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Background. Both Bactrocera minax and Bactrocera dorsalis are phytophagous insects, and their larvae
are latent feeders, which cause great damage and economic losses to agricultural production and trade.
It is great signiûcance for the artiûcial protection and cultivation of citrus to predict the potential suitable
habitat of B. minax and B. dorsalis in Sichuan Basin using niche models.

Methods. In this paper, we predicted the potential distribution area of B. minax and B. dorsalis by
applying four Niche models (GARP, Bioclim, Domain, and Maxent), using 19 climate factors and elevation
from the WorldClim websit and 44 species distribution records from the Chinese Herbaria, Two statistical
standards, area under the receiver operating characteristic curve (AUC) and Kappa value, were used to
analyze and compare the results of diûerent models.

Results. The average AUC values of the four models were all above 0.90, and the average Kappa values
were all above 0.75, indicating that the four models were suitable for predicting the potential distribution
areas of B. minax and B. dorsalis. The results showed that the temperature annual range, mean
temperature of driest quarter, mean temperature of warmest quarter, annual precipitation, precipitation
of driest month were the key environmental factors aûecting the distribution of B. minax, while mean
diurnal range, mean temperature of driest quarter, temperature seasonality and precipitation of driest
month aûect the potential distribution of B. dorsalis. This may be the decisive factor in the current
distribution pattern of B. minax and B. dorsalis,and the basis for the migration directionin the future. The
suitable area of B. minax was mainly concentrated in the eastern of Sichuan Basin, while B. dorsalis9 was
concentrated in the southeastern. Except the Bioclim model which predicted the highly and moderately
suitable area were small, the other three models predicted more than 15.94×104 km2 and 13.57×104 km2.

Discussion. In conclusion, the suitable areas of B. minax and B. dorsalis in Sichuan Basin is quite wide.
Therefore, it is suggested that relevant departments strengthen the monitoring of human environment
and do a good job in prevention and control.
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14 Abstract

15 Both Bactrocera minax and Bactrocera dorsalis are phytophagous insects, and their larvae 

16 are latent feeders, which cause great damage and economic losses to agricultural production and 

17 trade. It is great significance for the artificial protection and cultivation of citrus to predict the 

18 potential suitable habitat of B. minax and B. dorsalis  in Sichuan Basin using niche models. In 

19 this paper, we predicted the potential distribution area of B. minax and B. dorsalis by applying 

20 four Niche models(GARP, Bioclim, Domain, and Maxent), using 19 climate factors and 

21 elevation from the WorldClim websit and 44 species distribution records from the Chinese 

22 Herbaria, Two statistical standards, area under the receiver operating characteristic curve(AUC) 

23 and Kappa value, were used to analyze and compare the results of different models.  The 

24 average AUC values of the four models were all above 0.90, and the average Kappa values were 

25 all above 0.75, indicating that the four models were suitable for predicting the potential 

26 distribution areas of B. minax and B. dorsalis . The results  showed that the temperature annual 

27 range, mean temperature of driest quarter, mean temperature of warmest quarter, annual 

28 precipitation, precipitation of driest month were the key environmental factors affecting the 

29 distribution of B. minax, while mean diurnal range, mean temperature of driest quarter, 

30 temperature seasonality and precipitation of driest month affect the potential distribution of B. 

31 dorsalis . This may be the decisive factor in the current distribution pattern of B. minax and B. 

32 dorsalis , and the basis for the migration direction in the future. The suitable area of B. minax 

33 was mainly concentrated in the eastern of Sichuan Basin, while B. dorsalis � was concentrated in 

34 the southeastern. Except the Bioclim model which predicted the highly and moderately suitable 

35 area were small, the other three models predicted   more than 15.94×104 km2 and 13.57×104 

36 km2. In conclusion, the suitable areas of B. minax and B. dorsalis in Sichuan Basin is quite wide. 

PeerJ reviewing PDF | (2023:01:81950:0:2:NEW 9 Mar 2023)

Manuscript to be reviewed

PC
Cross-Out
e

PC
Underline
State the scientific problem and hypothesis of the study before this 

The background is not compelling 

PC
Underline
validity? performance or ?

