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Background. Habitat characteristics directly affect the population size and geographical
distribution of wildlife species, including the Mangshan pitviper (Protobothrops
mangshanensis), a critically endangered snake species endemic to China. Plots used by
this species were paired with random plots to study habitat selection of Mangshan pitviper
in spring, summer, and autumn, with the goals of gaining a better understanding of the
mechanisms affecting its habitat requirements and testing the influence of seasonality on
habitat selection. Results. We conducted the study in Hunan Mangshan National Nature
Reserve in 2015 and 2016. We measured 14 habitat variables seasonally in used and
paired plots: 20 (spring), 31 (summer), and 32 (autumn). Snakes tended to select open
habitat with a relatively short distance to water, high fallen log density, and relatively
gently sloping gradient in spring. In summer, habitats with relatively high fallen log
density, shrub density, shrub height, and more gravel were most important, while in
autumn these snakes tended to select habitats having relatively high fallen log density and
shrub height, and those relatively close to water. Conclusion. The ecological variables
making the important contribution to habitat selection of snakes changed with the season.
Canopy cover and herb cover were important variables for seasonal discrimination. Due to
the seasonal differences in habitat selection of Mangshan pitviper, some targeted
measures should be carried out to improve conservation efforts in support of this critically
endangered snake species.
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17 Abstract

18 Background. Habitat characteristics directly affect the population size and geographical 

19 distribution of wildlife species, including the Mangshan pitviper (Protobothrops mangshanensis), 

20 a critically endangered snake species endemic to China. Plots used by this species were paired 

21 with random plots to study habitat selection of Mangshan pitviper in spring, summer, and 

22 autumn, with the goals of gaining a better understanding of the mechanisms affecting its habitat 

23 requirements and testing the influence of seasonality on habitat selection.

24 Results. We conducted the study in Hunan Mangshan National Nature Reserve in 2015 and 2016. 

25 We measured 14 habitat variables seasonally in used and paired plots: 20 (spring), 31 (summer), 

26 and 32 (autumn). Snakes tended to select open habitat with a relatively short distance to water, 

27 high fallen log density, and relatively gently sloping gradient in spring. In summer, habitats with 

28 relatively high fallen log density, shrub density, shrub height, and more gravel were most 

29 important, while in autumn these snakes tended to select habitats having relatively high fallen 

30 log density and shrub height, and those relatively close to water.

31 Conclusion. The ecological variables making the important contribution to habitat selection of 

32 snakes changed with the season. Canopy cover and herb cover were important variables for 

33 seasonal discrimination. Due to the seasonal differences in habitat selection of Mangshan 

34 pitviper, some targeted measures should be carried out to improve conservation efforts in support 

35 of this critically endangered snake species.

36

37 Introduction
38 Most wild animals require multiple habitats types to obtain the various resources (Raynor et al., 2017; Leite et 

39 al., 2018), which would provide them opportunities for predation, reproduction, and shelter (Doligez, Danchin 
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40 & Clobert, 2002; Hyslop, Cooper & Meyers, 2009; O’Hanlon, Herberstein & Holwell, 2015). It is very 

41 important for wildlife conservation and management to master their habitat preference, habitat demand and the 

42 change of habitat selection mode in different seasons, especially endangered animals (Willems & Hill, 2009; 

43 Ali et al., 2017; Mandlate, Cuamba & Rodrigues, 2019). Although the distribution areas of many endangered 

44 animals are classified into nature reserves for special protection and management, the information of their 

45 habitat selection is often scarce because of the low population, narrow and remote distribution area, low public 

46 attention, and the danger of poisonous animals to investigators (Rechetelo et al., 2016; Sutton et al., 2017).

47 The relationship between the wild animals and their habitat is often variable (Lunghi, Manenti & Ficetola, 

48 2015; Ortega, Mencia & Perezmellado, 2016). As ectothermic animals, snakes are very sensitive to thermal 

49 changes in their external environment, and therefore, habitat selection often varies in different seasons based 

50 on thermoregulatory requirements (Weatherhead & Brawn, 2006; Sprague & Bateman, 2018). In addition, 

51 breeding, prey availability, retreating and other factors are also important factors affecting the seasonal habitat 

52 selection of snakes (Harvey & Weatherhead, 2006; Sperry & Weatherhead, 2009; Gardiner et al., 2015). 

