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Abstract 

 

The identification of both the extent and potential biogeographical distribution of a plant species is imperative for 

elucidating the crucial environmental factors that influence its habitat. In the present study, MaxEnt modeling was used for 

predicting the possible distribution range of China’s endangered species, Cycas segmentifida, based on 8 selected 

environmental variables and 38 validated distribution records under current climatic conditions. The jackknife statistical 

method was employed with percentage contribution and permutation importance to elucidate pertinent factors limiting the 

potential C. segmentifida distribution. The Maxent model indicated better results than the random with an average AUC 0.994. 

According to species response curves, C. segmentifida preferred habitats with temperature seasonality of 420 to 640℃, and 

the warmest quarter’s precipitation from 540 to 780 mm. Currently, the primary potential distribution areas include Guangxi, 

Guizhou, and Yunnan provinces in Southwest China, with the greatest effect on the C. segmentifida distribution area. The 

results of this research could offer scientific guidance to improve the conservation and management of this declining species. 
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Introduction 

 

Climatic change is the most significant threat to the 

protection and maintenance of global biodiversity 

(Fortunel et al., 2014; Dawson et al., 2011). The frequent 

occurrence of global warming and drought has changed the 

temperature and water content in the environment, and can 

lead to the shrinkage, degradation, or destruction of plant 

habitats, ultimately shifting the distribution range of 

natural species (Manish et al., 2016). Particularly those that 

are geographically limited and/or endemic and cannot 

adapt to altered climatic conditions and become 

endangered or even extinct (Knapp et al., 2008; Blach-

Overgaard et al., 2010). 

Climate change is the most crucial factor responsible 

for the habitat’s physical geography and species 

distribution (Remya et al., 2015; Sarma et al., 2022). The 

changes in major climate factors, for example, extreme 

temperature, and annual average temperature and 

precipitation, may cause fragmentation and loss of habitats, 

increasing the likelihood of extinction in a variety of 

species (Bellard et al., 2012; Veloz et al., 2012). The 

occurrence of harmful and aberrant climate will change 

plants’ regeneration, morphology, growth pattern, 

reproductive behavior, and natomy, resulting in increased 

contraction, fragmentation, and shifting of various plant 

species' geographical distribution patterns globally 

(Ferrarini et al., 2019; Liu et al., 2021). Moreover, climate 

change can alter the plant’s spatial distribution, such as by 

inhibiting reproduction and elevating the mortality rate, 

thereby decreasing the population of globally endangered 

species (Duflot et al., 2018; Selwood et al., 2015). 

Moreover, further threats to the endangered plant species 

could jeopardize their survival because of straining beyond 

the threshold (Román-Palacios & Wiens, 2020). 

The cumulative and substantial effects of climatic 

alterations have disturbed the ecosystem’s operation and 

stability (Wasowicz et al., 2013; Mahmoodi et al., 2022). 

For instance, short-term drastic alterations could kill 

weakly adapted individuals with poor dissemination 

capability, narrowing species distribution, or local 

extinction (Kouhi & Erfanian, 2020). Consequently, 

identification of the association between species and 

environmental variables, as well as predicting how a 

species would respond to climatic change is essential for 

effectively protecting and restoring endangered species and 

species with narrow niches (Dubuis et al., 2011; Kaky & 

Gilbert, 2016). This information would help monitor and 

restore the decreasing populations, elucidate and abate 

anthropogenic effects, and improve resource management 

(Kaky et al., 2020).  