Please authors need to be more specific

looks too generic 

the performance of the different models 

PC
Underline
Too generic. How do you measure small?

PC
Sticky Note
....104 km



37 Therefore, it is suggested that relevant departments strengthen the monitoring of human 

38 environment and do a good job in prevention and control.

39 Key words: B. minax, B. dorsalis , MaxEnt, GARP, Bioclim, Domain, suitable habitat

40

41

42 1. Introduction

43 Tephritidae belongs to Diptera, commonly known as "orange maggots" and "fruit maggots" 

44 (Zhu, 2004; Tang, 2012). The common species in Chinese citrus region are Bactrocera minax 

45 Enderlein, Bactrocera dorsalis Hendel and Tetradacus tsuneonis Miyake, which are all 

46 international quarantine pests. B. minax is distributed in southern citrus regions, which can harm 

47 a variety of citrus fruits, such as sweet orange, grapefruit, lemon, bergamot and so on (Zhang, 

48 2007). The host species of B. dorsalis is complex, mainly harm mango, pomegranate, lime, sweet 

49 orange, grapefruit, citrus, grape, peach, pear, plum, banana, coffee, papaya, guava, pepper, 

50 tomato, cucumber and other 46 families more than 250 kinds of fruit trees, vegetables and 

51 flowers (Meetu and Sangeeta, 2007). B. dorsalis is widely distributed, in addition to the southern 

52 citrus regions, the central region of China has also been found in recent years. Both B. minax and 

53 B. dorsalis are phytophagous insects, and their larvae are latent feeders, which cause great 

54 damage and economic losses to agricultural production and agricultural trade. 

55 The ecological characteristics of crop diseases and pests, such as growth, reproduction, 

56 overwintering and distribution, are closely related to environmental conditions, especially 

57 climate conditions. Therefore, climate change will have a great impact, such as the generation of 

58 crop diseases and pests, the north boundary of overwintering and the distribution range, and the 

59 negative effects will be aggravated (Li et al., 2010). According to statistics, the area of perennial 

60 diseases and pests in China is between 200 million and 230 million square hectares, more than 

61 twice as much as arablea. Citrus is the most important fruit in Sichuan-Chongqing region, which 

62 the area and yield increases year by year. By the end of 2020, the planting area of citrus in 

63 Sichuan-Chongqing reached 3.39×105 hm2 and the yield reached 4.89×105 t. The citrus industry 

64 has made important contributions to poverty alleviation and rural revitalization (Wang and Du, 

65 2022). In view of the importance of citrus to Sichuan-Choingqing's economy, it is necessary to 

66 do a good job in the study of citrus. As an important factor affecting the development of citrus 

67 industry, how to control diseases and pests is the primary task.

68 Species distribution models (SDMs) uses certain algorithms to predict the potential survival 

69 range of species based on actual distribution and environmental factors(Gobeyn et al., 2019; Hao 

70 et al., 2019; Cvea et al., 2021). The selection of environmental factors, the migration ability of 

71 species and the types of environmental factors used have an important impact on the simulation 

72 results (William et al., 2019; Mendes et al., 2020; Yu et al., 2020). At present, the models used to 

73 predict the potential distribution of species include CLIMEX, GARP, MaxEnt, Bioclim and 

74 Domain (Peterson and Eaton, 2010; Li et al., 2013). In recent years, SDMs have been widely 

75 used to predict the potential distribution and evaluate the suitability of medicinal plants, such as 

76 Fritillaria cirrhosa (Zhao et al., 2018), Cornus officinalis (Cao et al., 2016), Paris verticillata (Ji 
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77 et al., 2020), Sinopodophullum hexandrum (Zhang, 2013) and Berberis aristata (Ray et al., 

78 2011), etc.  