53 Snakes may also choose a preferred habitat factor that is not affected by the seasons, which brings them 

54 survival benefits and maximizing resource availability (Sutton et al., 2017; Hecnar & Hecnar, 2011). Such as, 

55 snakes may give priority to habitats that are easy to hunt for food and allowing a good place to escape (Wasko 

56 & Sasa, 2011; Gardiner et al., 2015).

57 The Mangshan pitviper (Protobothrops mangshanensis) is the largest species of Viperidae in China (up to 2 

58 m long and 2–4 kg in weight) (Gong et al., 2013), but it has a very limited distribution (occupying c. 10,500 

59 ha). Mangshan pitviper has been estimated to be less than 500 individuals (Chen et al., 2013; Gong et al., 

60 2013), and as such, it is classified as an endangered species on the IUCN Red List of Threatened Species, 

61 listed in Appendix II of the CITES (Convention on International Trade in Endangered Species of Wild Fauna 

62 and Flora) in 2013, and listed as critically endangered on the Red List of China’s Vertebrates in 2016 (Jiang et 

63 al., 2016). The majority of studies of Mangshan pitviper have focused on venom (Mebs et al., 2006; Murakami 

64 et al., 2008; Valenta, Stach & Otahal, 2012), identification of individuals (Yang et al., 2013), and on 

65 population status and distribution (Gong et al., 2013). However, little is known about seasonal variation in 

66 habitat selection, which would provide basic information about how the snake meets its needs for survival; 

67 therefore, this information is especially crucial in efforts to preserve this at-risk species.

68 The primary objective of this study was: 1) to employ pairs of used and random selected plots to explore the 

69 mechanism responsible for habitat requirements of P. mangshanensis, and to better inform management 

70 decisions regarding the future conservation of this critically endangered species, 2) to test if habitat selection 

71 would change with season, and to study how environmental variables affect the habitat selection of snakes on 

72 each season, 3) to identify habitat elements that were consistently selected by snakes. We hypothesized that 

73 many environmental factors or structural resources that make up habitats are constantly changing, forcing 

74 snakes to choose habitats accordingly, and the snakes have their preferred habitat.

75

76 Materials & Methods

77 Study area

78 Hunan Mangshan National Nature Reserve (hereafter referred to as the Mangshan Reserve) is located in 

79 Yizhang County, Chenzhou City, Hunan Province, at the northern foot of the Nanling Mountains in China 

80 (24°53'00"–25°03'12"N, 112°43'19"–113°00'10"E). Elevations range from 436–1902.3 m, and the total area 

81 covers 198.33 km2. Mangshan Reserve lies within the subtropical humid monsoon climatic zone of China, with 

82 an average annual temperature, relative humidity, and precipitation of 17.2°C, of 82.8%, and 1950 mm, 

83 respectively. This area features a frost-free period averaging 290 days. The seasons of the Mangshan Reserve 

84 are the following: spring = March–April; summer = May–August; autumn = September–October; winter = 

85 November–February (Sun et al., 2011). The vegetation type is mainly subtropical evergreen broad-leaved 
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86 forest in areas < 1000 m a.s.l., with mainly coniferous and broad-leaved mixed forest at elevations > 1000 m 

87 a.s.l. (Fu et al., 2012).

88 Survey methods

89 We looked for P. mangshanensis through the transect survey. After a snake was discovered, we recorded the 

90 GPS location accurately using a global positioning system (GPS) unit (Beijing UniStrong Science and 

91 Technology Co., Ltd, Beijing, China). We used head patch pattern as a reliable biometric character to 

92 recognize Mangshan pitviper individuals (Yang et al., 2013). Based on field surveys conducted from 2012 to 

93 2016, we identified 83 locations from different individuals for seasonal habitat studies (20 sites surveyed in 

94 spring, 31 in summer, and 32 in autumn; Fig. 1) using 10 m × 10 m plots. Plots used by snake individuals 

95 (used plots) were placed with the location used by P. mangshanensis as the center point. To compare used and 

96 available habitat, we conducted habitat studies at used plots and paired random plots (Keating and Cherry, 

97 2004; Johnson et al., 2006). The direction and distance (between 50 and 150 m) of the paired plot from each 

98 used plot were determined using a random number generator (Sprague & Bateman, 2018). If the random plot 

99 occurred in an area that was not accessible to snakes, a new location was determined. Habitat variables were 

100 measured in used and paired random plots in April (spring), July (summer), and October (autumn) of 2015 and 

101 2016.

