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Native bees contribute with a considerable portion of pollination services for endemic as

well as economically important plant species. Their decline has been attributed to several

human-derived influences including global warming as well as the reduction, alteration and

loss of bees9 habitat. Moreover, together with human expansion comes along the

introduction of exotic plant species with negative impacts over native ecosystems.

Anthropic effects may have even a deeper impact on communities adapted to extreme

environments, such as high elevation habitats, where abiotic stressors alone are a natural

limitation to biodiversity. In these, human-borne alterations, such as the introduction of

exotic plants and urbanization, may have a greater influence on native communities. In

this work we explored such problem, studying the relationship between landscape and its

effect over richness and abundance of native bees from the subandean belt in the Andes

mountain chain. Furthermore, we investigated the effects of exotic plant abundance on

this high-altitude bee assemblage. Despite landscape did not show an effect over bee

richness and abundance, exotic plants did have a significant influence over native bee

assemblage. The abundance of exotic plants was associated with a relative increase in the

proportion of small and medium bee species. Moreover, Halictidae was the only family that

appeared to be favored by an increase in the abundance of exotic plant species. We

discuss these results and the urgent need for further research of high-altitude

environments due to their vulnerability and high endemicity.
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20 Abstract

21 Native bees contribute with a considerable portion of pollination services for endemic as well as 

22 economically important plant species. Their decline has been attributed to several human-derived 

23 influences including global warming as well as the reduction, alteration and loss of bees9 habitat. 

24 Moreover, together with human expansion comes along the introduction of exotic plant species 

25 with negative impacts over native ecosystems. Anthropic effects may have even a deeper impact 

26 on communities adapted to extreme environments, such as high elevation habitats, where abiotic 

27 stressors alone are a natural limitation to biodiversity. In these, human-borne alterations, such as 

28 the introduction of exotic plants and urbanization, may have a greater influence on native 

29 communities. In this work we explored such problem, studying the relationship between landscape 

30 and its effect over richness and abundance of native bees from the subandean belt in the Andes 

31 mountain chain. Furthermore, we investigated the effects of exotic plant abundance on this high-

32 altitude bee assemblage. Despite landscape did not show an effect over bee richness and 

33 abundance, exotic plants did have a significant influence over native bee assemblage. The 

34 abundance of exotic plants was associated with a relative increase in the proportion of small and 

35 medium bee species. Moreover, Halictidae was the only family that appeared to be favored by an 

36 increase in the abundance of exotic plant species. We discuss these results and the urgent need for 

37 further research of high-altitude environments due to their vulnerability and high endemicity.

38 Keywords: Apoidea; exotic plant species; montane ecosystems; native bee assemblage; 

39 pollinators; urbanization.
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42 Introduction

43 Native bee species are not only important as native plant pollinators, but also 15-30% of productive 

44 crops require their pollination services (McGregor 1976). Declines of these insects have been 

45 reported at a global scale (Biesmeijer et al. 2006; Fitzpatrick et al. 2007; Cameron et al. 2011). 

46 Human activities are the main drivers of native bee9s downturn through: fragmentation, biotic 

47 homogenization with the introduction of invasive organisms (McKinney & Lockwood 1999), as 

48 well as insect9s habitat quality degradation and, ultimately, destruction (Foley et al. 2005; Potts et 

49 al. 2010). Furthermore, climate change has also been listed among the explanations for native bee 

50 declines (Potts et al. 2010). This would not only be detrimental for the perpetuation and 

51 maintenance of world9s ecosystems, but for the welfare of humanity as well. Among the 

52 consequences of pollinator declines are changes in the structure of biotic communities, degradation 

53 of biodiversity, and reduction of food production (Allen-Wardell et al. 1998). Mainly, by affecting 

54 native flowers and crops of economic importance that greatly depend on pollinators to achieve 

55 reproduction (Potts et al. 2010). A decline that may not be easy to recover from if it keeps 

56 progressing, giving the continuous pressure over pollinators (Allen-Wardell et al. 1998; Winfree 

57 et al. 2009). 

58 This situation could be even more critical for native insects adapted to extreme environments, 

59 including bees. At a local scale, insects may be especially sensitive to human impact in habitats 

60 with extreme climate fluctuations (Boggs & Murphy 1997; Haslett 1997a). This could be the case 

61 of high elevation environments, such as montane ecosystems, also recognized as hotspots of 

62 biological diversity (Lomolino 2001). Under these conditions, in addition to overcoming current 

63 human impacts, native bees must face extreme environmental variation such as severe changes in 

64 temperature, elevated levels of ultraviolet radiation, less partial pressure of atmospheric gases, 
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65 drastic oscillations in the amount of precipitations, strong wind speed, among others (Hodkinson 

66 2005). All these abiotic factors have been associated to comparatively reduced diversity and 

67 specialized insects in high-altitude habitats (Pellissier et al. 2012; Classen et al. 2015). In general, 

68 studies have found lower richness and abundance of insects as altitude increases (Hägvar 1976; 

69 Wolda 1987; Lefebvre et al. 2018), and, regarding native bee species, the same pattern has been 

70 reported (Arroyo et al. 1982; Hoiss et al. 2012). 

