biol0 Mean temperature of the warmest quarter °C
Bioll Mean temperature of the coldest quarter °C
Biol2  Annual precipitation mm
Biol3 Precipitation of the wettest month mm
Biol4 Precipitation of the driest month mm
Biol5 Precipitation seasonality (coefficient of variation) -
Biol6 Precipitation of the wettest quarte mm
Biol7 Precipitation of the driest quarter mm
Biol8 Precipitation of the warmest quarter mm
Biol9 Precipitation of the coldest quarter mm

Model simulation: The models were developed and assessed
using C. sexseminifera occurrence data and § environmental
variables entered the Maxent software for modeling species
niches and distributions (Version 3.4.0, http://www.cs.
princeton.edu/wschapire /Maxent/). The relative significance
of different environmental variables was determined using the
Jackknife method, which involved calculating the area under
the curve (AUC) gains for training, testing, and three scenarios
(no, one and all variables) (Wu et al., 2021). The accuracy of
the simulation results was then evaluated via the AUC in
conjunction with the receiver operating characteristic curve
(ROC), which served as an analytical method for the model
accuracy test. The AUC value varied between 0.5 and 1. A
higher value signified a more pronounced independence of the
geographic distribution of the simulation object from the
random distribution. Therefore, a strong association was
observed between the simulation outcome and the
environmental variables; thus, a higher AUC value
corresponded to a more accurate model (Wang et al., 2023;
Wei et al., 2018). Excellent (0.9 to 1.0), good (0.8 to 0.9), fair
(0.7 to 0.8), poor (0.6 to 0.7), and fail (0.5 to 0.6) are the
performance classifications applied to the AUC statistic
(Sarma et al., 2022).

The ASCII file from MaxEnt was loaded into ArcGIS
10.8 and turned to raster format via the Arc Toolbox
conversion tool. It was then used to classify and graphically
represent the distribution region of C. sexseminifera within
a 0-1 range (Zhang et al., 2021). The potential habitat
suitability for C. sexseminifera was divided into 4 groups:
poor (<0.2), fair (0.2 to 0.4), good (0.4 to 0.6), and
excellent (>0.6).

Results

Model performance evaluation: The observed omission
rates in the model were comparable to the predicted

omission rates in the training data, indicating that the data
were accurately adjusted. Both the test and training data
were also unique (Fig. 2a). The reconstructed MaxEnt
model yielded an AUC value of "excellent" (mean=0.997,
Fig. 2b), significantly exceeding the AUC value of the
randomly predicted model (0.5). This suggested that the
predictions were more accurate and could effectively
represent the distribution areas of C. sexseminifera under
current climate scenarios.

Critical environmental factors and results validation
for modeling: The impact of different environmental
factors was evaluated on the MaxEnt prediction model. The
results showed that Biol and Biol4 were the two most
influential variables, contributing 39.1% and 25.1%,
respectively (Table 2). The permutation critical analysis
revealed that Bio6 had the most significant impact on the
habitat model, representing 48.9% of the contribution
(Table 2). The primary bioclimatic variables that
significantly influenced the MaxEnt prediction model were
Biol, Biol4, and Bio6.

The estimation of the contribution of each
bioclimatic variable to the distribution of C.
sexseminifera was carried out using the jackknife test.
This estimation was based on the performance of the
MaxEnt prediction model for the suitable habitats of C.
sexseminifera worldwide. The highest gains in AUC, test,
and regularized training were observed for Bio6 and Biol,
as shown in the test with only variable results (Fig. 3).
This indicates that these bioclimatic variables are crucial
for understanding the distribution of C. sexseminifera; the
longer the bar, higher the significance of the bioclimatic
variable for the species distribution. Collectively, the
findings from the jackknife analysis suggested that Biol
and Bio6 were the primary bioclimatic factors influencing
the distribution of C. sexseminifera.
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Fig. 2. Evaluation of the model predicting C. sexseminifera distribution using (a) omission rate and (b) ROC curve.
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Fig. 3. Comparative predictive value of the 8 environmental
variables in MaxEnt models, based on the jackknife test of
regularized training gain, test gain, and AUC.