102 Habitat variables

103 Based on a review of the current literature and data from our previous research (Fig. 2), we identified 14 

104 important habitat variables for P. mangshanensis (Baxley, Lipps & Qualls, 2011; Gardiner et al., 2015; 

105 Buchanan et al., 2017; Sutton et al., 2017; Sprague and Bateman, 2018), including three categorical variables 

106 (gravel, slope aspect, and slope location) (Table S1)and 11 numerical variables. Habitat variables were 

107 measured as follows. (1) Gravel: rated based on the proportional area of gravel in sites where snakes take 

108 shelter. (2) Slope aspect: we walked vertically along the slope with a Samsung SM-T555C tablet computer 

109 (Seoul, Korea), looking at the direction of the pointer of Orux Map software (www.oruxmaps.com) using north 

110 as 0°, measuring clockwise from 0° to 360°. We defined 45°–134°, 135°–224°, 225°–314°, and 315°–44° as 

111 semi-sunny, sunny, semi-shady, and shady slopes, respectively. (3) Slope location was divided into three 

112 categories according to the elevation: upper, middle, and lower slope, including the upper, middle, and lower 

113 third of the hillside, respectively. (4) Elevation was obtained at the center of the plots by Orux Map software. 

114 (5) Slope gradient was measured from the lowest to the highest point in each plot using a Nikon Forestry 550 

115 laser rangefinder (Nikon, Tokyo, Japan). (6) Distance to water: the linear distance between the plot and the 

116 nearest water was measured using a Nikon Forestry 550 laser rangefinder. (7) Tree density was measured as 

117 the number of trees in each plot/100 m2 with diameter at breast height >4 cm. (8) Fallen log density: the 

118 number of fallen logs in each plot (diameter >4 cm). (9) Canopy cover: in the four corners and the center of the 

119 plot, we surveyed the vertical projection of trees and averaged the measured value. (10), (11), (12), (13), and 

120 (14) Shrub density, shrub height, herb cover, herb height, and deciduous coverage were measured in five small 

121 plots (1 m × 1 m) at the four corners and the center of the plot, with an average calculated for each variable. 

122 Shrub density was measured as the total number of shrubs in each small plot. Shrub height was the average 

123 height of shrubs in each small plot. Herb cover was the percent of herbaceous ground cover in each small 

124 plot/small plot area. Herb height was the average of maximum height of herbs in each small plot. Deciduous 

125 coverage was the area of deciduous leaf cover in each small plot/small plot area.

126 Statistical analyses

127 Kolmogorov-Smirnov Test of a Single Sample was used to test the normal distribution of the 11 numerical 

128 variables. Seasonal differences between habitat variables in used versus paired plots were compared using chi-

129 square tests (for categorical variables), paired sample t-tests (for numerical variables consistent with normal 

130 distribution) and Mann-Whitey U Test in nonparametric test (for numerical variables that do not consistent 

131 with normal distribution). Statistical results were corrected by Bonferroni correction. Statistical significance 
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132 was categorized as follows: extremely significant (P ≤ 0.01), significant (P ≤ 0.05), and insignificant (P > 

133 0.05).

134 To determine the most important factors affecting the seasonal habitat selection of P. mangshanensis, the 

135 numerical variables need to be screened by principal component analysis (PCA) (Table S2) and Pearson 

136 correlation tests (Table S3-6). Principal Component Analysis was carried out for 11 numerical variables in 

137 spring, summer, autumn, and three seasons, respectively (Table S2). The principal component with the highest 

138 contribution rate was selected and the standardized eigenvectors of each variable were obtained. Then, paired 

139 Pearson correlation tests were performed for 11 numerical variables. If there was correlation between the two 

140 variables, the variable with larger eigenvectors was retained (Table S3-6). Finally, there were seven numerical 

141 variables retained in spring (elevation, distance to water, deciduous coverage, tree density, fallen log density, 

142 canopy cover, and shrub density). Eight numerical variables were retained in summer (elevation, distance to 

143 water, tree density, fallen log density, canopy cover, shrub density, shrub height and herb cover). Seven 

144 numerical variables were retained in autumn (elevation, slope gradient, distance to water, tree density, fallen 

145 log density, shrub height and herb cover). Nine numerical variables were retained in three seasons (elevation, 

146 slope gradient, distance to water, deciduous coverage, tree density, fallen log density, canopy cover, shrub 

147 height, and herb cover).