71 Together with economic development, often goes along the increase of environment degradation 

72 in favor of urbanization, especially in countries with unsustainable development policies (Romero 

73 & Ordenes 2004). This problem may also impact high-altitude ecosystems (Baiping et al. 2004; 

74 Romero & Ordenes 2004). Regarding the consequences of urbanization on native bee habitats, it 

75 has been demonstrated that this affects bee richness and evenness, and also, delays peak abundance 

76 during the bee season and decreases temporal turnover (Winfree et al. 2011; Hung et al. 2017). 

77 Also, landscape modifications have been found to affect bee assemblages due to species-specific 

78 responses such as: body size, nesting habits, feeding behavior and sociality level, among others 

79 (Bishop & Ambruster 1999; Williams et al. 2010; Hopfenmüller et al. 2014; Marshall et al. 2015). 

80 Considering this, there could be an array of different responses: Some species could respond 

81 positively while others could be under threat of disappearing from an ecosystem (Hinners et al. 

82 2012; Fortel et al. 2014). Bees with feeding specializations (also called <oligolectic=) gather 

83 resources on floral species of one family or genera of plants, and therefore, are less flexible to 

84 changes in their habitats due to human-derived modifications (Steffan-Dewenter et al. 2006; 

85 Hernandez et al. 2009). For instance, changes in landscape decrease the proportion of parasitic 

86 (Steffan-Dewenter et al. 2006), solitary and also larger-sized native bee species (Hinners et al. 

87 2012). Contrastingly, urbanization may favor cavity-nesting species (Fortel et al. 2014) probably 
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88 due to the higher nesting resources for these species in urbanized areas (Hernandez et al. 2009). 

89 Therefore, knowledge of the pollinator9s resources and life-history traits is required to correctly 

90 assess the most likely pollination responses under the effects of human activities (Cane et al. 2006). 

91 The impact of exotic plants over native bee species has been poorly studied (Corbet et al. 2001; 

92 Goulson 2003; Liu & Pemberton 2008). Moreover, to the best of our knowledge, the effects of 

93 exotic plant species on mountain native bee assemblages it is yet to be revealed. Their influence 

94 could be particularly relevant if they are capable of modifying landscapes and native plant 

95 communities, due to cascading effects on different trophic levels (Morón et al. 2009; Fenesi et al. 

96 2015). In high elevation environments it has been suggested that exotic plants may jeopardize 

97 native pollination services (Miller et al. 2018) and potentially affect native bee populations through 

98 modifying the relative abundance and the diversity of native plant species (Stout & Morales 2009). 

99 In previous studies it has been found a negative relationship between the presence of exotic plants 

100 and the abundance, species richness and evenness of native bees (Morón et al. 2009; Fenesi et al. 

101 2015). However, contrary to general trend in landscape studies, and to the best of our knowledge, 

102 there are no works on the effect of exotic plants over the species-specific response of native bees 

103 due to the threats previously mentioned. If exotic plant species could alter mountain bee 

104 assemblages, this may have significant effects on pollination of native plant species. Since their 

105 effect could vary depending on which bee species is considered, some native bee species could 

106 benefit from the introduction of exotic plants, as providers of additional resources (Tepedino et al. 

107 2008; Drossart et al. 2017). Nonetheless, it has been recently demonstrated that the introduction 

108 of exotic plants could be even more problematic that changes in landscape, affecting not only 

109 insect assemblages but also complete plant-pollinator networks (Hansen et al. 2017). If exotic 

110 plants replace the majority of native plant species, not only bees would face the consequences of 
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111 this introduction, but also the whole ecosystem services may be hampered due to alterations to the 

112 biota (Wilde et al. 2015).

113 Despite above-mentioned problems, we found no published studies that focus on the response of 

114 native bee assemblages towards the effects of landscapes changes and the introduction of exotic 

115 flora in high elevation ecosystems. These dimensions could be essential for the understanding of 

116 bee declines, and preventing further losses not only on these insects, but also the rest of pollinating 

117 animals (Aguirre-Gutiérrez et al. 2015). In this work, we evaluated if urbanization could have an 

118 effect on native bee species richness and abundance. In addition, we focused on the influence of 

119 the abundance of exotic plant species and the response of native bee assemblages in order to 

120 evaluate specie-specific responses. In general, there is still much to explore from montane biomes 

121 (Lomolino 2001). In this context, previous works have listed nearly 50 species of native bees for 

122 the subandean belt of central Chile (Arroyo et al. 1982; Camousseight & Barrera 1998; Monckton 

123 2016). An area that, unfortunately, is under constant alteration due to the replacement of natural 

124 habitats by urban expansion. In particular, we tested the hypothesis that urbanization mediates 

125 changes in diversity, and also, that the introduction of exotic flora, that comes along with this, 

126 could also play a role in changing the assemblage due to the close relationship between bees and 

127 their floral resources. Our objectives were to assess the effect of urbanization over high-altitude 

128 native bee diversity and, on the other hand, to test the effects of exotic floral abundance over the 

129 assemblage. 