The MaxEnt response curves, which depicted the link
between environmental variables and species' existence,
showed that environmental stresses affect the incidence of
target species (Fig. 4). The response curves for three
bioclimatic variables revealed the optimal value range for
their corresponding parameters. Among these, the
minimum temperature range for the coldest month (Bio 6)
was 6 to 10°C. At these temperatures, the possibility of C.
sexseminifera prevalence increased from 6 to 10°C and
reduced from 10 to 14°C. The possible presence of C.
sexseminifera rose from 18 to 22°C and dropped from 22
to 25°C within the optimum Biol. Figure 4 displays that
the probability of C. sexseminifera presence decreased
from 21 to 28 mm, corresponding to the optimal
precipitation range during the driest month (Bio14).

Estimating the optimal habitats for C. sexseminifera in
China: Considering current climate conditions, the
MaxEnt prediction model was employed to predict the
possible habitats suitable for C. sexseminifera. The
findings indicated that the regions most suited to the
present climate were Guangxi, Yunnan, Guangdong,
Sichuan, Hainan, Fujian, and Taiwan (Fig. 5). The total
suitable area was 134.761x10*km?, occupying 14.038% of
the whole area of China (960x10* km?). The respective
regions suitability habitats were classified as poor
(129.220x10*km?), fair (3.063x10*km?), good (1.736x10*
km?), and excellent (0.742x10*km?) were measured (Table
3). The ideal suitable habitats were located in Guangxi,
Taiwan, Fujian and Yunnan with areas of 0.615x10* km?,
0.106x10* km?, 0.019x10* km? and 0.002x10* km? (Table
3). However, there were no distribution records in the
studies of Yunnan, Guangdong, Sichuan, Hainan, Fujian,
and Taiwan. The current possible distribution size of C.
sexseminifera is substantially larger than its actual presence
in China, suggesting that this vulnerable plant will increase
its biogeographic range to cover the potential region.

Discussion
The present study was the first to use MaxEnt

modeling to assess the suitability of C. sexseminifera in
China and determined the key environmental variables
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influencing habitat suitability. The modeled suitability
habitat of C. sexseminifera in China was performed with an
AUC 0.997 (Fig. 2), indicating highly accurate model
performance. Other studies have suggested that AUC
values over 0.75 could be useful and suitable for assessing
the efficiency of a niche model (Gebrewahid et al., 2020).
The results also demonstrated that the MaxEnt model could
study the link between changes in the habitat and climate
of C. sexseminifera and provide guidance for field
investigations and the protection of endangered species.
Environmental conditions are intricately linked to
the spatial distribution of plants, with temperature being
a significant determinant of the regional-scale
geographical distribution of plants (Cotrina-Sanchez et
al., 2021; Boogar et al., 2019). The percentage
contribution result in the Maxent model indicated that
Bio6 and Biol were the most influential temperature
variables on the geographic distribution of C.

sexseminifera (Table 2; Fig. 3). The formation and
distribution of organic matter are also influenced by
temperature, photosynthesis, respiration, and
transpiration, all plant metabolic processes (Moore et al.,
2021). Low temperatures can impede the hydrolysis and
transportation of starch stored within the chloroplasts,
thus reducing the rate of photosynthesis (Khalil et al.,
2021; Ikkonen ef al., 2018). This is due to the sensitivity
of many aspects of photosynthetic metabolism to
temperature. In contrast, as the temperature rises, the rate
of photosynthetic activity increases until it reaches a
thermal optimum, at which point enzyme inactivation
reduces both electron transfer rate and chlorophyll
content (Prasad and Djanaguiraman, 2011). Moreover,
premature freezing injuries to plants occur due to the
minimum temperature decrease during the coldest month.
Furthermore, plants at the distribution limit may die due
to prolonged low temperatures (Harsch et al., 2016).

Table 2. The percentage contribution and permutation importance levels of the 8 environmental variables in the
MaxEnt models, organized by their contribution percentage.