Species distribution models (Bioclim, Garp, MaxEnt, 

and Climex) are employed for analyzing specie’s potential 

geographic distribution and to predict changes in their 

distributions under different climate change scenarios 

based on rainfall, relative humidity, maximum and 

minimum temperatures, and other environmental factors 

(Urbina-Cardona et al., 2019; Çoban et al., 2020). Among 

these, MaxEnt is better than other models in predicting the 

distribution of endangered species as it can maintain the 

stability and reliability of its forecast precision even with a 

small sample size and uncleared correlation between 

environmental variables (Petitpierre et al., 2012). Mostly, 

there are only a few records of threatened species of 

distribution that are geographically close together; 

therefore, modeling their appropriate habitat distribution is 

difficult when using common modeling approaches as such 

data have limited information for identification of the link 

between the species and their habitat (Stalin & Swamy, 

2015). MaxEnt only needs a current record of the species 
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as input data and generates accurate spatial environmental 

suitability maps for species. Furthermore, it also elucidates 

the importance of environmental variables for species 

distribution (Kamyo & Asanok, 2020; Tuan et al., 2021). 

The MaxEnt model is widely utilized for predicting 

suitable regions for endangered species, priority evaluation 

for species conservation, the climatic environment 

suitability for a particular species (Koch et al., 2017), and 

the ecological niche similarities comparison between 

various species in environmental and geographic spatial 

alterations (Cotrina et al., 2021). 

Cycas segmentifida (D.Y. Wang & C.Y. Deng) is 

among the oldest living seed plants in the world. It is 

primarily found in the valleys of the You River basin in 

northwestern Guangxi, eastern Yunnan, and southwestern 

Guizhou provinces in Southwest China (Feng et al., 2017). 

It has survived climate fluctuations, dramatic tectonic 

activities, and environmental variations (Zheng et al., 

2017). However, its edible stem, ornamental characteristics, 

and habitat destruction for cultivating commercial plants 

have contributed to its population decline. Therefore, it has 

been classified as a first-level protected species and is 

listed in National Key Protected Wild Plants in China. At 

present, there is limited research on this species, especially 

regarding its geographical distribution and the factors that 

shape its habitat.  

This research employed the MaxEnt model to 

understand C. segmentifida species distribution 

characteristics and ecological adaptability to climate change. 

Furthermore, it furnishes theoretical references for the 

utilization and protection of wild C. segmentifida large-scale 

cultivation in the future. The research objectives of this study 

were: (1) to identify and restrict C. segmentifida’s potential 

spatial distribution pattern in China; (2) to assess the 

association between environmental variables and potentially 

suitable distribution pattern; (3) to predict the suitable 

habitat for C. segmentifida under current climatic changes. 

 

Material and methods 

 

Establishing species occurrence records: To obtain 

accurate species distribution point data for C. segmentifida, 

online databases, including the Global Biodiversity 

Information Facility (https://www.g bif.org), Chinese 

Virtual Herbarium (http://www.cvh.ac.cn), Plant Photo 

Bank of China (http://www.Plantphotophoto.cn), National 

Specimen Information Infrastructure (http://www.n-

sii.org.cn), and the China National Knowledge 

Infrastructure (https://www.cnki.net) were searched. 

Duplicative occurrences and any samples without 

comprehensive longitude and latitude data were excluded. 

Finally, 38 valid occurrence data of C. segmentifida were 

selected in this research. Information on the latitude and 

longitude geographic distribution points was acquired were 

obtained from ArcGIS10.8. Subsequently, using the Excel 

software, all distribution point data were recorded and 

converted into CSV formats following the requirements of 

the MaxEnt model (Fig. 1).  

 

 
 
Fig. 1. The representative Cycas segmentifida images and their distribution areas (white circles) in three Southwest China provinces. 
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Selecting environmental variables: For the current 

climate, using the WorldClim database (http://www. 

worldcli-m.org), 19 bioclimatic factors with 30 arc seconds 

(~1 km) spatial resolution were identified and utilized 

species distribution models (Fick & Hijmans, 2017; Table 

1). Pearson Correlation Coefficient (r) was employed to 

test the multicollinearity, and those with r＜0.8 were 

retained, while variables with low contribution and high 

correlation (r≥0.80) were eliminated (Yang et al., 2013; 

Xie et al., 2021). Finally, 8 of the 19 factors were selected 

as variables for establishing the MaxEnt modeling for C. 

segmentifida geographical distribution in this study.  