130

131

132
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133 Materials & Methods 

134 Study Site

135 We carried out our study in the town of Farellones and its surroundings (33°2095999S, 

136 70°1893499O), located at 2,360 m.a.s.l in the subandean vegetational belt of Andes mountains of 

137 central Chile. A zone characterized by long, snow free-periods of 5-8 months, and annual 

138 precipitations of 400-800 mm falling mostly as snow during winter (Arroyo et al. 1981). This 

139 correspond to a settlement started around 1930s as a winter sport center and presently the larger 

140 ski destination in Chile, with an ongoing expansion of urban areas (Junta de Vecinos de Farellones, 

141 2018). Moreover, as in other urbanized high elevation sites along Andes mountain chain, it is 

142 possible to find livestock seasonal foraging activities as well as mining exploitation routes (Bahre 

143 1979; SERPLAC 1980).

144 In this locality, vegetation is represented by subandean scrub, mainly composed by the Asteraceae 

145 family, accompanied by perennial herbs, geophytes, and annual herbs (Arroyo et al. 1982). It has 

146 been described that 54% of its vascular flora is native and 29% endemic (Muñoz-Schick et al. 

147 2000).

148 We selected eight sites for this study of 80 x 80 m (Fig. S1), criteria for this selection were: (i) the 

149 vegetation was unmanaged; (ii) sites were exposed to human activities; and (iii) safe enough to 

150 sample, considering that the area presented cliffs and sharp edge precipices. Data was collected 

151 from the sites once a month for two seasons: the first in December 2016, January and February 

152 2017 (season 1: 2016/2017), and the second in November and December 2017, January and 

153 February 2018 (season 2: 2017/2018). Weather with abundant snow precipitation did not permit 

154 us to sample in November 2016. Minimal and maximal distances between sites were 380 m and 

155 4.4 Km, respectively (Normandin et al. 2017).
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156 Plants

157 In order to determine native and exotic floral abundance for each month sampled, we defined 

158 transects of 80 m long x 2 meters wide, covering approximately 10% of the total site area. In these 

159 transects all flowers of blooming species encountered within one meter on either side was counted. 

160 Later, we calculated total density of native and exotic plant for each month using the formula: 

161 Density (Di) = Ai/Area

162 In this calculation, <Ai= correspond to the total number of individuals collected along the transect 

163 (Baxter, 2014). For each season, we obtained an average of native and exotic floral abundance per 

164 month sampled for every site. In addition, in each site we calculated the percentage covered by 

165 urban landscape through the analysis of aerial photographs taken with a DJI Spark drone, with 

166 ArcGIS v 10.5 to avoid bias caused by the possible effect of other factors associated with human 

167 activities. Proximity of each site to urban settlements and roads measured in meters was also 

168 considered a factor of human impact. Furthermore, since our study was done in a high mountain 

169 environment, altitude of each site was registered to avoid bias caused by site differences. 

170 Bee Sampling

171 We sampled bees on sunny days, with temperatures over 15 °C and winds below 15 Km/h 

172 (following Fortel et al. 2014). Pan traps and insect nets were used to assess bee assemblages 

173 (Nielsen et al. 2011). Pan traps corresponded to plastic bowls painted with yellow, blue or white 

174 fluorescent paint (Rocol Top, France) (Normandin et al. 2017). For these samplings, we defined 

175 three triplets of pan traps per site. In each triplet we considered one of every color used. These 

176 recipients were filled with 400 mL of water and a drop of detergent. Pan traps were separated from 

177 each other by 20 to 40 m forming a three meters side equilateral triangle that we left to work at 

178 each site from 9 am to 17 pm (Westphal et al. 2008).
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179 Complementarily, active net sampling took place one hour during the morning (9 am 3 12 pm) and 

180 one hour during the afternoon (15 pm 3 17 pm), in order to cover for the majority of bee activity 

181 for this mountain habitat (LeBuhn et al. 2003). Specimens collected were first stored in 70% 

182 ethanol (w/w), and later washed, processed, pinned and identified to the lowest taxonomic level 

183 using several keys and specialized taxonomist assistance (Chiappa et al. 1990; Toro & Rodríguez 

184 1998; Toro 1999; Monckton 2016). For Bombus dahlbomii Guérin-Méneville, 1835 

185 (Hymenoptera: Apidae), an endangered (Morales et al. 2016) and conspicuous species, we only 