Code Bioclimatic variable

Percent contribution Permutation importance

Biol Annual mean temperature

Biol4 Precipitation of the driest month

Biol5 Precipitation seasonality

Bio6 Minimum temperature of the coldest month
Biol2 Annual precipitation

Bio9 Mean temperature of the driest quarter
Bio7 Temperature annual range

Biol3 Precipitation of the wettest month

39.1 8.6
25.1 115
15.4 10.5
10.1 48.9
6.0 2.6
2.7 0.8
1.6 16.5
0.1 0.8

Table 3. Predicted suitable areas for C. sexseminifera under the climate in various provinces or autonomous
regions (10* km?). The ratio represents the calculated total area as a percentage of the overall

land area of the province or autonomous region.

Province or Predicted suitable area ratio
autonomous region Poor Fair Good Excellent

Guangxi 17.342 1.691 1.389 0.615
Taiwan 3.050 0.128 0.076 0.106
Fujian 10.970 0.141 0.116 0.019
Yunnan 33.762 0.427 0.071 0.002
Guangdong 15.398 0.500 0.083 0.000
Hainan 2.964 0.148 0.000 0.000
Sichuan 45,734 0.028 0.000 0.000

Based on the findings, precipitation during the driest
month (Biol4) was identified as the primary determinant
influencing the possible distribution of C. sexseminifera. This
outcome can be attributed to C. sexseminifera's prolonged

adaptation to the specific environmental conditions of the area.

The available distribution data indicates that the endangered
plant is predominantly observed in karst environments
characterized by inadequate surface disposal and sporadic
small soil pockets interspersed among numerous rock
outcrops. A significant quantity of soil water is evaporated

during bright, heated summer days (Wang et al., 2023).
Therefore, adequate precipitation during the driest season can
substantially increase the moisture content of the soil,
enabling it to sustain normal physiology and transpiration
while fostering an optimal environment for the development
and maturation of fruits (Gebrewahid et al., 2020). However,
an overabundance of water in the soil may disturb the delicate
water balance that plants necessitate, impeding their
morphology and metabolism, restricting their development,
and potentially halting their survival (Zhang et al., 2021).
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Biol4: Precipitation of the driest month
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Fig. 5. The distribution range of C. sexseminifera predicted via MaxEnt modeling.

A comprehensive understanding of the appropriate
habitat for C. sexseminifera is essential for collecting
germplasm resources, conserving genetic diversity, and
enhancing genetic progress. The simulation findings
indicated that the optimal habitat area for C. sexseminifera
was 0.742x10* km? (Table 3), predominantly found in
Guangxi, Yunnan, Taiwan, and Fujian provinces. This
suggests a restricted geographical distribution range for its
population. This also indicates the potential for
concentrating on exploration, collecting resources,
investigation, and conservation efforts in these areas, as C.
sexseminifera tends to be widely distributed in the main
germplasm regions and might show significant genetic
variation. The possible distribution area of C.
sexseminifera is expected to grow and extend in China
beyond its current range (Fig. 1; Fig. 5). The difference in
the spatial distribution of species data points on different
scales may explain the difference between actual and
potential ranges. The model relies on niche-based presence
data, leading to predictions of the species' fundamental
niche instead of the realized niche, causing overestimating
the results (Zhou et al., 2023). Moreover, predicting
species distribution needs to consider their physiological
limitations, population dispersal ability, topographical
isolation, responses to external environmental influences,
triggers changes, and competition within ecological
communities, potentially resulting in an interval between
species' actual geographic distribution and climate change
(Wang et al., 2023).

Conservation efforts for rare species can be
strengthened by enriching the distribution of species
information, increasing the number of surveys, and
providing detailed habitat characteristic data (Rhoden et al.,
2017). The findings show that the natural distribution range

of C. sexseminifera is relatively limited. Future
fluctuations in the essential environmental factors for this
species could potentially impact the distribution area and
population size of this threatened species. However, this
phenomenon of changing the range of species' spatial
distribution is intricate. It can be impacted by various
factors, including but not limited to species interactions,
regional microclimate, topography, soil quality, and human
activities (Sannigrahi et al., 2020).

