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17 Abstract: Fire is a critical component of terrestrial ecosystems and essential to 

18 understand the composition and diversity of communities in fire-prone regions. 

19 Nevertheless, fire does not act alone, and other factors such as land-use type and 

20 vegetation structure can also operate at different scales, prompting the response to fire 

21 of ectotherm communities such as reptiles. We have evaluated the influence of 

22 environmental factors on the abundance, diversity, and richness of reptile communities 

23 in Serra da Estrela Natural Park (northern Portugal), at both the landscape and micro-

24 habitat scales. In spring 2014 and 2015, 20 transects were surveyed eight times, the 

25 vegetation structure and composition were measured, and the extent of land-use types 
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26 around each transect calculated in this Mediterranean community. At the landscape 

27 scale, reptile abundance was higher in natural woodlands and more complex habitats 

28 (higher vegetation heterogeneity and plant richness), and reptile evenness was affected 

29 by vegetation heterogeneity and time since fire. By contrast, species richness was not 

30 related to any environmental factor measured in this study. Only two lizard species were 

31 common in the park, Psammodromus algirus and Podarcis guadarramae. Their relative 

32 abundances increased with contrasting habitat variables as the former is a ground-

33 dwelling lizard specialist that prefers heterogeneous (unburnt) habitats and the second is 

34 a rock lizard that selects open (burnt) stands. At the micro-habitat scale, the probability 

35 of reptile presence, reptile abundance, and reptile richness increased with plant richness 

36 and decreased with tree cover. This study highlights the importance of several 

37 environmental factors, that operate from micro-habitat to landscape scales to understand 

38 the response of reptiles to fire.

39
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41

42 1. Introduction

43 Fire is a fundamental driver of many terrestrial biomes, including Mediterranean type 

44 ecosystems (Bond et al., 2005; Bowman et al., 2009, Pausas and Keeley, 2009), and 

45 many species have adaptive traits that enable them to persist in these fire-prone habitats 

46 (Keeley et al., 2012, Santos and Cheylan, 2013). In the Mediterranean basin, vegetation 

47 structure (e.g. heterogeneity, plant diversity, vegetation cover), land-use and fire history 

48 (e.g. fire recurrence and time since fire), synergistically interact and shape species 

49 habitats (Blondel et al., 2010), with important consequences for the diversity and 

50 abundance of different animal species (Moreira and Russo, 2007), but particularly for 
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51 taxa with low-dispersal ability such as reptiles (Santos et al., 2014; Badiane et al., 

52 2017). Reptiles are sensitive to alterations in habitat attributes such as vegetation 

53 structure (e.g. heterogeneity and cover of the different vegetation strata) because they 

54 are ectotherms, narrow-ranging species, and characterized by low vagility and dispersal 

55 rates (Huey, 1982; Valentine and Schwarzkopf, 2008; Azor et al., 2015).

56 There is evidence that fire history characteristics (e.g. fire recurrence and time since 

57 fire) are not the only drivers affecting reptile communities in fire-prone ecosystems, and 

58 other processes, like habitat structure, biogeographic affinity, and food availability, 

59 operating at different spatial scales, might be equally important (Driscoll and 

60 Henderson, 2008; Pastro et al., 2013; Ferreira et al., 2016b). Besides the direct impact 

61 of fire on animals (i. e. mortality; Smith et al., 2001; Couturier et al., 2011), shifts in 

62 vegetation along postfire successional stages are important in order to characterize 

63 reptile communities in fire-prone ecosystems (Driscoll et al., 2012; Santos and Cheylan, 

64 2013; Smith et al., 2013; Santos et al., 2016). The complex relationship between fire 

65 and vegetation structure (Nimmo et al., 2014) makes it advisable to incorporate 

66 vegetation factors into fire-history models to better understand the response of reptiles 

67 to fire (Santos et al., 2016). 