186 collected them to take into account the relative abundance in each sampled site and after the 1-

187 hour sampling period they were all released. Introduced species, such as Apis mellifera and 

188 Bombus terrestris, were not collected in this study.

189 Data analysis

190 We computed the parameters separately for the two sampled seasons. Species diversity was 

191 characterized by species richness in EstimateS (version 9.1.0, Colwell, Connecticut, U.S.A.). We 

192 computed the observed cumulative species richness curve and the total expected species richness 

193 with a bootstrapping of 1,000 random iterations of sampling order. In regards to total expected 

194 species richness, we used Chao2 since it is the least biased estimator (Gwinn et al. 2016). The 

195 proportions of singletons (species represented by a single specimen) was compared for each season 

196 by means of Chi-square tests in SPSS (version 23, IBM, New York, U.S.A.).

197 Regarding native bee diversity, to assess correlation between landscape variables we used 

198 Spearman correlation coefficients in SPSS, in order to avoid the effect of outliers and biased 

199 correlation results (Suchowski 2001). Later, for each sampled season, we evaluated the effect of 

200 landscape variables on native bee richness and abundance through generalized linear models 

201 (GLM), using glm function in R. Since the dependent variables of richness and abundance 
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202 presented over dispersion, we used a negative binomial model to take this into account. 

203 Furthermore, the effect of each landscape variable was nested in the season to account for inter-

204 seasonal variation. Considering the results of correlation analyses, we maintained the model with 

205 the variable of the correlation set with the lowest AIC (Akaike Information Criterion) value, 

206 regarding it as the most parsimonious alternative (Johnson & Omland 2004). 

207 For the native bee assemblage of our study, we wanted to relate the functional traits of native bees 

208 with the abundance of exotic flora. First, we classified our collected native bee specimens based 

209 on different functional traits at species level into: <parasitic= and <non-parasitic=. Afterwards, the 

210 <non-parasitic= group was subdivided by feeding behavior into: <oligolectic= or <polylectic=. This 

211 was done because adults of parasitic bees forage only for nectar (Roubik 1989; Heard 2016). This 

212 classification was based on previous published information (Jaffuel & Pirión 1926; Ruiz 1944; 

213 Rozen 1967; Wagenknecht 1969, 1970; Ehrenfeld & Rozen 1977). If there was no information 

214 available of functional traits of a particular bee species, we used the information available from 

215 the nearest related species.   

216 We used the inter-tegular distance (ITD) as a proxy for body size and the functional trait of 

217 foraging distance on every individual collected (Greenleaf et al. 2007). Measures were done with 

218 the software tpsDig v 2.32, using photographs of the thorax of every collected specimen taken with 

219 a Canon EOS 60D camera and camera lens of the same brand model EF-S 60mm f/2.8 Macro 

220 USM (Hoiss et al. 2012; Fortel et al. 2014). For B. dahlbomii, we measured the ITD from several 

221 specimens from Instituto de Entomología, UMCE collection. Species were then grouped into small 

222 (<1.5 mm), medium (1.533 mm), and large (>3 mm) size classes (Hinners et al. 2012). 

223 To determine how groups of species that shared above-mentioned functional traits responded to 

224 exotic floral abundance, in each sampled site we tested for the proportion of each functional trait 
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225 in regards to the site9s exotic floral abundance. We pooled the data from both seasons and used the 

226 proportion of the total number of native bee individuals (abundance) and total number of species 

227 for each classification group. 

228 In addition, we evaluated the possible effect of exotic floral abundance in montane bee9s 

229 assemblage at the family level. For this purpose, we used multinomial and binomial logistic 

230 regression models to evaluate the response of exotic floral abundance over each functional group 

231 with JMP (version 14, SAS Institute, North Carolina, U.S.A.)  (Hinners et al. 2012).

232 We applied the three-fold Bonferroni correction (Rice 1989) along the three functional trait 

233 categories for these analyses. This considering bee9s functional traits and the number of non-

234 independent tests done, and thus, the increasing probability of obtaining significant results due to 

235 chance. 

236

237 Results 

238 Native bee diversity

239 Considering the two sampling seasons of 2016/2017 and 2017/2018, a total of 1,052 bee specimens 

240 were collected, 212 in season 1 and 840 in season 2. In total, this corresponded to 28 genera and 

241 46 species (32 in 1 and 40 in 2) with a minimum of nine species and a maximum of 27 species per 

242 site (Table S1). They belonged to five families: Andrenidae (7 species), Apidae (13 species), 

243 Colletidae (7 species), Halictidae (11 species), and Megachilidae (8 species) (Fig. 1). Nonetheless, 

244 after our two-year study, it was still not possible to ensure that we had collected all the potential 

245 species from Farellones, which can be confirmed by the species accumulation curve not reaching 

246 saturation (Fig. 2). Estimated species richness of both pooled seasons was 52.83, therefore, 
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247 approximately 87.07% of native bee species present in our study location were collected during 

248 our work (Table 1).  