148 After screening numerical variables from spring, summer, and autumn, respectively, data were analyzed 

149 using binomial logistic regression to determine which factors have the strongest effect on habitat selection of 

150 Mangshan pitviper in different seasons. All possible models were considered for snakes that affect their habitat 

151 selection (R 3.5.1, The R Foundation for Statistical Computing, package “rJava, glmulti, and MuMIn”). The 

152 models were screened by Akaike's Information Criterion (AIC). The AIC, AICc (for small sample sizes, use 

153 the second-order AIC), ΔAICc (ΔAICci =AICci − min AICc, where AICci is the AICc value for model i, and 

154 min AICc is the AICc value of the “best” model), and Akaike Weights (wi, probability of becoming the “best” 

155 model in the candidate models) of each model were calculated, respectively. Two measures associated with the 

156 AIC can be used to compare models: the ΔAICc and wi. The “best” model had a ΔAICc = 0, but we also 

157 considered all models with a ΔAICc < 2 (Burnham & Anderson, 2002; Mazerolle, 2006). Additionally, 

158 ecological variables in three seasons (data from used plots and random plots) were compared using canonical 

159 discriminant analysis to obtain canonical discriminant function coefficients of a linear combination of 

160 ecological variables. Any data that did not conform to a normal distribution was standardized. All data were 

161 processed by Excel 2016 and analyzed using SPSS 20.0, IBM.

162

163 Results

164 Habitat selection in spring

165 At the 100 m2 plot scale, fallen log density (t = 3.90, df = 19, P = 0.002) affected the probability 

166 of habitat selection by Mangshan pitviper positively, while slope gradient (t = -4.41, df = 19, P < 

167 0.001), distance to water (t = -3.26, df = 19, P = 0.008), shrub height (t = -4.49, df = 19, P = 

168 0.000), herb cover (t = -2.63, df = 19, P = 0.034), and herb height (t = 3.68, df = 19, P = 0.004) 

169 had a negative effect (Table 1). The “best” model with min ΔAICc shows that distance to water 

170 and deciduous coverage were most important variables affecting habitat selection of P. 

171 mangshanensis (Table 2). The statistics related to the relative important values for each variable 

172 used in the models show that the contribution rate of distance to water and fallen log density 

173 were relatively high, followed by deciduous coverage, and the contribution rate of the tree 

174 density was relatively small (Table 3). In spring, snakes tended to select habitats near water and 

175 with a relatively high fallen log density (Table 1-3).
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176 Habitat selection in summer

177 Significant or extremely significant differences were observed in gravel (X2 = 5.994, df = 2, P = 

178 0.05), fallen log density (t = 3.69, df = 30, P = 0.002), shrub density (t = 3.02, df = 30, P = 

179 0.010), and shrub height (t = 2.36, df = 30, P = 0.050) between used and paired random plots 

180 (Table 1). According to the “best” model, fallen log density, shrub density, and canopy cover 

181 were most important for habitat selection of snakes (Table 2). The statistics of relative important 

182 values for each variable used in the models show that the contribution rates of fallen log density 

183 and shrub density were relatively high, followed by shrub height, indicating the Mangshan 

184 pitviper's preference for these variables; meanwhile, the contribution rate of the canopy cover 

185 was relatively low (Table 3). Snakes most frequently selected the habitats with relatively high 

186 fallen log density, shrub density, and shrub height in summer, indicating the prediction 

187 probability of habitat selection by the snakes (Table 1-3).

188 Habitat selection in autumn

189 Habitat variables in used versus paired plots were significant differences were observed in fallen 

190 log density (t = 2.91, df = 31, P = 0.014), shrub height (t = 2.70, df = 31, P = 0.022), and 

191 distance to water (t = -2.55, df = 31, P = 0.032) (Table 1). Two optimal models were constructed 

192 and the “best” model shows that fallen log density and shrub height were most important for 

193 habitat selection of P. mangshanensis, proving that snakes have strong selectivity for these 

194 variables (Table 2). The statistics of relative important values were consistent (Table 3). In 

195 autumn, snakes significantly preferred the habitats with relatively high fallen log density and 

196 shrub height that were relatively close to water (Table 1-3).

197 Comparison of habitat selection variables in different seasons

198 The main ecological variables affecting habitat selection of Mangshan pitviper were shown to 

199 change with seasons (Table 1–3). Deciduous coverage and tree density are important ecological 

200 variables affecting snake habitat selection only in spring. Shrub density and canopy cover are 

201 important ecological variables affecting snake habitat selection only in summer. Fallen log 

202 density is the only important ecological variable affecting snake habitat selection in all three 

203 seasons, which proves that the habitat element is preferred by snakes and not affected by seasons. 