79  As harmful organisms affecting citrus industry, many scholars have conducted a lot of 

80 research on B. minax and B. dorsalis , such as classification and identification, biology, ecology, 

81 quarantine and treatment technology, integrated prevention and control technology, etc(Kong et 

82 al., 2008). Based on the previous study of biology and ecology, the paper analyzed the 

83 interaction between the growth of Tephritidae (B. minax and B. dorsalis ) and environmental 

84 factors, discussed the main environmental factors affecting the geographical distribution of 

85 Tephritidae, and predicted the potential suitable area of Tephritidae with four ecological niche 

86 models, which provided the basis for further research on the risk analysis of Tephritidae in 

87 Sichuan Basin.

88 2. Materials and Methods

89 2.1. Sample distribution data

90 Occurrence records of B. minax and B. dorsalis in China were obtained from various 

91 sources, such as the Global Biodiversity Information Facility (GBIF, https://www.gbif.org/), 

92 Centre Agriculture Bioscience International (CABI, https://www.cabi.org/), and our field survey, 

93 as well as literature reports (Zhao et al., 2006; Zhou et al., 2010; Fan et al., 2013; Wu et al., 2014; 

94 Li et al., 2017; Xu et al., 2017; Deng et al., 2018; Li et al., 2019; Zhang et al., 2019; Cui and Liu, 

95 2020; Fang et al., 2020). The longitude and latitude of occurrence records picked up by Google 

96 Earth were converted into decimal after removing the repeated distribution points. In order to 

97 reduce the impact of spatial autocorrelation, the distance between the records and the centre were 

98 calculated by using the spatial analysis function of ArcGIS 10.0 to ensure that each censored grid 

99 contains only one distribution point closest to the centre (Wang et al., 2019; Wang et al., 2020; 

100 Liu et al., 2021) (Table S1).

101 2.2. Environmental factors used in the models

102 The growth and development of insects is closely related to the climatic conditions in which 

103 they live (Li et al., 2020). Therefore, 19 bioclimatic factors and elevation downloaded from 

104 WorldClim(https://www.worldclim.org/) were selected as the initial environmental factors. In 

105 order to screen out the environmental factors affecting the potential distribution of B. minax and 

106 B. dorsalis, the percent contribution and permutation importance of nineteen climate factors were 

107 determined by the jackknife test, and the factors with zero contribution rate were eliminated.. 

108 Then correlation analysis was performed for the retained environmental factors(Fig.1). For the 

109 pearson�s correlation coefficient of two environmental factors was greater than 0.85, the one 

110 with lower percent contribution value in the jackknife test was eliminated. 

111 After the above two steps, eleven environmental factors affecting the potential distribution 

112 of B. minax were retained for building forecasting models, and six environmental factors were 

PeerJ reviewing PDF | (2023:01:81950:0:2:NEW 9 Mar 2023)

Manuscript to be reviewed

PC
Underline
please check their website for correct citation, where exactly you downloaded the species data

PC
Underline
To

PC
Sticky Note
Too wordy



113 retained for B. dorsalis (Table 1)(Wang et al., 2019; Liu et al., 2021; Liu et al., 2021).

114 2.3. Verification of model accuracy

115 Receiver operating characteristic (ROC) and Kappa statistics are frequently used method 

116 evaluated the accuracy of SDM model. ROC curve evaluation method uses the area under curve 

117 (AUC) enclosed by ROC curve and horizontal coordinate to evaluate the accuracy of prediction 

118 model. The value of AUC ranges from 0 to 1, and the closer the value is to 1, the more accurate 

119 the prediction result would be(Liu et al., 2021). Kappa statistics comprehensively considers the 

120 species distribution rate, sensitivity and specificity, the value ranges from - 1 to 1. When the 

121 value is higher than 0.75, it means good consistency, while lower than 0.4 means poor 

122 consistency (Wang, 2006).

123 3. Results

124 3.1. Evaluation of prediction accuracy of different models

125 Ten sets of training data and test data were used to conduct ROC analysis and Kappa 

126 statistics for four niche models(GARP, Maxent, Bioclim and Domain). The table 2 shows that 

127 the average AUC values of four niche models were 0.922, 0.980, 0.957 and 0.940, all of which 

128 were higher than that of random model (AUC=0.5). In addition, the average Kappa value of the 

129 four models is greater than 0.75, indicating that the four models have significant consistency and 

130 high prediction accuracy. 

131 3.2. Potential distribution of B. minax and B. dorsalis simulated by four models.