68 At the landscape scale, vegetation heterogeneity (Nimmo et al., 2012) and land-use 

69 type can be key factors explaining total abundance and species richness in reptile 

70 communities (Ribeiro et al., 2009; Azor et al. 2015; Santos et al. 2016). At the micro-

71 habitat scale, characteristics such as vegetation cover or plant richness can be important 

72 because they influence the habitat by affecting the availability of shelters, food, or sun 

73 exposure (Webb and Shine, 1998, Kim and Holt, 2012, Elzer et al., 2013). These factors 

74 can operate in concert with fire history to shape reptile communities in fire-prone 

75 ecosystems according to the specific life-history traits of each reptile species (Ferreira et 
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76 al., 2016b; Santos et al., 2016). For this reason, landscape- and micro-habitat-scale 

77 factors have to be integrated to attain a comprehensive view of the composition of 

78 reptile communities in fire-prone ecosystems. 

79 This study was conducted in the Serra da Estrela Natural Park (northern Portugal), 

80 and performed at two different scales: at the landscape scale, we analyzed the effect of 

81 fire history (fire recurrence and time since fire), vegetation heterogeneity, and land-use 

82 (main land-use type and land-use diversity) on the reptile abundance, richness and 

83 evenness. At the micro-habitat scale, we analyzed the role of plant richness and 

84 vegetation cover (tree, shrub, and herbaceous cover) on the probability of reptile 

85 presence, reptile abundance and evenness.

86 We hypothesize that species richness, reptile abundance and evenness are higher 

87 in natural areas (woodlands and scrublands) and in areas with higher land-use diversity 

88 (landscape scale) as well as in locations with higher plant diversity and lower tree cover 

89 (micro-habitat scale). Furthermore, we also expect that fire history (number of fires and 

90 time since fire) will affect the reptile community by altering the habitat structure 

91 (Ferreira et al., 2016b; Santos et al., 2016).

92

93 2. Materials and methods

94 2.1. Fire regime in Portugal and in the study area

95 Portugal has the highest fire incidence in Europe (Nunes et al., 2005; Catry et 

96 al., 2006; Oliveira et al., 2012), and fire is considered one of the most important agents 

97 of landscape change (Silva et al., 2011). Fire frequency and intensity have increased 

98 remarkably since the 1960s due to a combination of socioeconomic and environmental 

99 conditions such as rural abandonment, and conversion of marginally productive 

100 agriculture to eucalypt and pine plantations (Moreira et al., 2001, 2011; Fernandes et al., 
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101 2013). The climate is warm temperate characterized by hot, dry summers and cool, wet 

102 winters; likewise, natural vegetation is typically evergreen, resistant to drought, and 

103 pyrophytic (Nunes et al., 2005). Thus, both socioeconomic and environmental 

104 conditions lead to a high accumulation of fuel leading to a high risk of fire (Moreira et 

105 al., 2001, 2009). Catry et al. (2009) concluded that human activities were the primary 

106 cause of wildfires since about 60 % of ignitions have occurred in areas of high 

107 population density and close to roads.

108 Serra da Estrela is a mountainous area located in the east-central region of 

109 Portugal (Supplementary materials Figure S1), characterized by a high elevational 

110 gradient (250 to 1993 m). The mean annual rainfall ranges from 1000 mm in the lowest 

111 elevations to approximately 2500 mm at highest elevations (SNIRH, 2015), and the 

112 mean annual temperature ranges from 22ºC to 4ºC at the lowest and highest elevations, 

113 respectively. The Serra da Estrela Natural Park (hereafter SENP) is the largest protected 

114 area in Portugal (1.0106 km2) and encloses most of this mountain area. The park is a 

115 landscape mosaic shaped by a long fire history (Connor et al., 2012) and multiple land 

116 uses (including woodlands, scrublands, coniferous plantations, and agriculture areas) 

117 arranged across an elevational gradient.

118 The reptile community at the SENP is composed of 20 species, i.e. 12 lizards 

119 and 8 snakes (Lesparre and Crespo, 2008; Supplementary materials Table S2), from 

120 both Mediterranean and Atlantic origins, (following Sillero et al., 2009). 