204 Results from the stepwise discriminant function analyses showed that spring, summer, and 

205 autumn can be distinguished by two typical discriminant functions (Table 4). The first 

206 discriminant function could distinguish the three seasons significantly with a contribution rate of 

207 98.2%. Based on the contribution rates, the important variables for the seasonal discrimination 

208 were canopy cover and herb cover (Table 4). The discriminant plot established by two 

209 discriminant functions (Fig. 2) showed that habitat selection variables were effectively separated 

210 in spring, summer, and autumn. Among them, there was less overlap among the variables 

211 between spring and summer or between autumn and summer.

212

213 Discussion

214 Due to the heterogeneity of the environment, habitat selection of P. mangshanensis varied in 

215 different seasons. Overall, snakes selected habitat that was close to water, had a relatively high 
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216 fallen log density, low shrub as well as herb height, less herb cover, and had a relatively gentle 

217 slope gradient in spring. In summer, they selected habitats with relatively more gravel, higher 

218 fallen log density, higher shrub density, and higher shrub height. In autumn, they tended to select 

219 habitats with a relatively high fallen log density, shrub height, and that were relatively close to 

220 water.

221 Shelter and water considerations

222 Snakes usually choose rocks, vegetation, and burrows as shelter (Webb, Shine & Pringle, 2005; 

223 Hyslop et al., 2009). The need for thermoregulation and the location of potential prey influenced 

224 the site selection of snakes seeking shelter (Whitaker & Shine, 2003; Webb, Shine & Pringle, 

225 2005). A lack of adequate shelter can perturb behaviors, increase stress levels, and thus alter 

226 physiological performance (e.g. digestive, immune, or reproductive functions) for snakes 

227 (Bonnet, Fizesan & Michel, 2013). Our data indicated that P. mangshanensis tended to select 

228 habitat with relatively high fallen log density in all three seasons analyzed here. The snakes were 

229 also often discovered beside fallen logs in the field and gave priority to fallen logs when 

230 crawling according to our observation (Fig. 2). The body color of the snakes is similar to that of 

231 a fallen log, which makes it difficult to find them. Therefore, one of the most appropriate types 

232 of shelter for this snake species is fallen logs. This habitat element was preferred by snakes, and 

233 they consistently selected it in all three seasons. The habitat element preferred by animals is 

234 related to animal’s response to habitat heterogeneity (Price-Rees, Brown & Shine, 2013). 

235 Resources may be unevenly distributed in space in habitats within the home range of animals, so 

236 that the animals must move about to seek the best locations, which can influence their acquisition 

237 of nutrients (Sperry & Weatherhead, 2009), perfect mimicry (O’Hanlon, Herberstein & Holwell, 

238 2013; Skelhorn and Ruxton, 2013), and help with thermoregulation (Ortega & Perez-Mellado, 

239 2016). As a sit-and-wait predator, Mangshan pitviper may have evolved phenotypic 

240 characteristics that lure prey to the snakes because the snake resembles a food item. The 

241 Mangshan pitviper has a white tail, but the body color and markings are similar to the moss on 

242 fallen logs. Mangshan pitviper may also elicit predatory responses from prey by waving the 

243 distal portion of their tails, just like other snakes (Nelson, Garnett & Evans, 2010). Therefore, we 

244 predict that the snakes prefer fallen logs that maximize the efficacy of their deceptive signal and 

245 the likelihood that signal receivers are successfully deceived, which is an optimal foraging 

246 strategy and under optimal foraging theory (O’Hanlon, Herberstein & Holwell, 2013). In brief, 

247 fallen logs may offer P. mangshanensis protection from predators and convenience for predation.

248 Water availability and distribution are important determinants of behavior and habitat 

249 selection in snakes (Halstead, Wylie & Casazza, 2010; Sprague & Bateman, 2018). Our data 

250 indicated that P. mangshanensis tended to select habitat that was relatively close to water in 

251 spring and autumn, which indicated that their habitat selection behavior was affected by the 

252 distribution of water (Table 1). In addition, based on four months of continuous tracking of three 

253 individuals, Mangshan pitviper did not visit streams to drink water or regulate body temperature. 