249 The proportion of singletons did not differ with statistical significance between the two seasons 

250 (Ç2=0.003, df=1, p=0.95). For both seasons 12 bee species (26.09%) were recorded as singletons 

251 and four (8.70%) as doubletons. In regards to singletons, two species (4.35%) were parasitic. In 

252 total, five species (10.87%) were parasitic and 41 non-parasitic. Non-parasitic were mostly 

253 polylectic (78.05%). From the 46 species collected, 15 represented from 1.14% to 5.80% of the 

254 total number of specimens (12 to 61 specimens). The three most abundant species were: 

255 Lasioglossum sp. (279 specimens; 26.52% of the total), B. dahlbomii (121 specimens; 11.50%) 

256 and Caenohalictus iodurus (117 specimens; 11.12%), all of them are polylectic. 

257 Spearman correlation coefficients showed for both season a negative correlation between distance 

258 to the nearest town and exotic floral abundance (rf-0.857, n=8, pg0.002) (Table S2). For the GLM 

259 of dependent variables, native bee richness and abundance, we only maintained distance to nearest 

260 town since the models with this variable gave the lowest AIC to explain both. Regarding these 

261 analyses, landscape variables showed no significant effect over native bee richness and abundance 

262 (Table S3).  

263 Native bee species assemblage 

264 Within the plant species found during our field work and used to evaluate changes in the bee 

265 assemblage, we encountered 39 plant species: 24.32% were exotic, 70.27% native and 5.41 % 

266 were endemic for Chile (Table S4). 

267 In regards to mountain bee assemblage composition, <parasitism= and <feeding behavior= had no 

268 signiûcant relationship with abundance of exotic plan species. After Bonferroni correction, the 
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269 variable <body size= (by abundance) showed a significant relationship with <exotic floral= 

270 abundance. As the abundance of the latter increased, the proportion of small and medium native 

271 bee species was greater, and the proportion of large individuals decreased (Ç2=197.96, p<0.0001) 

272 (Fig. 3). 

273 Finally, for the native bee families in the assemblage, the proportion of Halictidae increased while 

274 the proportions of Apidae, Colletidae and Megachilidae decreased (Ç2=229.88, p<0.0001). The 

275 family Andrenidae maintained a relatively small proportion in all sampled sites (Fig. 4).

276

277 Discussion

278 After our two-year study in the subandean belt of montane Andes, we found that the introduction 

279 of exotic plant species did show an association with changes in native bee species assemblages. In 

280 sites with higher abundance of exotic plants the composition of native bees changed in regards to 

281 their body size (Fig. 3), and also at a taxonomic level (Fig. 4). Conversely, we found no evidence 

282 of a possible effect of the landscape variables considered, represented by: distance to nearest town, 

283 distance to roads, percentage of urban landscape cover, altitude and native floral abundance, on to 

284 native bee richness and abundance (Table S3).

285 Even though our work contemplated two seasons, we weren9t able to collect all the potential 

286 species present in our location, as showed by the mean species accumulation curve. We found 46 

287 species, which represents 87.07% of the predicted native bee species richness of this montane area 

288 (Table S1). We sampled each of the eight sites from this high Andean zone for a total of seven 

289 times (each survey done every four weeks during the bee season of both years). Regardless of what 

290 we consider a large survey, we still obtained 12 species (26.09%) of bees in the form of singletons, 
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291 which could mean (a) we undersampled; (b) there exist a pattern of rarity in the assemblage; or (c) 

292 there are a number of transitory species in the assemblage (Williams et al. 2001). Considering this 

293 work was done in a high-altitude system, it becomes difficult to consider the latter (c) because of 

294 the complexity and geographical isolation of montane communities (Haslett 1997a; Haslett 1997b; 

295 Lomolino 2001). Thus, there could be a high number of rare species present in this native bee 

296 assemblage, given the ecosystem in which these insects thrive and develop, one with a rich biota 

297 and possibly an important number of endemic species (Lomolino 2001). A hypothesis partly 

298 supported by the lack of differences between the proportion of singletons in both of the sampled 

299 seasons, though in need of further study. 