121

122 2.2. Site selection and environmental characterization

123 Twenty sites were selected across a fire-history gradient (Supplementary materials 

124 Figure S1). The fire history was provided by the Instituto da Conservação da Natureza e 

125 Florestas (ICNF). Each site was characterized according to two fire-history variables, 



6

126 time since last fire (ranging from 0 to >40 years) and fire recurrence (number of fires, 

127 ranging from 0 to 6 fires over a period of 40 years; Supplementary materials Table S3). 

128 Sites were a minimum of 600 m apart (mean distance and standard deviation between 

129 pairs: 17 ± 10 km) and sites with a similar fire history were placed as far as possible 

130 from each other to avoid spatial autocorrelation.

131 Land-use was examined in 200-m buffers around each transect. Raw data were 

132 obtained from the Portuguese land-cover map (IGP, 2008) and reclassified to five land-

133 use types: monocultures (pine or eucalyptus plantations), agriculture fields, natural 

134 woodlands, scrublands, and urban areas (Supplementary materials Figure S1). Our 

135 interest was in the effects of these major land-use types on the abundance and diversity 

136 of Mediterranean reptiles (Ribeiro et al., 2009; Azor et al., 2015). We calculated the 

137 land-use diversity as the Simpson diversity index of all land uses within the 200-m 

138 buffer, and according to the commonest land-use types (i.e. monoculture, scrubland and 

139 natural woodland; Supplementary materials Figure S4). The spatial distribution of the 

140 transects by land-use classification was clustered, with the majority of monocultures 

141 located on the western part and scrubland areas on the eastern part of the study area.

142 Elevation was considered during site selection due to its influence on reptile 

143 presence and distribution (McCain, 2010; Kutt et al., 2011). Transects were selected 

144 within the elevational range of 250-1250 m, to avoid sampling on mountaintops that are 

145 characterized by the presence of alpine reptile species (i.e. Iberolacerta monticola and 

146 Coronella austriaca) and the absence of fires. 

147 To characterize vegetation structure and heterogeneity, each transect was divided 

148 into 20-m sections. In each section, the vegetation within 2 m on either side of the 

149 transect (“left” and “right”) was identified to the species level (only for perennial 

150 species, because their constancy over the sampling period of the study). For each 
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151 transect, the vegetation heterogeneity was accessed through a similarity index (Baselga 

152 et al., 2007) ranging between 0 and 1, with values approaching 1 indicating greater 

153 dissimilarity (higher vegetation heterogeneity). This index provided an estimate of 

154 overall compositional heterogeneity among sections, regardless of differences in species 

155 richness. For this, we divided the total number of plant species in each 20 m section by 

156 the sum of the minimum values of species not shared between each pair (left and right) 

157 of sections. For each transect and at each 20-m section, we described the vegetation 

158 structure according to the extent of tree, shrub, and herbaceous layers, ranging each 

159 layer from 0% to 100% cover.

160

161 2.3. Reptile sampling

162 Transects were placed on trails to facilitate reptile detectability (see a similar procedure 

163 in Santos and Cheylan, 2013), with an average length of 1 km (SD: 159 m; range 770 – 

164 1250 m) and were as linear as possible to avoid recording the same individuals along 

165 the transect. Between May and September of 2014, and May and June of 2015, each 

166 transect was visited eight times (four visits in spring 2014, 1 visit in autumn 2014, and 3 

167 visits in spring 2015) for 45 minutes each, walking slowly at a constant speed. During 

168 each visit, all transects were surveyed within 4-5 days, and visits were at least a week 

169 and a half apart. The surveys were made on sunny days and during the hours of reptile 

170 activity (from 09h00 to 18h00). Searches included open sites and we also turned rocks 

171 and other refuges to maximize observations (Santos and Cheylan, 2013; Santos et al., 

172 2016). All the reptiles recorded were identified to the species level, except the two skink 

173 species of the genus Chalcides (C. striatus and C. bedriagai), that were pooled into one 

174 group because they were difficult to distinguish during the surveys. All reptile sightings 

175 were georeferenced and the perpendicular distance to the transect was noted to access 
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176 differences in detectability (e.g. due to differences in vegetation cover; see a similar 

177 treatment in Santos and Cheylan, 2013). We found no difference in reptile detectability 

178 related to time since fire (P = 0.27) or fire recurrence (P = 0.35).