254 We observed that small mammals were more abundant in habitats that were relatively close to 

255 water. Such habitats might provide improved foraging opportunities to Mangshan pitviper.
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256 Thermoregulatory aspects of habitat selection

257 Because snakes are ectotherms, thermoregulation of snakes directly affects their movement, 

258 digestion, growth rate, physiological behavior, and habitat selection (Webb & Shine, 1998; 

259 Blouin-Demers & Weatherhead, 2008; Row & Blouin-Demers, 2006; Lelièvre et al., 2011). To 

260 achieve their preferred temperatures during different physiological periods, snakes selected 

261 habitats with certain thermodynamic characteristics (Bruton et al., 2014). For example, the 

262 broad-headed snakes (Hoplocephalus bungaroides) actively selected thin (< 15-cm thick) 

263 unshaded rocks in spring and avoided thin exposed rocks when temperatures exceeded 40°C in 

264 the summer (Webb & Shine, 1998).

265 Habitats with the preferred thermal conditions can provide greater fitness rewards, in terms of 

266 both reproductive output and growth rate (Paterson & Gabriel, 2018; Sprague & Bateman, 

267 2018). Nocturnal reptiles use sun-exposed shelters for diurnal thermoregulation, especially in 

268 spring (Webb, Shine & Pringle, 2005). Compared with summer and autumn, in spring P. 

269 mangshanensis tended to choose a more open habitat with a lower slope gradient, shrub height, 

270 herb cover, and herb height (Table 1), and so they had more opportunities to select basking spots 

271 in the sunshine and enhance their body temperature (Fig. 2C). In summer, when the air 

272 temperatures were higher and there was less demand for sunlight, snakes tended to select habitats 

273 with more gravel, greater shrub density, and higher shrub density. Thermoregulation is an 

274 important factor affecting the habitat selection in nocturnal Mangshan pitviper.

275 Seasonal habitat differences

276 The role of seasonality in habitat selection of ectotherms is important, and their habitat needs 

277 may change seasonally (Brito, 2009; Hyslop et al., 2009; Sprague & Bateman, 2018). The 

278 ecological variables making an important contribution to habitat selection of P. mangshanensis 

279 changed with seasons (Table 1-3; Fig. 3). The seasonal variation in their habitat selection was 

280 unique compared with other snakes (Row & Blouin-Demers, 2006; Hyslop, Cooper & Meyers, 

281 2009; Sprague & Bateman, 2018). In spring, P. mangshanensis chose more open habitat with 

282 relatively close to water with high fallen log density, and more gently sloping habitats, possibly 

283 for foraging, economizing on physical energy, and thermoregulation, which was different from 

284 their selected habitats in summer and autumn (Table 1-3). Unfortunately, such habitats also 

285 allow poachers to more easily find individual snakes. Their habitat selection in autumn was 

286 similar to that in spring. In spring and autumn, the snakes tended to select habitats with a 

287 relatively high fallen log density that were relatively close to water, which may be beneficial in 

288 that the cryptic coloration of the snakes may aide in their search for food. These results 

289 emphasize that habitat selection of snakes change with season, and the important environmental 

290 variables affecting the habitat selection of snakes during each season are different, which also 

291 reflect the behavioral flexibility of snakes to adapt to seasonal variations. Among the three 

292 seasons analyzed here, little overlap was observed between the variables that were important in 

293 summer and the other two seasons (Fig. 3). The variables that caused this difference were mainly 

294 canopy cover and herb cover, which showed that the snake's requirements for vegetation cover in 

295 summer were different from those in the other two seasons. This difference may be due to 
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296 seasonal variations in solar radiation, which also leads to changes in environmental temperature 

297 and plant growth (Ortega & Perez-Mellado, 2016). Environmental factors or structural resources 

298 that make up habitats are constantly changing. In order to meet their needs for survival needs, 

299 snakes choose habitats accordingly. In any case, our results studying the mechanism responsible 

300 for habitat requirements of P. mangshanensis during spring, summer, and autumn support the 

301 conclusion that seasonality is the most important factor affecting habitat selection of this snake.

302

303 Conclusions

304 Mangshan pitviper select an open habitat with relatively gently sloping gradients and closer 

305 distance to water in spring, shaded habitat (relatively high gravel ground cover as well as high 

306 vegetation density and cover) to avoid high temperatures in summer, and relatively high shrub 

307 height in autumn. The distribution of water affects habitat selection of P. mangshanensis in 

308 spring and autumn. P. mangshanensis prefer fallen logs as a shelter in spring, summer, and 

309 autumn. Seasonal variations significantly affected the habitat selection of P. mangshanensis. 