132 Maxent forecast distribution map(Fig.2 A,E) shows that the suitable area of B. minax in 

133 Sichuan Basin was 21.61×104 km2, accounting for 87.62 % of the basin area. The highly suitable 

134 area was distributed in most of the eastern parallel ridge valley (3.20×104 km2), the north of the 

135 middle shallow hilly zone (2.01×104 km2), the north and south of the peripheral hilly zone 

136 (0.94×104 km2) and the northeast of Chengdu Plain (0.44×104 km2). The moderate suitable area 

137 was distributed in the middle and east of the middle shallow hilly zone (3.86×104 km2), the south 

138 of the eastern parallel ridge valley (2.25×104 km2), the north of the peripheral hilly zone (2.3×104 

139 km2), and the middle and west of the Chengdu Plain (0.94×104 km2). The lowly suitable area was 

140 distributed in the west and north of the peripheral hilly zone (2.2×104 km2), the southwest of the 

141 middle shallow hilly zone (1.53×104 km2), the north of the eastern parallel ridge valley (1.20×104 

142 km2) and the south of Chengdu Plain (0.73×104 km2). The suitable area of B. dorsalis in Sichuan 

143 Basin was 23.49×104 km2, accounting for 95.26 % of the basin area. The highly suitable area was 

144 distributed in most of the eastern parallel ridge valley (1.3×104 km2), the southeast of the middle 

145 shallow hilly zone (1.28×104 km2) and the eastern of the peripheral hilly zone (0.05×104 km2). 

146 The moderate suitable area was distributed in the middle and east of the middle shallow hilly 
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147 zone (5.23×104 km2), the south of the eastern parallel ridge valley (3.51×104 km2), the north of 

148 the peripheral hilly zone (1.45×104 km2), and the middle and west of the Chengdu Plain 

149 (0.77×104 km2). The lowly suitable area was distributed in the west and north of the peripheral 

150 hilly zone (5.41×104 km2), the southwest of the middle shallow hilly zone (0.92×104 km2), the 

151 north of the eastern parallel ridge valley (1.96×104 km2) and the south of Chengdu Plain 

152 (1.62×104 km2).

153 GARP forecast distribution map(Fig.2 B,F) shows that besides the west of the peripheral 

154 hilly zone, the north and south of the Chengdu Plain, the remaining areas were all highly suitable 

155 areas of B. minax, accounting for 73.49 % of the Sichuan Basin. The moderately suitable areas 

156 (2.28×104 km2) could be divided into two parts, one part was concentrated in the north of the 

157 peripheral hilly zone and the north of Chengdu Plain, and the other part extended from the south 

158 of Chengdu Plain to the southwest of the middle shallow hilly zone in a strip shape. The lowly 

159 suitable areas (0.57×104 km2) were scattered in the west of the peripheral hilly zone and the west 

160 of the Chengdu Plain. The highly suitable areas of B. dorsalis mainly concentrated in other areas 

161 except the northwest of middle shallow hilly zone, the north and southeast of eastern parallel 

162 ridge valley, the north of Chengdu plain and the southeast of peripheral hilly zone, and the total 

163 area was 18.12×104 km2.The moderately suitable areas mainly concentrated in the southwest 

164 margin of the high suitable area, with a gross area of 2.28×104 km2. The unsuitable area of B. 

165 dorsalis located in the peripheral hilly zone was 3.68×104 km2, accounting for 15% of the basin 

166 area. 

167 According to the Bioclim(Fig.2 C,G) and Domain(Fig.2 D,H) obtained by the modeling 

168 function of DIVA-GIS, it can be observed that the red region representing the highly suitable 

169 region accounts for a small proportion in these two models. Geographically, Bioclim predicted a 

170 small distribution range, the highly and moderately suitable areas of B. minax were located in the 

171 east of Sichuan Basin. The highly suitable areas (0.59×104 km2) were distributed in the north of 

172 the eastern parallel ridge valley in thin strips. The moderately suitable areas (3.66×104 km2) were 

173 not concentrated, pats of them were located in the eastern parallel ridge valley and adjacent 