179

180 2.4. Statistical analysis

181 For statistical analyses, we used “Visit” as the reptile sampling unit (20 transects * 8 

182 visits per transect = 160 sampling units) to model the total abundance of reptiles, as well 

183 as the abundance of the two most common reptile species, the lizards Psammodromus 

184 algirus and Podarcis guadarramae. Due to the low detectability of many reptile 

185 species, we pooled the data of visits into two “Year” units (20 transects * 2 years = 40 

186 samples), since four visits per year more accurately describe the reptile richness and 

187 diversity of the transects. 

188 The community metrics examined include the total number of reptiles 

189 (abundance), the number of different reptile species observed (richness), and the 

190 Pielou’s evenness as a measure of reptile diversity. Evenness quantifies the degree of 

191 numerical equality among reptile abundances in each sampling unit; therefore, higher 

192 evenness scores indicate more complex (heterogeneous) communities in terms of 

193 species composition and relative abundances.

194 At the landscape level, we tested the effects of the fire recurrence and time since 

195 fire (fire history), vegetation heterogeneity, plant richness, land-use type (monocultures, 

196 scrublands, and natural woodland) and land-use diversity on the three reptile 

197 community metrics. Although recent studies have suggested that General Additive 

198 Models (GAM) are more suitable than General Linear Models (GLM) for modelling the 

199 response of reptile species to environmental factors and fire (Hu et al. 2013, 2016; 

200 Santos et al., 2016), a preliminary test with our data indicated a linear model would be 
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201 more suitable (smoothing terms in GAMs had edf = 1; Thomas et al. 2015). Thus, we 

202 used Generalized Linear Mixed Models (GLMM) with Poisson distribution (for reptile 

203 abundance and species richness) and Gaussian distribution (for diversity) and used 

204 “Visit” (for reptile abundance) and “Year” (for species richness and evenness) as 

205 random effects. Altitude was also included as a random effect using three levels of 

206 elevation (< 600, 600-900 and > 900 m). The levels of elevation were chosen according 

207 to the climate in the PNSE. Below 900 m, the climate is typically meso-Mediterranean, 

208 while between 900 and 1250 m the climate is supra-Mediterranean. We divided the 

209 meso-Mediterranean climate level to have a similar number of transects in each level. 

210 The vegetation composition also changes along this altitude gradient.

211 Fire tends to modify the composition of reptile communities (Santos and 

212 Cheylan, 2013). For this reason, we computed differences in reptile communities (using 

213 species-specific abundance data) between pairs of sampling transects using the Bray-

214 Curtis similarity index. This index allowed a comparison of the number and abundance 

215 of reptile species shared between transects. From the pairwise similarity matrix, we 

216 performed an Analysis of Similarity, ANOSIM (Primer, 2001), which gives a general 

217 R-value and allows comparisons in reptile communities between transect classes. For 

218 the ANOSIM, transects were classified according to the dominant land-use type 

219 (monoculture, scrubland and natural woodland), and time-since-fire interval, namely 

220 recently burned (<5 years since the last fire), medium (5-10 years since the last fire), 

221 long (10-20 years since the last fire) and long-unburned (>20 years since the last fire) 

222 (Supplementary materials Table S3).  GLMM and ANOSIM are complementary 

223 approaches: GLMM examined the effect of environmental variables on reptile metrics 

224 and species-specific abundances of two lizard species, whereas ANOSIM compared 

225 matrices of species abundances between transect classes.
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226 Only two lizard species were found in high numbers to allow specific statistical 

227 analyses. Thus, the environmental and fire variables were used to test their effects on 

228 the abundance of the two commonest lizard species of the study area, Psammodromus 

229 algirus and Podarcis guadarramae. We first ran GLMM with all the factors, selected 

230 the best model according to AIC values using backward selection via “drop1” 

231 command, and re-ran the best model with the selected environmental and fire variables 

232 to examine the significance effect on lizard abundances.