310 Canopy cover and herb cover were the main factors leading to seasonal differences in the habitat 

311 selection of P. mangshanensis. Based on the habitat selection requirements of P. mangshanensis 

312 and the current management status of the Mangshan Reserve, we offer the following suggestions 

313 for the continued conservation of this critically endangered snake species. (1) Snakes often were 

314 disturbed or caught by bamboo shoot collectors and poachers in spring. The Administration 

315 Bureau of Mangshan Reserve must actively work to reduce the illegal collection of bamboo 

316 shoots and prevent poaching in the Mangshan Reserve. (2) A scientifically sound plan should be 

317 designed to promote the value of ecological tourism but at the same time prevent damage to 

318 vegetation and changes in the distribution of streams. (3) Some of the natural shelters used by 

319 this species have been destroyed by the construction of hydropower stations, man-made water 

320 channels, and tourist trails, so methods should be explored to rehabilitate the lost or degraded 

321 habitat of P. mangshanensis by building artificial shelters that mimic the appropriate physical 

322 characteristics of their preferred fallen log shelters.

323
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Figure 1
Figure 1 Distribution map of habitat study sites of Protobothrops mangshanensis
showing used versus control plots in different seasons.

The coincidence plot indicated where snake individuals were located in the same sites for
two or three seasons. All the snake individuals were found only in the eastern part of the
Hunan Mangshan National Nature Reserve. The core zone is the most strictly protected part
of the reserve. The buffer zone surrounds or is contiguous to the core area. Only scientific
research is allowed in the buffer zone. The experimental zone is the outer area of the reserve
and is less strictly regulated. An inset map shows the general location of the study area in
China.
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Figure 2
Figure 2 The Mangshan pit viper (Protobothrops mangshanensis) and its habitats.

The body color of Mangshan Pit viper blends well into the surrounding environment. a)
Typical habitats of the Mangshan Pit viper; b) an individual Mangshan Pit viper on fallen log;
c) an individual Mangshan Pit viper selects a basking spot in sunshine and enhances its body
temperature; d) an individual Mangshan pit viper crawling on a fallen log.
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Figure 3
Figure 3 Seasonal discrimination in the habitats of the Mangshan pit viper
(Protobothrops mangshanensis).

The results of seasonal discrimination analysis were calculated by the numerical ecological
factor in plots used during spring, summer, and autumn.
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Table 1(on next page)

Table 1 Descriptive statistics and comparison of values of twelve ecological variables in
used versus paired plots for habitat of the Mangshan pitviper (Protobothrops
mangshanensis) in three different seasons (mean ± SE).

* Significant difference between habitat variables in used versus paired plots (p≤ 0.05). **
Extremely significant difference between habitat variables in used versus paired plots (p≤
0.01).
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1 Table 1 Descriptive statistics and comparison of values of twelve ecological variables in used versus paired plots for habitat of 

2 the Mangshan pitviper (Protobothrops mangshanensis) in three different seasons (mean ± SE). * Significant difference between 

3 habitat variables in used versus paired plots (p≤ 0.05). ** Extremely significant difference between habitat variables in used versus 

4 paired plots (p≤ 0.01).

Spring Summer Autumn
Ecological variable

Used plots (n=20) paired plots (n=20) P-value Used plots (n=31) paired plots (n=31) P-value Used plots (n=32) paired plots (n=32) P-value

Elevation (m) 1039±38 1025±41 0.696 992±48 988±49 0.144 1064±57 1061±57 0.477

Slope gradient (°) 17.66±1.67 27.78±2.11 <0.01** 29.59±2.68 28.09±3.07 0.665 28.23±2.39 27.60±2.76 0.849

Distance to water (m) 16.70±1.83 26.70±2.27 0.008** 26.58±5.19 31.58±5.19 0.096 24.38±1.02 30.25±2.37 0.032*

Deciduous coverage (%) 74.40±4.81 82.71±3.1 0.066 84.24±2.17 83.47±2.53 0.772 83.94±1.81 85.90±1.85 0.282

Tree density (trees/100 m2) 18.45±1.37 17.45±1.3 0.515 18.50±1.44 18.16±1.47 0.845 19.48±1.45 18.47±1.36 0.586

Fallen log density (number/100 m2) 7.85±0.79 4.80±0.51 0.002** 7.35±0.63 4.81±0.44 0.002** 7.18±0.42 5.43±0.46 0.014*

Canopy cover (%) 68.95±3.86 71.37±3.1 0.574 84.77±1.11 83.11±1.27 0.286 73.92±2.12 75.79±1.78 0.452