300 Exotic floral abundance proved to be correlated with the proximity to urban areas, were a higher 

301 abundance of introduced plants individuals was found near urban lands. High elevation ecosystem 

302 may be very sensitive to human-derived changes such as the introduction of exotic species (Badano 

303 et al. 2007). It is possible to suggest that the problem lies in the biotic homogenization that comes 

304 along with urbanization, and the consequent replace of native and endemic species by invasive and 

305 exotic ones (McKinney & Lockwood 1999). Urbanization also triggers the reduction in native 

306 flora and fauna diversity, and at the same time, promotes the reproduction and colonization by 

307 exotic plant species (Marzluff 2001; McKinney 2002; Frankie et al. 2005). The latter has proven 

308 to have significant effects over many ecological variables, the problem falling in the varying 

309 magnitude and direction of these context dependent effects (Vilà et al. 2011). Nonetheless, exotic 

310 flora could in some cases decrease richness and abundance of native plant and insect species, and 

311 at the same time reduce insect biomass with lower insect productivity as a consequence (Heleno 

312 et al. 2009; Cook-Patton & Agrawal 2014; Hengstum et al. 2014). For native bees, it has been 

313 found varying responses to exotic plant species, where due to the alteration of composition and 
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314 structure of plant communities some species could be favored while others wouldn9t be able to 

315 forage and complete their life cycles because of limitations in their biology (Stout & Morales 

316 2009). Therefore, some of them could be especially sensitive to the loss of their habitats (Mckinney 

317 1997). A problem, that could be potentially important at this high-altitudes, where Hymenoptera 

318 are the dominant flower visitors (Arroyo et al. 1982; Makrodimos et al. 2008). Studies have found 

319 a relationship between floral specialization and risk of extinction, were oligolectic species are at a 

320 higher risk of being affected by changes in their habitats (Packer et al. 2005; Roberts et al. 2011). 

321 Even though most bee species in our study were polylectic, loss of dominant plant species in an 

322 ecosystem might adversely affect generalists and specialists in the same manner (Frankie et al. 

323 1997). Furthermore, since native plant richness of an ecosystem is negatively correlated with the 

324 vulnerability to plant invasions (Knops et al. 1999), mountain environments could be more 

325 susceptible to the dispersal of exotic plant species due to the decrease in species richness with 

326 altitude (Rahbek 1995). This becomes very relevant not only because of the great endemism of its 

327 community (Muñoz-Schick et al. 2000), but also because there is already evidence supporting the 

328 classification as endangered for bee species in this habitat, such as the case of B. dahlbomii, the 

329 largest Apiformes known to date (Morales et al. 2016). A species that could already be threatened 

330 by the presence of the introduced bumblebee B. terrestris (Montalva et al. 2008; Montalva 2012; 

331 Arbetman et al. 2013). 

332 For montane Andes, richness and abundance of native bee species didn9t show differences 

333 associated with landscape variables, but we did find an association between exotic floral 

334 abundance increase and the rise in the proportion of small and medium native bee specimens (Fig. 

335 3). On the other hand, the proportion of bee specimens of large sizes dropped along the increase 

336 of introduced plant species (Fig. 3). In regards of the consequences of exotic flora over the 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



337 phylogenetic structure of the assemblage, the effect is probably related to body size, since 

338 Halictidae specimens present in our study ranged between small or medium sized bee and were 

339 the only family that showed a rise in its proportion of total specimens with higher exotic floral 

340 abundance (Fig. 4). It has been demonstrated that larger bee species are able to cover longer 

341 distances in the search of resources than smaller and medium sized bees (Greenleaf et al. 2007), 

342 but their success is still affected by the quality of their habitat, decreasing in sites were urbanization 

343 is stronger (Martins et al. 2013). If exotic flora keeps expanding, it is possible there could be 

344 changes not only for bees, but also for this entire high-altitude ecosystem. Different bee species 

345 may prefer different floral resources during foraging (Hinners & Hjelmroos-Koski 2009; Harmon-

346 Threatt & Kremen 2015), and they can also have varied responses towards the use of exotic flora 

347 over native plant species (Morandin & Kremen 2013). For an optimal larval development, bees 

348 need to reach their pollen nutritional requirements (Brodschneider & Crailsheim 2010), therefore, 

349 low quality pollen can affect the development and survival of native bees and consequently affect 

350 the complete assemblage of this group of insects (Herbert et al. 1970; Peng & Jay 1976; Cane & 

351 Roulston 2002; Di Pasquale et al. 2013). Nevertheless, even if the abundance of small and medium 

352 native bees increased, the long-term effects of these changes on this native bee assemblage are still 

353 unknown and further studies are needed to assess their extent and implications. 

354 Based on our results, landscape variables didn9t show and effect over native bee richness and 

355 abundance.  Considering our study was located in a small Andean urban area with a great number 

356 of <green spaces= (gardens and town squares) it could be a possibility that connectivity still 

357 remains unaffected. Regardless if urbanization results in a higher number of edifications, 

358 destruction and fragmentation of natural habitats, loss of areas capable of sustaining wild life 

359 (McIntyre et al. 2001; Seto et al. 2012) and thus, habitat loss and permanent disappearance of wild 
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360 species as a consequence (McKinney 2002), these predictors will depend of the quality of the 

361 surrounding landscape (Tscharntke et al. 2005). Therefore, if <green spaces= are large or close 

362 from one another, the impact these areas would have in preserving biodiversity in the long-term 

363 may buffer the effects of urbanization (Rudd et al. 2002; Goddard et al. 2010).