233 At the micro-habitat scale, we used geo-referenced reptile locations to test the 

234 effects of plant richness and vegetation cover (tree, shrub, and herbaceous cover) at 

235 each 20-m section on the probability of reptile presence, reptile abundance, and reptile 

236 richness. For this, we used GLMM with “Transect” as the random effect, and binomial 

237 distribution (for probability of reptile presence) or Poisson distribution (for reptile 

238 abundance and species richness).

239 All the analyses were performed using the R software packages ggplot2, car, 

240 MuMIn, gamm4, and lme4 (R Development Core Team, 2015).

241

242 3. Results

243 In total, we observed 433 reptiles belonging to 14 species (70% of the total species 

244 occurring in the Natural Park; see Supplementary Materials Table S2). The ground-

245 dwelling lizard Psammodromus algirus was the most abundant species representing 

246 83% of all sightings and was detected in all transects. The second most common species 

247 was the wall lizard Podarcis guadarramae, representing ca. 6% of the sightings and 

248 detected in 55% of surveyed transects.

249 At the landscape scale, vegetation heterogeneity and plant richness positively 

250 influenced reptile abundance and evenness (Table 1; Figure 1). Likewise, reptile 
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251 abundance differed among land-use types, as natural woodlands had the highest 

252 abundance whereas monocultures showed the lowest abundance (GLMM with ”Visit” 

253 as random effect; F2,14 = 3.76, P = 0.05; Figure 2). Reptile evenness declined with time 

254 since fire, while fire recurrence had no significant effect on any of the reptile metrics 

255 (Figure 1). Also, none of the variables considered exerted any effect on species richness 

256 (Table 1). Regarding differences in the reptile community composition (species 

257 presence and abundance), the ANOSIM showed differences between the three land-use 

258 types (R = 0.155, P = 0.044), especially between natural and scrubland transects ((R = 

259 0.22, P = 0.036). Differences were also observed according to time-since-fire intervals 

260 (R = 0.227, P = 0.013), especially between recently and medium-burnt transects (R = 

261 0.445, P = 0.007).

262 The abundance of P. algirus was positively affected by both vegetation 

263 heterogeneity and the plant richness in the transects, whereas time since fire and fire 

264 recurrence did not significantly affect its abundance (Table 2; Figure 3). The abundance 

265 of P. guadarramae was affected by fire recurrence (positive effect) and the time since 

266 fire (negative effect; Table 2); that is, this lizard was more abundant in open habitats as 

267 those produced by recurrent and recent fires. Moreover, P. guadarramae was negatively 

268 affected by vegetation heterogeneity and positively affected by plant richness (Table 2; 

269 Figure 3).

270 At the micro-habitat scale, both the probability of reptile occurrence, reptile 

271 abundance and species richness were positively related to plant richness and negatively 

272 related to tree cover (Table 3; Figure 4), suggesting a major effect of the micro-habitat 

273 on reptiles.

274

275 4. Discussion
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276 This study combined the use of variables at the landscape and micro-habitat scales to 

277 understand the response of a Mediterranean reptile community in a fire-prone region of 

278 the Iberian Peninsula. We acknowledge that the sampling methodology and effort were 

279 not enough for keeping adequate data for a complete view of the overall reptile 

280 community response to fire. In our study area, many species (especially snakes) are rare 

281 and difficult to detect. However, our results are reasonably adequate for common lizard 

282 species (see similar conclusions in Australian Banksia woodlands, Hu et al., 2016).

283 Despite the fire history of the study area, fire frequency and time since fire only 

284 partially explained the reptile species community metrics. Specifically, reptile evenness 

285 decreased with the time since fire. However, species-specific analyses demonstrated 

286 opposing responses between lizard species. This result suggests that Mediterranean 

287 reptiles can present diverse and complex responses to fire (see also similar conclusions 

288 in Pastro et al., 2013) that can be masked by the relevance of habitat factors, and 

289 corroborates the sensitivity of reptiles to changes in habitat complexity (Santos et al., 

290 2016). Additional variables such as fire return interval, percentage of burned area and 

291 fire intensity/severity should be included in future modeling efforts.