174 middle shallow hilly zone in a south-north strip shape, while the rest were distributed in the north 

175 and south of the peripheral hilly zone in a block shape. While the highly and moderately suitable 

176 areas of B. dorsalis were scattered located in east of middle shallow hilly zone, west of eastern 

177 parallel ridge valley and west of peripheral hilly zone, with a gross area of 5.66×104 km2. The 

178 distribution range predicted by Domain model is large, which is generally close to that of GARP 

179 model and the distribution range of highly and moderately suitable areas is similar to that of 

180 Maxent.

181 3.3. Relationship between probability of species and key environmental factors

182 3.3.1 Screening key environmental factors

183 The jackknife test was used again to analyze the importance of factors used for modeling, 

184 and figure. 3 was the analysis result provided by MaxEnt software. Considering the percent 

185 contribution and the permutation importance of the environmental factors, we can know from the 
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186 figure. 4A that Bio9, Bio12, Bio7, Bio14 and Bio10 had higher predictive ability, which the 

187 percent contribution and permutation importance was 83.96% and 87.87%, so these five factors 

188 were identified as key environmental factors affecting the distribution of B. minax . Similarly, it 

189 can be seen from Figure 4B that the key environmental factors affecting the distribution of B. 

190 dorsalis are bio9, bio4, bio2 and bio14..

191

192 3.3.2 the suitable range of key environmental factors

193 Figure. 4 is the response curve between key environmental factors and distribution 

194 probability drawn by MaxEnt model, which can reflect the value range of environmental factors 

195 under different thresholds. According to Wang�s(Wang et al, 2020) classification method, this 

196 paper took 0.33 as the threshold to divide the range of environmental factors suitable for the 

197 distribution of B. minax and B. dorsalis . The response curves of five key environmental factors 

198 affecting the potential distribution of B. minax(Fig. 4 A-E) demonstrate that the suitable ranges 

199 of temperature annual range, mean temperature of driest quarter, mean temperature of warmest 

200 quarter, annual precipitation and precipitation of driest month is 26.27�31.17 #, 4.58�7.07 #, 

201 24.58�27.57 #, 1025.64�1380.34 mm and 15.2�44.65 mm, respectively. Similarly, the key 

202 environmental factors affecting the potential distribution of B. dorsalis (Fig. 4 F-I) is mean 

203 diurnal range, mean temperature of driest quarter, temperature seasonality and precipitation of 

204 driest month, which the threshold ranges are 2�8.61 #, g13.1 #, 341.88�666.67, 15.36�63.82 

205 mm, respectively.

206 4. Discussion

207 In recent years, species distribution is a hot topic, and several available models have been 

208 developed. Through model testing, this paper concluded that the four models could accurately 

209 predict the suitable area of B. minax and B. dorsalis (AUC>0.9), but the average AUC of 

210 prediction results by GARP was the smallest and the accuracy was poor, which may be caused 

211 by the small sample data of B. minax and B. dorsalis . Yang Huifeng(Yang, 2016) tested the 

212 accuracy of GARP prediction results with different sample sizes, and found that the average 

213 AUC tended to be stable (greater than 0.9) only when the sample sizes exceeded a certain 

214 threshold. The prediction results of Domain and Bioclim are smaller than those of other models, 

215 which may be related to the information of samples. The distribution data of B. minax and B. 

216 dorsalis are mainly from the herbarium, and the samples are biased to some extent. Researchers 

217 generally sample according to their own research needs or collect specimens from herbarium, so 

218 the information of samples is relatively scattered, lack of systematic and representative (Wang et 

219 al., 2020). The prediction results of Maxent is more accurate than other models (the average 

220 AUC is 0.980), and relevant literature also proves that Maxent can predict the suitable area of 

221 species well under the condition of large and small samples.