 
Table 1. List of environmental variables used for model 

construction. The eight variables shown in bold  

font were used in MaxEnt modeling. 

Code Environmental variables Unit 

Bio1 Annual mean temperature ℃ 

Bio2 
Mean diurnal range (mean of monthly (maximum 

temp-minimum temp)) 
℃ 

Bio3 Isothermality (Bio2/Bio7) (*100) - 

Bio4 Temperature seasonality (standard deviation*100) ℃ 

Bio5 Maximum temperature of the warmest month ℃ 

Bio6 Minimum temperature of the coldest month ℃ 

Bio7 Temperature annual range (Bio5-Bio6) ℃ 

Bio8 Mean temperature of the wettest quarter ℃ 

Bio9 Mean temperature of the driest quarter ℃ 

Bio10 Mean temperature of the warmest quarter ℃ 

Bio11 Mean temperature of the coldest quarter ℃ 

Bio12 Annual precipitation mm 

Bio13 Precipitation of the wettest month mm 

Bio14 Precipitation of the driest month mm 

Bio15 Precipitation seasonality (coefficient of variation) - 

Bio16 Precipitation of the wettest quarte mm 

Bio17 Precipitation of the driest quarter mm 

Bio18 Precipitation of the warmest quarter mm 

Bio19 Precipitation of the coldest quarter mm 

 

Modeling species distribution: The 8 environmental 

variables and C. segmentifida species data were added into 

MaxEnt 3.4.0 software (http://www.cs.princeton.edu/ 

wschapire /Maxent/) to establish and elucidate the models. 

Jacknife tests are useful in the application of different 

variables for prediction. Then the receiver operating 

characteristic (ROC) curves were constructed to test the 

accuracy of the models, and the areas under the curve 

(AUCs) were assessed for the three scenarios (zero, 1, and 

all variables) (Wu et al., 2021). The AUC value ranged 

from 0.5 to 1; a higher value demonstrated that the 

simulation object’s geographic distribution was farther 

away from the random distribution, indicating that 

substantial association between the environmental factors 

and simulation data, i.e., the model had higher accuracy 

(Phillips et al., 2006; Wei et al., 2018). The AUC statistic 

was categorized into 5 performance groups: fail (0.5-0.6), 

poor (0.6-0.7), fair (0.7-0.8), good (0.8-0.9), and excellent 

(0.9-1.0) (Beale & Lennon, 2012). For visualization and 

further assessment, the MaxEnt model results predicting 

the C. segmentifida (0-1 range) distribution were utilized 

as input for the ArcGIS software (10.8), and using the 

reclassify tool of ArcGIS software, the comprehensive 

probability of suitable distribution region was divided into 

4 categories: excellent (>0.6), good (0.4-0.6), fair (0.2-

0.4), poor (<0.2). 

 

Results 

 

Model’s performance evaluation: The generated model 

was elucidated by assessing the AUC of the ROC plot. The 

ROC curve indicated that the reconstructed MaxEnt 

model’s AUC value was “excellent” (AUCmean=0.994, Fig. 

2), which was ≥0.5 of a random model, indicating high 

reliability of the model and could efficiently reflect the 

distribution areas of C. segmentifida under the current 

climate scenarios.  

 

 
 

Fig. 2. ROC curve for the prediction model for C. segmentifida 

distribution. 

 

Key environmental variables and validation of the 

modeling results: Based on the jackknife test results and 
climate variables contribution rates calculated by the 
model, the primary environmental factors affecting the 
differences in C. segmentifida distribution were 
determined (Table 2). The contribution data indicated that 
precipitation of the warmest quarter (Bio18, 49.5%), 
precipitation of the driest quarter (Bio17, 22.8%), and 
temperature seasonality (Bio4, 13.9%) had the highest 
contributions, accounting for 86.2% of the model 
prediction (Table 2). Considering the importance of 
permutation, precipitation of the warmest quarter (Bio18, 
42.2%), temperature seasonality (Bio4, 37.8%), and 
precipitation of the driest month (Bio12, 10.1%) were 
much higher than others (Table 2). That is, temperature 
(Bio4) and precipitation (Bio18) were critical in predicting 
the possible C. segmentifida distribution.  