292

293 4.1. Community-metric results

294 Most of the reptiles observed in our study were Mediterranean lizard species (Sillero et 

295 al., 2009). These lizards typically prefer open habitats (Ferreira et al., 2017) in part due 

296 to their physiological capacity to reduce water loss (Ferreira et al., 2016a). Accordingly, 

297 we could expect positive responses at recently burnt habitats as previously observed in 

298 other regions (Driscoll and Henderson, 2008; Ashton and Knipps, 2011; Driscoll et al., 

299 2012). In our study, reptile (primarily lizards) abundance was strongly related to habitat 

300 quality both in terms of the heterogeneity and plant richness (Fischer et al., 2004; Pastro 
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301 et al., 2013), as well as land-use type. This result confirms that non-natural land uses, 

302 with low plant diversity, such as monocultures can be inadequate for Mediterranean 

303 reptiles (Azor et al., 2015) most likely due to their low thermal quality (Schreuder and 

304 Clusella-Trullas, 2016). Thus, the strong effect of land use (e. g., pine plantation) can be 

305 masking fire effects. Accordingly, in regions dominated by monocultures, land use can 

306 be a stronger driver of reptile abundance/community composition than fire history.

307 Surprisingly, none of the variables studied turned out to affect reptile richness. 

308 This may be due to species replacement between transects of different fire histories 

309 (Santos et al., 2016), or because the analysis was confounded by the overall low species 

310 richness on transects. We acknowledge that other sampling methods such as drift fences 

311 might be less biased towards a few abundant lizard species. However, the active 

312 searching was effective in other Mediterranean areas giving good results in terms of 

313 species richness and diversity (e. g. Santos and Cheylan, 2013). 

314 We found a significant association between reptile evenness, fire history (time 

315 since fire) and habitat (vegetation heterogeneity) variables, as long-unburnt sites held 

316 less complex reptile communities (lower evenness) than did recently burnt ones. This 

317 result contrast with other studies showing that long-unburnt natural woodlands had 

318 more diverse and rich reptile communities than burnt sites (Santos and Cheylan, 2013; 

319 Ferreira et al., 2016b). In our study area (SENP), long-unburnt sites were often 

320 monocultures with a dense canopy and low understory that held a low reptile diversity. 

321 This exemplifies the importance of the interaction effect of fire history and land use to 

322 understand the reptile responses to fire in highly human-modified landscapes such as 

323 the Mediterranean basin.

324

325 4.2. Micro-habitat scale effects on community metrics
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326 The micro-habitat scale (i.e. habitat characteristics at the location where reptiles were 

327 observed within the transect, at each 20 m section) more clearly explained the patterns 

328 of reptile occurrence, than the analysis at broader scale, a pattern demonstrated in 

329 previous studies (Driscoll and Henderson, 2008; Santos and Poquet, 2010). Our results 

330 showed that the probability of reptile presence increased with the richness of plant 

331 species. A similar result was observed for reptile abundance at the landscape scale and 

332 confirmed that reptile community patterns in response to environmental disturbance can 

333 operate at different scales (Ferreira et al., 2017). In parallel to the importance of solar 

334 radiation for reptile thermoregulation (Webb and Shine, 2008; Schreuder and Clusella-

335 Trullas, 2016), the presence of different plant species can offer different niches for 

336 reptiles and can increase food provision (herbaceous plants and scrubs attract many 

337 pollinators; Potts et al. 2003), shelter, and protection against predators (Santos et al., 

338 2016). 

339 Contrary to plant richness, tree cover had a negative effect on all the reptile 

340 community metrics (Ferreira et al., 2017). Other studies have also demonstrated a strong 

341 connection between thermal properties of the habitat and reptile habitat selection in the 

342 Mediterranean (Ferreira et al., 2017) and elsewhere (Martín and Salvador, 1995; Meik 

343 et al., 2002), and finally reptile performance (Sears and Angilletta, 2015). Our study 

344 indicates that these environmental properties at the micro-habitat scale are relevant to 

345 understand the occurrence patterns of reptiles in fire-prone regions.