Shrub density (trees/m2) 6.79±0.62 7.30±0.64 0.527 7.92±1.11 4.60±0.55 0.01** 7.78±0.63 7.18±0.62 0.418

Shrub height (cm) 136.48±5.59 163.39±7.26 <0.01** 187.90±6.11 173.54±6.58 0.05* 177.18±9.42 150.17±7.08 0.022*

Herb cover (%) 17.30±2.05 27.42±2.8 0.034* 30.13±3.18 35.46±3.58 0.27 21.68±2.49 22.26±2.26 0.848

Herb height (cm) 19.61±1.24 37.80±5.21 0.004** 30.32±3.7 28.28±2.45 0.665 30.04±3.24 31.55±3.19 0.747
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Table 2(on next page)

Table 2 Models for predicting habitat selection by Mangshan pitviper (Protobothrops
mangshanensis), Akaike’s Information Criterion (AIC), and the difference of Akaike
Weights (wi) in three different seasons.

DW: distance to water; TD: tree density; FD: fallen log density; CC: canopy cover; SD: shrub
density; SH: shrub height; DC: deciduous coverage; (+) and (-) indicate: the variables values
of used plots were significantly or extremely higher or lower than those paired random plots,
respectively. Models were screened according to Akaike’s Information Criterion (AIC).
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1 Table 2 Models for predicting habitat selection by Mangshan pitviper (Protobothrops mangshanensis), Akaike’s Information Criterion (AIC), and 

2 the difference of Akaike Weights (wi) in three different seasons. DW: distance to water; TD: tree density; FD: fallen log density; CC: canopy cover; SD: 

3 shrub density; SH: shrub height; DC: deciduous coverage; (+) and (-) indicate: the variables values of used plots were significantly or extremely higher or 

4 lower than those paired random plots, respectively. Models were screened according to Akaike’s Information Criterion (AIC).

Seasonal
Model 

ID
Model AIC K AICc ΔAICc Exp(ΔAICc) wi 

Correctly 

classified (%) 

1 DW(-) + DC 50.32 4 51.47 0.00 1.00 0.53 75.00

2 DW(-) + FD(+) 51.67 6 52.81 1.34 3.82 0.27 70.00Spring

3 DW(-) + FD(+) + DC + TD 50.86 6 53.41 1.94 6.96 0.20 77.50

1 FD(+) + SD(+) + CC 84.06 5 83.37 0.00 1.00 0.44 69.40

2 FD(+) + SD(+) 82.30 4 83.70 0.32 1.38 0.38 66.10Summer

3 FD (+)+ SD(+) + SH(+) 82.99 5 85.13 1.76 5.81 0.18 74.20

1 FD(+) + SH(+) 86.65 4 87.35 0.00 1.00 0.50 75.00
Autumn

2 FD(+) + DW(-) 86.68 4 87.39 0.04 1.04 0.50 73.20

5
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Table 3(on next page)

Table 3 Relative important values for each variable used. Each sum stands for the sum
of Akaike weights in all the models including the given variable.
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1 Table 3 Relative important values for each variable used. Each sum stands for the sum of 

2 Akaike weights in all the models including the given variable. 

Seasonal Ecological variable Sum of wi

distance to water 1.00

fallen log density 0.73

deciduous coverage 0.47
Spring

tree density 0.2

fallen log density 1.00

shrub density 1.00

shrub height 0.44
Summer

canopy cover 0.18

fallen log density 1.00

shrub height 0.50Autumn

distance to water 0.50

3
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Table 4(on next page)

Table 4 Results of the stepwise discriminant function analyses of numerical variables in
the habitats of the Mangshan pitviper (Protobothrops mangshanensis) used for seasonal
discrimination.
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1 Table 4 Results of the stepwise discriminant function analyses of numerical variables in the 

2 habitats of the Mangshan pitviper (Protobothrops mangshanensis) used for seasonal 

3 discrimination.

Discriminant function coefficient
Ecological variable

Function 1 Function 2

Wilks’ 

Lambda
F P

Canopy cover 0.900 -0.495 0.793 21.262 =0.000

Herb cover 0.688 0.763 0.676 17.486 =0.000

Wilks’ Lambda 0.676 0.992 − − −
F, df, p 63.528, 4, =0.000 1.362, 1, =0.242 − − −
Eigenvalue 0.466 0.008 − − −
Contribution rate 98.2% 1.80% − − −
Cumulative 

contribution rate
98.2% 100.0% − − −

4
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