Furthermore, the jackknife test indicated that 
temperature seasonality (Bio4) had the highest gain in 
regularized testing and training. Temperature annual range 
(Bio7) had the highest AUC gain, suggesting it contributes 
the most to the C. segmentifida distribution (Fig. 3). In 
contrast, the mean temperature of the wettest quarter (Bio8) 
was the least important and the lowest gain, with little 
impact on predicting species distribution (Fig. 3). The 
results indicated that compared to the precipitation, 
temperature had a greater effect on C. segmentifida 
distribution (Fig. 3). 

http://www/
http://www.cs.princeton.edu/
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Table 2. Permutation importance levels and percent contribution of the 8 environmental variables were selected 

for the MaxEnt models, ranked by percentage contribution. 

Code Bioclimatic variable Percent contribution Permutation importance 

Bio18 Precipitation of the warmest quarter 49.5 42.2 

Bio17 Precipitation of the driest quarter 22.8 2.8 

Bio4 Temperature seasonality 13.9 37.8 

Bio12 Annual precipitation 9.0 10.1 

Bio8 Mean temperature of the wettest quarter 2.8 0.4 

Bio6 Minimum temperature of the coldest month 0.9 5.2 

Bio7 Temperature annual range 0.8 1.2 

Bio13 Precipitation of the wettest month 0.2 0.2 

 

 
 

 
 

 
 

, ,  
 

Fig. 3. Assessment of the predictive abilities of the eight 

environmental variables by the jackknife test and AUC values 

in MaxEnt models. 

The MaxEnt-generated response curves between 

species presence probability and environmental variables 

demonstrated the effects of the environmental factors on 

the species abundance (Fig. 4). Bio4, Bio6, Bio7, Bio12, 

Bio13, Bio17, and Bio18 revealed single-peaked curves, 

indicating that C. segmentifida had substantially adapted to 

these environmental variables. The response curves of 

temperature seasonality (Bio4) and precipitation in the 

wettest quarter (Bio18) indicated the impact of altering 

bioclimatic values on the distribution probability of C. 

segmentifida (Fig. 4). When the temperature seasonality 

(Bio4) was 420-640℃, and the precipitation in the wettest 

quarter (Bio18) was 540-780 mm, the C. segmentifida 

distribution probability peaked (Fig. 4). 
 

Predicting the suitable habitat of C. segmentifida in 

China: The MaxEnt predicted potential suitable C. 

segmentifida distribution indicated that the most suitable 

areas under current climatic conditions were situated in 

Guangxi, Guizhou, Yunnan, Guangdong, Sichuan, 

Chongqing, Fujian, and Taiwan (Fig. 5). The assessment 

indicated 142.599×104 km2 as being poorly suitable, 

6.383×104 km2 as fairly suitable, 3.698×104 km2 as good, 

and 2.655×104 km2 as having excellent suitability, 

comprising 14.854%, 0.665%, 0.385%, and 0.277%, 

respectively, of the overall land area of China (Table 3). 

Only Guangxi, Guizhou, and Yunnan had excellent 

suitability among these regions at 2.115×104 km2, 

0.392×104 km2 and 0.148×104 km2 (Table 3). However, 

there were no distribution records in Guangdong, Sichuan, 

Chongqing, Fujian, and Taiwan researchs, indicating that 

this endangered plant’s current distribution range may 

expand to fill the potential area. 
 

Table 3. Areas predicted to be suitable for C. segmentifida 

under current climatic conditions in the provinces  

and autonomous regions of China (104 km2). 