346

347 4.3. Species-specific responses: P. algirus and P. guadarramae abundance

348 Psammodromus algirus responded positively to the habitat heterogeneity, increasing its 

349 abundance while the habitat increased its complexity. This lizard is a ground-dwelling 

350 specialist and habitat generalist (Carrascal and Díaz, 1989; Salvador, 2015). It is able to 
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351 successfully adapt to areas affected by fire (Santos and Poquet, 2010) and it is also 

352 common in long-unburnt transects, both in natural woodlands and in monocultures (this 

353 study).

354 Contrary to P. algirus, the abundance of Podarcis guadarramae was driven by a 

355 number of variables, and confirmed its habitat specialization in rocky spots (Diego-

356 Rasilla and Perez-Mellado, 2003). The extreme structural changes caused by recurrent 

357 (or recent) fires provided conditions (open rocky spots) that favored this wall lizard 

358 (Ferreira, 2016b; Ferreira et al., 2018). Thus, habitat specialization merits consideration 

359 in evaluating the effects of fire on reptiles (Hu et al., 2016; Santos et al., 2016).

360

361 4.4. Conservation remarks

362 The study site has been historically affected by fires, and fire frequency, intensity and 

363 extent have increased remarkably in recent years. However, we found that fire history 

364 factor (particularly fire recurrence) had little impact on the reptile communities. Indeed, 

365 the rock lizard P. guadarramae was more abundant in open habitats produced by 

366 recurrent and recent fires. On the contrary, habitat characteristics such as vegetation 

367 complexity (positive effect) and land transformation to monocultures (negative effect) 

368 were likely important drivers of reptile occurrence in fire-prone areas. Monocultures have 

369 long been a source of economic income in SENP as well as in many other areas of 

370 northern Portugal. However, monocultures are inadequate habitat for Mediterranean 

371 reptiles (Azor et al., 2015), and if they replace late successional (mature) habitats, local 

372 extinctions of some reptile species can occur (Driscoll et al., 2012; Valentine et al., 2012). 

373 The SENP region supports the highest herpetofaunal biodiversity in Portugal (only 

374 paralleled by Peneda-Gerês National Park) and thus, should be a national priority for the 

375 conservation of the reptile biodiversity. The development of management programs to 



16

376 promote pyrodiversity could be an adequate practice to enhance reptile diversity, as 

377 previously observed in other vertebrate taxa (Tingley et al., 2016: Kelly and Brotons, 

378 2017). 

379
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584 Legends of Tables and Figures

585 Table 1. Results of the GLMM analysis for three reptile-community metrics: Reptile 

586 abundance, Species richness, and Pielou’s evenness. Only the results for the best model 

587 selected are presented.

588 Table 2. Results of the GLMM analysis for the abundance of Psammodromus algirus and 

589 Podarcis guadarramae. Only results for the best model selected are presented.

590 Table 3. Results of the GLMM analysis for the Probability of reptile presence, reptile 

591 abundance and species richness in relation to vegetation cover (tree, scrub and herb) and 

592 plant richness. Only results for the best model selected are presented.

593 Figure 1. Significant Generalized Linear Mixed Models’ association between reptile 

594 metrics (abundance and evenness) and predictive variables plant richness, time-since-

595 fire and vegetation heterogeneity) at Serra de Estrela Natural Park. 

596 Figure 2. Mean and standard error scores of the reptile abundance per transect in relation 

597 to land-use type.

598 Figure 3. Significant Generalized Linear Mixed Models’ association between P. algirus 

599 and P. guadarramae abundances and plant richness, vegetation heterogeneity, time 

600 since fire, fire recurrence, and plant-richness predictive variables

601 at Serra de Estrela Natural Park. 

602 Figure 4. Relationship between plant richness and reptile abundance (a), and reptile 

603 richness (b) at the micro-habitat scale.
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604 Table 1.

Reptile abundance Species richness Pielou’s evenness

Estimate Z value P Estimate Z value P Estimate t value P

Fire recurrence n.s. n.s. n.s.