222 The relationship between species and environment is an important aspect of studying the 

223 ecological needs and spatial distribution of species. The paper analyzed the relationship between 

224 the presence probability of fruit fly and the key environmental factors, and obtained the relevant 
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225 feedback curve. The results showed that the presence probability of B. minax changed with the 

226 change of key environmental factors. Among the five key factors, mean temperature of driest 

227 quarter and annual precipitation were the most important environmental factors affecting the 

228 distribution of B. minax, indicating that the diffusion and reproduction process of B. minax was 

229 restricted by the temperature and precipitation. In this study, the suitable range of mean 

230 temperature of driest quarter for B. minax is 4.58�7.07 #, and the optimal value is 5.55 #. The 

231 Sichuan Basin belongs to the subtropical humid climate zone, and the driest season is from 

232 November to April of the next year, B. minax overwintered as the pupae during this period of 

233 time. Ma Jingyan(Ma, 2014) found that when the temperature was between 5# and 10#, the 

234 pupae did not emerge and the survival time could reach 156-250 days, which was basically 

235 consistent with the temperature range of this study. The reason for the slight difference between 

236 Ma Jingyan�s study and this paper may be related to the different criteria for dividing the optimal 

237 interval. The annual precipitation is related to the air and soil moisture, which has a significant 

238 effect on the emergence and survival of imago. When the soil water content is low or high, the 

239 emergence rate is significantly inhibited and the mortality rate increases. Among the four key 

240 environmental factors affecting the distribution of B. dorsalis , mean temperature of driest 

241 quarter and precipitation of driest month were the most important environmental factors. Studies 

242 have shown that B. dorsalis is a tropical and subtropical insect, and its occurrence and 

243 distribution are greatly affected by climate conditions such as temperature and humidity. The 

244 developmental threshold temperature of pupae is 9~11#, and the pupae cannot overwinter or 

245 eclosion safely when the temperature is too low or too high(Kong et al., 2008; Dias et al., 2018;). 

246 The influence of precipitation on B. dorsalis was mainly manifested in two aspects under the 

247 natural conditions. On the one hand, appropriate precipitation can maintain soil moisture and 

248 atmospheric moisture, thus reducing the mortality of mature larvae and newly emerging adults, 

249 and is conducive to the mating and spawning activities of adults. On the other hand, excessive 

250 precipitation will cause high soil moisture, which will affect the larva pupae and pupae grow up 

251 to imago. Note here that the feedback curve between presence probability of environment 

252 variable and environment factors reflects the effect of the single environment factor, but the life 

253 activities of insect is affected by a variety of environmental factors(including climate factors, 

254 host condition, natural enemy species, vegetation, etc.). Therefore, this result can be used as a 

255 reference to judge the relationship between drosophila and environmental factors, but it can not 

256 completely explain the relationship between them.

257 The risk of detecting exotic Tephritidae late or unresponsive can be illustrated by cases of 

258 eradication failure, such as B. carambolae in Suriname, the lag phase from  the first discovery 

259 of infested fruit in 1975 to the identificaton and confirmation of specimens from South-east Asia 

260 in 1986 was 12-year(Naymã et al., 2018; Van., 2005). The prediction models of pests, such as 

261 GARP and MAXENT, can monitor fruit flies before actual problems occur, and make pre-

262 emptive and effective pest management decisions. The research showed that the suitable area of 

263 B. minax was mainly concentrated in the eastern of Sichuan Basin, while the B. dorsalis � were 

264 concentrated in the southeastern. Except for the Bioclim model, the highly and moderately 

265 suitable area by the other three models were larger than 15.94×104 km2(accounting for 55.1% of 
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266 the Sichuan Basin) and 13.58×104(accounting for 65% of the Sichuan Basin), indicating B. 

267 minax and B. dorsalis were suitable for survival in the Sichuan Basin. 

268 Prevention is one of the most effective strategies for the management and monitoring of 

269 drosophila, and it is crucial for determining the population dynamics, comparing infestation 

270 levels among different species, and evaluating the effectiveness of control strategies(Eliopoulos 

271 et al., 2007). A few researchers had used polymerase chain reaction (PCR) to detecte the DNA of 

272 drosophila, and this method offered a highly sensitive, rapid and accurate technique to detect 

273 pests in various biosecurity and ecological applications. Brazilian researchers had proposed a 

274 multimodal fusion approach for the classifier based on two types of images (wings and aculei), 

275 which pointed the way to identify Anastrepha. Now an algorithm had been developed to identify 

276 blotches in hyperspectral images of mangoes that had been invaded by drosophila larvae. 