Thus, specific steps can be implemented to maintain
and broaden the distribution range of C. sexseminifera. For
example, conducting fundamental biological research,
mapping the potential range of pollinators and seed
dispersers, setting up different small protected areas in
vulnerable regions, continue to monitor the distribution
dynamics of C. sexseminifera under climate change,
reinforce field investigations and protection efforts in its
core distribution areas, protecting current fruit-bearing
trees to enhance seed production and explore ways to
enhance its reproductive capacity, collecting complete and
precise data to optimize the conservation of this threatened
species in various climate change scenarios.

Conclusion

The MaxEnt niche model and ArcGIS accurately
identified possible distribution areas of C. sexseminifera in
China. All variables Bio6, Biol, and Bio14 were identified
as critical environmental factors predicting the current
distribution and appropriate habitats of C. sexseminifera
from the 8 variables used in the MaxEnt model. The plant
grows in ideal conditions in the provinces of Guangxi,
Yunnan, Taiwan, and Fujian in China. The area has a
minimum temperature of 6 to 10°C in the coldest month,



an annual average temperature of 21 to 22°C, and a
precipitation of 21 to 28 mm in the driest month. The
results enable us to identify specific conditions necessary
for the species' best growth and offer a scientific foundation
for enhancing the preservation and management of this
vulnerable plant.

Funding support: This study was supported by the basic
ability enhancement program for Young and Middle-Aged
Teachers of Guangxi (No.2024K'Y0782); Scientific Research
Foundation of Guangxi Minzu Normal University
(No0.2022YB032; No0.2023SBNGCC001); Scientific
Research Projects of Universities in Anhui Province
(N0.2022AH051052) and Open Fund Project of Anhui
University Engineering Technology Research Center for
Aquatic Biological Protection and Water Ecological
Restoration (No.A0202303). The funders did not influence
the decision to publish or prepare the manuscript at any point
in the study's development, data collection, or analysis.

References

Asanok, L., T. Kamyo and D. Marod. 2020. Maximum Entropy
modeling for the conservation of Hopea odorata in riparian
forests, central Thailand. Biodiversitas, 21: 4663-4670.

Boogar, A.R., H. Salehi, H.R. Pourghasemi and T. Blaschke. 2019.
Predicting habitat suitability and conserving Juniperus spp.
habitat using SVM and Maximum Entropy Machine learning
techniques. Water, 11: 2049.

Boral, D. and S. Moktan. 2021. Predictive distribution modeling
of Swertia bimaculata in Darjeeling-Sikkim Eastern
Himalaya using MaxEnt: current and future scenarios. Ecol.
Proc., 10: 26.

Chi, Y., G.G.Wang, M.X. Zhu, P. Jin, Y. Hu, P.Z. Shu, Z.X. Wang,
A.F. Fan, P.H. Qian, Y.N. Han and S.H. Jin. 2023. Potentially
suitable habitat prediction of Pinus massoniana Lamb. in
China under climate change using Maxent model. Front. For.
Glob. Change., 6: 1144401.

Choi, J. and S. Lee. 2022. Principal bioclimatic variables of ten
dominant plant species in Korea wetland using the Maxent
model. Ecol. Eng., 183: 106729.

Cotrina-Sanchez, A., N.B. Rojas-Bricefio, S. Bandopadhyay, S.
Ghosh, C. Torres-Guzman, M. Oliva, B.K. Guzman and R.
Salas-Lopez. 2021. Biogeographic distribution of Cedrela
spp. genus in Peru using MaxEnt modeling: A conservation
and restoration approach. Diversity, 13: 261.

Cuena-Lombrafia, A., M. Fois, G. Fenu, D. Cogoni and G.
Bacchetta. 2018. The impact of climatic variations on the
reproductive success of Gentiana lutea L. in a Mediterranean
mountain area. Int. J. Biometeorol., 62: 1283-1295.