Time since fire n.s. n.s. -0.01 -2.25 0.020

Vegetation heterogeneity 1.13 1.89 0.060 n.s. -1.16 -2.03 0.040

Plant richness 0.06 2.64 0.008 n.s. n.s.

Land use type n.s. n.s. n.s.

Land-use diversity n.s. n.s. 0.51 1.60 n.s.

605



27

606 Table 2.

P. algirus abundance P. guadarramae abundance

Estimate Z value P Estimate Z value P

Fire recurrence n.s. 0.49 2.10 0.04

Time since fire n.s. -0.06 -2.61 0.009

Vegetation heterogeneity 1.94 3.09 0.002 -6.55 -2.55 0.010

Plant richness 0.06 2.71 0.007 0.42 2.61 0.009

Land-use type n.s. n.s.

Land-use diversity n.s. n.s.

607
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609 Table 3.

Reptile Presence Reptile Abundance Species Richness

Estimate Z value P Estimate Z value P Estimate Z value P

Tree Cover -0.48 -1.82 0.07 n.s. -0.29 -1.72 0.09

Scrub Cover n.s. n.s. n.s.

Herb Cover -0.54 -1.84 0.07 n.s. n.s.

Plant Richness 0.12 2.55 0.01 0.06 2.21 0.03 0.07 2.57 0.01

610
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Supplementary Materials

Supplementary materials Figure S1. Location of the Serra da Estrela Natural Park in 

Portugal (A), and distribution of the sites selected (black triangles) according to the land 

uses (B), number of fires (C) and time since the last fire (D).



Supplementary materials Table S2. Number of individuals (N) and percentage of 

transects where each reptile species was observed.

Family Species N %
Anguidae Anguis fragilis 1 5
Amphisbaenidae Blanus cinereus 1 5
Scincidae Chalcides sp. 14 30
Lacertidae Lacerta schreiberi 4 10
Lacertidae Podarcis carbonelli 1 5
Lacertidae Podarcis guadarramae 23 55
Lacertidae Psammodromus algirus 361 100
Lacertidae Psammodromus hispanicus 2 10
Lacertidae Timon lepidus 17 45
Colubridae Coronella girondica 3 15
Colubridae Malpolon monspessulanus 1 5
Colubridae Hemorrhois hippocrepis 1 5
Colubridae Rhinechis scalaris 2 10
Viperidae Vipera latastei 2 10



Supplementary materials Table S3. Location, fire-history, elevation and land-use type 

of the 20 surveyed transects.

Transect 
code Longitude Latitude

TSF 
intervals 
(years)

Fire 
recurrence

Elevation 
(m) Land-Use

0F2 -7712606 40386645 >40 0 686 Natural 
woodland

0F3 -7533153 40513008 >40 0 677 Natural 
woodland

0F4 -7518362 40496794 >40 0 1097 Monoculture
A1 -7513324 4054926 20-38 2 464 Scrubland
A2 -780024 40303941 20-38 1 437 Monoculture
A3 -7856275 40291665 20-38 1 524 Monoculture
B1 -7594615 40475461 10-20 1 822 Natural 

woodland
B2 -758698 40464968 10-20 3 983 Natural 

woodland
B4 -7714982 40332528 10-20 1 857 Monoculture

C1_1 -7772071 40301344 5-10 1 470 Scrubland
C1_3 -7686587 40302533 5-10 1 978 Natural 

woodland
C1_4 -7690771 4029921 5-10 1 769 Natural 

woodland
C2_3 -7518873 40542699 5-10 4 510 Scrubland
C2_4 -7597737 40456767 5-10 3 417 Scrubland
D1_1 -7650357 40402264 <5 1 1027 Scrubland
D1_2 -7726969 40366441 <5 1 581 Monoculture
D1_5 -7867992 40413481 <5 1 272 Natural 

woodland
D2_4 -7597737 40456767 <5 6 964 Scrubland
D2_5 -7540406 40507338 <5 3 852 Scrubland
D2_6 -7668131 40407816 <5 4 1018 Scrubland



Supplementary materials Figure S4. Pictures of transects in two different land-use 

types, namely monoculture and scrubland.