277 Meanwhile, the development of automatic insect traps has been strengthened and accelerated. 

278 According to relevant study, the above methods can be used to monitor pests well. Therefor, we 

279 should strengthen the study of B. minax and B. dorsalis in Sichuan Basin on the basis of the 

280 above research.

281

282 Figure legends:

283 Figure 1: Potential distribution of B. minax(A-D) and B. dorsalis (E-H) simulated by MaxEnt , GARP , Bioclim and 

284 Domain. CP: Chengdu plain; MH: middle shallow hilly zone in Sichuan basin; ER: eastern parallel ridge valley in 

285 Sichuan Basin; PH, peripheral hilly zone in Sichuan basin.

286 Figure 2: Correlation analysis of environmental factors which may affect potential distribution of B. minax(A) and B. 

287 dorsalis (B). 

288 Figure 3: The importance of environmental factors affecting the distribution of B. minax(A) and B. dorsalis (B) 

289 (jackknife).

290 Figure 4: Response curve of B. minax(A-E) and B. dorsalis (F-I) to key environmental factors
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Figure 1
Correlation analysis of environmental factors which may aûect potential distribution of
B. minax(A) and D. dorsalis(B).
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Figure 2
Potential distribution of B. minax(A-D) and D. dorsalis(E-H) simulated by MaxEnt , GARP ,
Bioclim and Domain
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Figure 3
The importance of environmental factors aûecting the distribution of B. minax(A) and D.
dorsalis(B) (jackknife)
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Figure 4
Response curve of B. minax(A-E) and D. dorsalis(F-I) to key environmental factors
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Table 1(on next page)

Environmental factors aûecting the potential distribution of B. minax or D. dorsalis
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1 Table 1. Environmental factors affecting the potential distribution of B. minax or D. dorsalis

Environment factors Species

Code Variable Unit B. minax D. dorsalis

Bio2 Mean Diurnal Range(Mean of monthly  (max temp - 

min temp)) 

# : :

Bio3 Isothermality(Bio2/Bio7)(×100) / : :
Bio4 Temperature Seasonality (standard  deviation ×100) / :
Bio5 Max Temperature of Warmest Month # :
Bio6 Min Temperature of Coldest Month # :
Bio7 Temperature Annual Range (BIO5-BIO6) # :
Bio9 Mean Temperature of Driest Quarter # : :
Bio10 Mean Temperatureof Warmest Quarter # :
Bio12 Annual Precipitation mm :
Bio13 Precipitation of Wettest Month mm :
Bio14 Precipitation of Driest Month mm : :
Bio15 Precipitation Seasonality(Coefficient of Variation) mm :
Bio18 Precipitation of Warmest Quarter mm :
Alt Elevation m : :
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Table 2(on next page)

The AUC and Kappa values of the four models
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1 Table 2� The AUC and K���� values of the four models

2

Area under receiver operating 

characteristic curve (AUC)
Consistency test statistics ((�����

G����	

Maxent G��� Bioclim Domain Maxent G��� Bioclim Domain

1 00
�� 00

� 00


 00
�� 00��� 00��� 00��� 00���

2 00
�� 00

� 00
�� 00
�� 00�
� 00�
� 00�
� 00�
�

3 00
�� 00
�� 00
�� 00
�� 00��� 00�
� 00��� 00���

4 00
�� 00
�� 00
�� 00
�� 00��� 00��� 00�
� 00���

5 00
�
 00
�� 00
�� 00

� 00��
 00��� 00��� 00��


6 00


 00

� 00
�� 00
�� 00��� 00�
� 00��� 00���

7 00

� 00
�� 00


 00
�
 00��� 00��
 00��� 00�



8 00
�� 00
�� 00
�� 00

� 00��� 00�

 00��� 00�
�

9 00
�� 00
�� 00
�� 00
�� 00��
 00��� 00��� 00���

10 00
�� 00


 00
�
 00
�� 00��� 00��� 00�

 00�
�

Average 00
�� 00
�� 00
�� 00
�� 00��� 00�
� 00��� 00�
�
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