Dyderski, M. K., S. Paz, L.E. Frelich and A.M. Jagodzinski. 2018.
How much does climate change threaten European forest tree
species distributions? Global. Change. Biol., 24: 1150-1163.

Graham, E.M., A.E. Reside, 1. Atkinson, D. Baird, L. Hodgson,
C.S. James and J.J. VanDerWal. 2019. Climate change and
biodiversity in Australia: a systematic modelling approach to
nationwide species distributions. Australas. J. Environ.
Man., 26: 112-123.

Feeley, K., C. Bravo-Avila, B. Fadrique, T.M. Perez and D. Zuleta.
2020. Climate-driven changes in the composition of New
World plant communities. Nat. Clim. Change., 10: 965-970.

Gebrewahid, Y., S. Abrehe, E. Meresa, G. Eyasu, K. Abay, G.
Gebreab, K. Kidanemariam, G. Adissu, G. Abreha and G.
Darcha. 2020. Current and future predicting potential areas
of Oxytenanthera abyssinica (A. Richard) using MaxEnt
model under climate change in Northern Ethiopia. Ecol.
Proc., 9: 1-15.

LIJUAN WEI ETAL.,

Harsch, M.A. and J. HilleRisLambers. 2016. Climate warming
and seasonal precipitation change interact to limit species
distribution shifts across western north America. PLoS. ONE,
11: e0159184.

He, K., C.J. Fan, M.C. Zhong, F.L. Cao, G.B. Wang and L. Cao.
2023. Evaluation of Habitat suitability for Asian Elephants
in Sipsongpanna under climate change by coupling Multi-
Source remote sensing products with MaxEnt Model.
Remote. Sens., 15: 1047.

Hebbar, K.B., P.S. Abhin, V.S. Jose, P. Neethu, A. Santhosh, S.
Shil and P.V.V. Prasad. 2022. Predicting the potential
suitable climate for Coconut (Cocos nucifera L.) cultivation
in India under climate change scenarios using the MaxEnt
Model. Plants, 11: 731.

Huang, X.T., M. Li, C.B. Chen, H.K. Zhou, B.Q. Yao and Z. Ma.
2020. Predicting the suitable geographical distribution of
Sinadoxa Corydalifolia under different climate change
scenarios in the Three-River Region using the MaxEnt
Model. Plants, 9: 1015.

Ikkonen, E.N., T.G. Shibaeva and A.F. Titov. 2018. Influence of
Daily Short-Term Temperature Drops on Respiration to
Photosynthesis Ratio in Chilling-Sensitive Plants. Russ. J.
Plant. Physiol., 65: 78-83.

Khalil, T., S.A. Asad, N. Khubaib, N. Khubaib, A. Baig, S. Atif,
M. Umar, J. P. Kropp, P. Pradhan and S. Baig. 2021. Climate
change and potential distribution of potato (Solanum
tuberosum) crop cultivation in Pakistan using Maxent. AIMS.
Agric. Food., 6: 663-676.

Khan, A.M., Q.T. Li, Z. Saqib, N. Khan, T. Habib, N. Khalid, M.
Majeed and A. Tariq. 2022. MaxEnt modelling and impact
of climate change on habitat suitability variations of
economically important Chilgoza Pine (Pinus gerardiana
Wall.) in South Asia. Forests, 13(5): 715.

Kouhi, S.M.M. and M.B. Erfanian. 2020. Predicting the present
and future distribution of medusahead and barbed goatgrass
in Iran. Ecopersia, 8: 41-46.

Lippmann, R., S. Babben, A. Menger, C. Delker and M. Quint.
2019. Development of wild and cultivated plants under
global warming conditions. Curr: Biol., 29: 1326-1338.

Moore, C.E., K. Meacham-Hensold, P. Lemonnier, R. A. Slattery,
C. Benjamin, C. J Bernacchi, T. Lawson and A. P. Cavanagh.
2021. The effect of increasing temperature on crop
photosynthesis: From enzymes to ecosystems. J. Exp. Bot.,
72:2822-2844.