364 Because of the spatial limitations of our study, we mostly sampled an already disturbed area, and 

365 as a consequence, further research is necessary to assess the extent of our findings regarding the 

366 effect of exotic flora over high-altitude bee assemblages and plant communities. For instance, this 

367 makes necessary to compare our results with more pristine high-altitude environments. Our work 

368 shows that native assemblages in high-altitude ecosystems are modified by the introduction of 

369 exotic plant species. Such response needs further research on the implications for the pollination 

370 network and ecosystem of this mountain environment. Given the response of the functional traits 

371 in comparison with native bee richness and abundance alterations due to landscape changes, the 

372 use of species-specific traits could be an important tool to detect early changes in native bee 

373 assemblages and take appropriate conservation measures. This work contributed to the scarce 

374 information regarding the connection between high-altitude pollinators and urbanization effects, 

375 especially in regards to the relationship between the introduction of exotic flora and native 

376 assemblages. Furthermore, our work stresses the need to elucidate the direct effect of exotic flora 

377 can have in native bee ecophysiology and the long-term ecological dynamics. This study also 

378 highlights the urgent need to plan urban expansion ahead of time and taking into account the 

379 biodiversity that will be affected, so management measures can be also included. For instance, the 

380 control of weeds and introduction of exotic ornamental plant species. Furthermore, it is important 

381 to stress the need for science education and outreach to generate a common conscience of the value 

382 of local biodiversity and the ecosystem services they provide (Wilson et al. 2017). Biotic 
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383 homogenization has been described as one of the most detrimental human activities on biological 

384 diversity (McKinney & Lockwood 1999). This, in addition to the fact of the disconnection of our 

385 own species with their native biodiversity, makes it more difficult for humans to empathize with 

386 nature and promote its conservation (McKinney 2006). A future goal should be to include 

387 management practices that buffer the effects of urbanization over biodiversity. 

388 In montane ecosystems, natural habitats are under constant alteration and replacement due to the 

389 rapid growth of urban areas, especially those of touristic, mining, and livestock interests (Bahre 

390 1979; SERPLAC 1980; Romero & Ordenes 2004). For example, urban planning focus in the 

391 search of a good view and clear skies without sustainable development (Romero & Ordenes 2004). 

392 Therefore, it becomes paramount to consider the conservation of biodiversity in high-altitude areas 

393 and implement an appropriate land use regulation (De Palma et al. 2016). The latter should include 

394 large native green spaces close to one another, not only to protect montane bees, but also for other 

395 native organisms such as vertebrates and invertebrate that live in this area, and that could fulfill 

396 important roles yet to be discovered within ecosystem services. 

397

398 Conclusions

399 The exotic flora in montane habitats is capable of altering native bee assemblage9s composition. 

400 Nevertheless, further research is necessary in order to assess the ecological and evolutionary 

401 consequences of these invasions. Furthermore, we did not find landscape effect from urbanization 

402 variables, we suggest that the occurrence of empty lots with remaining patches of native flora may 

403 contribute to habitat connectivity in this high-altitude town, reducing the effect of urbanization 

404 itself over native bee species. We propose that the existence of <green spaces=, composed by local 
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405 plant community, and control of exotic plant species may ameliorate the effects of human 

406 expansion in high elevation bee habitats.

407

408 Acknowledgments

409 We thank A. Beaugendre for his help with the field work, N. Vereencken for providing pan traps 

410 used. L. Ruz for invaluable taxonomic assistance and entomological native bee collection access 

411 at Universidad Católica de Valparaíso. M. López-Uribe and R. Scherson for advice and comments 

412 on the manuscript. M. Elgueta for granting us access to the Museo Nacional de Historia Natural, 

413 Santiago, Chile collection. This work was not supported by any funding agency.

414

415 References

416 Arbetman, M., I. Meeus, C. Morales, M. Aizen, and G. Smagghe. 2013. Alien parasite hitchhikes 

417 to Patagonia on invasive bumblebee. Biological Invasions 15: 489-494.

418 Abrahamovich, A., M. Tellería, and N. Díaz. 2001. Bombus species and their associated flora in 

419 Argentina. Bee World 82: 76-87.

420 Aguirre0Gutiérrez, J., J. Biesmeijer, E. van Loon, M. Reemer, M. WallisDeVries, and L. 

421 Carvalheiro.  2015. Susceptibility of pollinators to ongoing landscape changes depends on 

422 landscape history. Diversity and Distributions 21: 1129-1140.