Province or 

autonomous region 

Predicted suitable area ratio 

Poor Fair Good Excellent 

Guangxi 14.554 2.080 2.288 2.115 

Guizhou 13.196 1.325 1.068 0.392 

Yunnan 32.957 0.818 0.340 0.148 

Guangdong 15.882 0.099 0.000 0.000 

Sichuan 43.929 1.832 0.002 0.000 

Chongqing 7.679 0.024 0.000 0.000 

Fujian 11.234 0.012 0.000 0.000 

Taiwan 3.168 0.193 0.000 0.000 

Total 142.599 6.383 3.698 2.655 
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Fig. 4. Response curves of the environmental variables to distribution probability. 
 

 
 

Fig. 5. The predicted distribution range of C. segmentifida predicted by MaxEnt modeling. 
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Discussion 

 

This is the first research of the influence of climate 

change on the geographical distribution and predicted 

environmental suitability of C. segmentifida’s habitat in 

China using the MaxEnt model. Here, each factor’s 

contribution rate to the MaxEnt model was assessed to 

identify the key environmental ariables, and those with 

small contribution rates and high correlations were 

eliminated. Finally, 8 crucial environmental variables were 

selected, and the model was reconstructed (Table 2), which 

improved the accuracy of habitat suitability predictions. 

The final threshold-independent AUC reached 0.994 (Fig. 

2), indicating that the MaxEnt model accurately predicted 

the habitat suitability of C. segmentifida. The results also 

demonstrated that the MaxEnt model could avoided 

overfitting resulting in effective predictions using a 

restricted sample size, providing a useful tool for the 

conservation and management of endangered species with 

extremely small populations (Phillips et al., 2006; Alcala-

Canto et al., 2019).  

The association of species and environment is essential 

for understanding the ecological requirements and spatial 

distribution of species (Xu et al., 2019), especially 

temperature, which can substantially determine plant 

functions and biochemical mechanisms and essentially 

shape their distribution (Khanum et al., 2013; Wang et al., 

2022). This research elucidated the relationship of C. 

segmentifida existence probability with key environmental 

variables and acquired the relevant response curves. It was 

indicated that the temperature seasonality (Bio4) was the 

predominant variable influencing the potential distribution 

of C. segmentifida (Table 2; Fig. 3), and the optimum 

temperature seasonality (Bio4) was about 420-640 ℃ (Fig. 

4). Temperature seasonality is defined as the variations in the 

temperature over one year, and the greater the standard 

deviation, the greater the coefficient of variation (Liu et al., 

2019; Qi et al., 2022), indicating that C. segmentifida is 

unsuitable for a habitat with a high annual temperature 

difference. Temperature seasonality changes within a certain 

range can enhance the adaptability of endangered plants to 

environmental alterations and habitat conditions 

(Borbororah et al., 2020). However, beyond a given 

temperature peak, the habitat range of the endangered plant 

will shrink or disappear (Khodorova & Boitel-Conti, 2013). 

Other studies have shown that the extreme value and 

variation range of temperature were closely linked with 

species distribution landscape patterns (Yang et al., 2022). 

Based on existing distribution data (Fig. 1), C. segmentifida 

mainly in karst habitats, where vegetation is dense, and the 

temperature seasonality changes are not significant.  

The results of the MaxEnt model indicated that 

precipitation of the warmest quarter (Bio18) was the 

primary factor affecting the potential distribution of C. 

segmentifida (Table 2; Fig. 3). Precipitation an 

environmental factor affecting plant growth, can be utilized 

to identify the effect of climate change on the diversity of 

plant species (Isaiah et al., 2014). Precipitation linked with 

multiple environmental factors influencing the plant’s 

physiological processes, such as suitable rainfall 

significantly increasing soil’s water content, providing an 

excellent environment for the growth and maturation of 

plant fruits. However, excessive rainfall may cause plant 

death due to root respiration obstruction, which promotes 

pest invasion and disease, especially during high 

temperatures and extremely high humidity (Duan et al., 

2022). Here, the optimal Bio18 value of C. segmentifida 

was 540-780 mm (Fig. 4), indicating a requirement for 

moisture consistent with its current distribution. The reason 

might be associated with the physiological features of C. 

segmentifida. According to the existing distribution data, 

these endangered plants are primarily distributed in karst 

habitats, where the area lacks surface runoff, the spatial 

distribution of soil is uneven and the rate of rock exposure 

is high. After the hot summer sunshine, much water in the 

soil evaporates is lost. Thus, a large amount of precipitation 

is needed in the warmest quarter to maintain the normal 

physiological activity of these plants. 