Nguyen, T.T., I. Gliottone and M.P. Pham. 2021. Current and
future predicting habitat suitability map of Cunninghamia
konishii Hayata using MaxEnt model under climate change
in Northern Vietnam. Eur. J. Ecol., 7: 1-17.

Prasad, PV.V and M. Djanaguiraman. 2011. High night
temperature decreases leaf photosynthesis and pollen
function in grain sorghum. Funct. Plant. Biol.,38: 993-1003.

Rhoden, C.M., W.E. Peterman and C.A. Taylor. 2017. Maxent-
directed field surveys identify new populations of narrowly
endemic habitat specialists. Peer J., 5: €3632.

Sannigrahi, S., Q. Zhang, P.K. Joshi, S. Paul, K. Saskia, P.S. Roy,
P. Francesco, B. Bidroha, Ying. W, J. Shouvik, P.S. Kumar
and S. Somnath. 2020. Examining effects of climate change
and land use dynamic on biophysical and economic values
of ecosystem services of a natural reserve region. J. Clean.
Prod., 257: 120424.

Sarma, K., S.J. Roy, B. Kalita, P.S. Baruah, A. Bawri, M.J. Nath,
U.D. Baruah, D. Sahariah, A. Saikia and B. Tanti. 2022.
Habitat suitability of Gymnocladus assamicus-A critically
endangered plant of Arunachal Pradesh, India using machine
learning and statistical modeling. Acta. Ecol. Sin., 42: 398-406.

Soilhi, Z., N. Sayari, N. Benalouache and M. Mekki. 2021.
Predicting current and future distributions of Mentha
pulegium L. in Tunisia under climate change conditions,
using the MaxEnt model. Ecol. Inform., 68: 101533.



PREDICTING THE POTENTIAL SUITABLE HABITAT FOR CHINA’S ENDANGERED PLANT 9

Tang, X.G., Y.D. Yuan, X.M. Li and J.C. Zhang. 2021. Maximum
Entropy modeling to predict the impact of climate change on
Pine Wilt Disease in China. Front. Plant Sci., 12: 652500.

Thapa, A., R.D. Wu, Y.B. Hu, Y.G. Nie, L. Yan, X.D. Gu, P.B. Singh,
JR. Khatiwada and F.W. Wei. 2018. Predicting the potential
distribution of the endangered red panda across its entire range
using MaxEnt modeling. Ecol. Evol., 8: 10542-10554.

Wang, G.H., C.P. Xie, L.J. Wei, Z.Q. Gao, H.L. Yang and C.Y.
Jim. 2023. Predicting suitable habitats for China’s
Endangered Plant Handeliodendron bodinieri (H. Lév.)
Rehder. Diversity, 15: 1033.

Wei, B., R.L. Wang, K. Hou, X.Y. Wang and W. Wu. 2018.
Predicting the current and future cultivation regions of
Carthamus tinctorius L. using MaxEnt model under climate
change in China. Glob. Ecol. Conserv., 16: e00477.

Wu, B.C., L.J. Zhou, S. Qi, M.L. Jin, J. Hu and J.S. Lu. 2021.
Effect of habitat factors on the understory plant diversity of
Platycladus orientalis plantations in Beijing mountainous
areas based on MaxEnt model. Ecol. Indic., 129: 107917.

Zhang, Y., J.S. Tang, G. Ren, K.X. Zhao and A.F. Wang. 2021.
Global potential distribution prediction of Xanthium
italicum based on Maxent model. Sci. Rep., 11: 16545.

Zheng, Y., J. Liu, X.Y. Feng and X. Gong. 2017. The distribution,
diversity, and conservation status of Cycas in China. Ecol.
Evol., 7:3212-3224.

Zhou, Y.R, X. Lu and G.F. Zhang. 2023. Potentially differential
impacts on niche overlap between Chinese endangered
Zelkova schneideriana and its associated tree species under
climate change. Front. Ecol. Evol., 11: 1218149.

(Received for publication 22 December 2024)