A deeper knowledge of the potentially suitable region 

for C. segmentifida will help collect germplasm resources, 

protect genetic diversity, and promote genetic 

improvement. The simulation data indicated that the 

excellent suitability area of C. segmentifida was only 

2.655×104 km2 (Table 3), primarily located in Guangxi, 

Guizhou, and Yunnan provinces, indicating a limited range 

of suitable geographical distribution for its population. 

Furthermore, it is possible that the current distribution 

range of C. segmentifida may expand to include areas that 

were predicted to be suitable for its growth (Fig. 1; Fig. 5). 

The observed discrepancy between the current and 

potentially suitable ranges might be because of insufficient 

research data to accurately define the specie’s 

environmental requirements or insufficient or over-fitting 

models, resulting in overestimating of the predicted 

distribution region. Moreover, it is assessed by the 

characteristics of the Maxent model, which only considers 

niche-based presence data and predicts the species’s 

fundamental niche rather than the realized niche, resulting 

in over-estimated results (Kumar & Stohlgren, 2009; Yang 

et al., 2013). Additionally, predicting species distribution 

should consider their physiological constraints, driving 

changes, competition of ecological communities, and 

response to external factors, which may cause the actual 

geographical distribution of a species to lag behind climate 

change (Zhang et al., 2019). 

It has been acknowledged that a plant’s spatial 

distribution is affected by both biotic and abiotic factors, 

including predation, vegetation, human disturbances, 

temperature, precipitation, soil type, altitude, and 

geographical barriers, among others (Asanok et al., 2020). 

Especially after years of human interference, the 

distribution of plant habitats has ceased to exist, and the 

use of forest land has changed. The distribution records of 

the herbarium are not from the same year, nor are they new 

survey results in recent years. Therefore, based on a 

detailed research of the distribution status of endangered 

plants, it is necessary to combine different types of 

biological and abiotic factors to predict the impact of 

climate change on the suitable spatial distribution of 

endangered plants (Blach‐Overgaard et al., 2010). 

Some measures could sustain and expand the C. 

segmentifida distribution range. They require 



PLANT CYCAS SEGMENTIFIDA USING MAXENT UNDER CLIMATE CHANGE 7 

comprehensive cognate research to augment current 

knowledge and apply the findings to conservation. These 

comprise key issues such as basic research, the 

distributions of pollinators and seed dispersers, 

establishing more natural small protected areas in high-risk 

regions, the protection of existing fruiting mother trees, 

increasing seed production and thus reproduction, and 

maximum protection of this endangered species under 

climate change (Fricke et al., 2022). Other factors, such as 

species interactions, regional microclimate, historical 

distribution, topography, soil, human activities, and spatial 

constraints, should be investigated to acquire more 

accurate and comprehensive spatial data to refine the 

distribution simulation of C. segmentifida habitat.  

 

Conclusion 

 

This research predicted suitable areas for C. 

segmentifida in China using the MaxEnt niche model and 

ArcGIS. The most suitable habitats were only identified in 

China's Guangxi, Guizhou, and Yunnan provinces. 

Furthermore, the key environmental variables that 

modulate its distribution include the temperature 

seasonality (Bio4, optimal=420-640 ℃) and precipitation 

of the warmest quarter (Bio18, optimal=540-780 mm). 

These results highlight the specific conditions necessary 

for optimal C. segmentifida growth, and provide a 

foundation for the improved conservation and management 

of this endangered plant. 
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