423 Allen-Wardell, G., et al. 1998. The Potential Consequences of Pollinator Declines on the 

424 Conservation of Biodiversity and Stability of Food Crop Yields. Conservation Biology 12: 8-17.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



425 Arroyo, M., J. Armesto, and C. Villagran. 1981. Plant Phenological Patterns in the High Andean 

426 Cordillera of Central Chile. Journal of Ecology 69: 205-223.

427 Arroyo, M., R. Primack, and J. Armesto. 1982. Community studies in pollination ecology in the 

428 high temperate Andes of central Chile. I. Pollination mechanisms and altitudinal variation. 

429 American Journal of Botany 69: 82-97.

430 Badano, E., E. Villarroel, R. Bustamante, P. Marquet, and L. Cavieres. 2007. Ecosystem 

431 engineering facilitates invasions by exotic plants in high0Andean ecosystems. Journal of Ecology 

432 95: 682-688.

433 Bahre, J. 1979. Destruction of the Natural Vegetation of North-central Chile. University of 

434 California Publications in Geography 23: 1-118.

435 Baiping, Z., M. Shenguo, T. Ya, X. Fei, and W. Hongzhi. 2004. Urbanization and De-urbanization 

436 in Mountain Regions of China. Mountain Research and Development 24: 206-209. 

437 Baxter, J. 2014 Common Abundance & Diversity Measures in Vegetation Analysis. California 

438 State University, Sacramento, L.A. Available from 

439 http://www.csus.edu/indiv/b/baxterj/bio%20221b/abundance%20measures.pdf (accessed October 

440 2017).

441 Biesmeijer, J. C., et al. 2006. Parallel declines in pollinators and insect-pollinated plants in Britain 

442 and the Netherlands. Science 313: 351-354.

443 Bishop, J., and W. Armbruster. 1999. Thermoregulatory abilities of Alaskan bees: effects of size, 

444 phylogeny and ecology. Functional Ecology 13: 711-724.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



445 Boggs, C., and D. Murphy. 1997. Community Composition in Mountain Ecosystems: Climatic 

446 Determinants of Montane Butterfly Distributions. Global Ecology and Biogeography Letters 6: 

447 39-48.

448 Brodschneider, R., and K. Crailsheim. 2010. Nutrition and health in honey bees. Apidologie 41: 

449 278-294.

450 Cameron, S. A., J. D. Lozier, J. P. Strange, J. B. Koch, N. Cordes, L. F. Solter, and T. L. Griswold. 

451 2011. Patterns of widespread decline in North American bumble bees. Proceedings of the National 

452 Academy of Sciences of the United States of America 108: 662-667.

453 Camousseight, A., and E. Barrera. 1998. Análisis del polen transportado por insectos estivales en 

454 el sector La Parva, Cordillera de Santiago. Revista Chilena de Entomología 25: 77-81.

455 Cane, J., and T. Roulston. 2002. The effect of pollen protein concentration on body size in the 

456 sweat bee Lasioglossum zephyrum (Hymenoptera: Apiformes). Evolutionary Ecology 16: 49-65.

457 Cane, J., R. Minckley, L. Kervin, T. Roulston, and N. Williams. 2006 Multiple response of desert 

458 bee guild (Hymenoptera:  Apiformes) to urban habitat fragmentation. Ecological Applications 16: 

459 6323644.

460 Chiappa, E., M. Rojas, and H. Toro. 1990. Clave para los géneros de abejas de chile (Hymenoptera: 

461 Apoidea). Revista Chilena de Entomología 18: 67-81.

462 Chiappa, E., R. Bascuñan, and S. Rodriguez. 2000. Nidificación, Conducta De Machos De Centris 

463 (Wagenknechtia) Rodophthalma Pérez (Hymenoptera: Anthophoridae) Y Comparación Con Otras 

464 Especies Chilenas Del Género. Acta Entomológica Chilena 24: 19-28.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



465 Classen, A., M. Peters, W. Kindeketa, T. Appelhans, C. Eardley, M. Gikungu, A. Hemp, T. Nauss, 

466 and I. Steffan0Dewenter. 2015. Temperature versus resource constraints: which factors determine 

467 bee diversity on Mount Kilimanjaro, Tanzania?. Global Ecology and Biogeography 24: 642-652.

468 Cook-Patton, S., and A. Agrawal. 2014. Exotic plants contribute positively to biodiversity 

469 functions but reduce native seed production and arthropod richness. Ecology 95: 1642-1650.

470 Corbet, S. A., J. Bee, K. Dasmahapatra, S. Gale, E. Gorringe, B. La Ferla, T. Moorhouse, A. 

471 Trevail, Y. Van Bergen, and M. Vorontsova. 2001. Native or Exotic? Double or Single? Evaluating 

472 Plants for Pollinator-friendly Gardens. Annals of Botany 87: 219-232.

473 Detzel, A., and M. Wink. 1993. Attraction, deterrence or intoxication of bees (Apis mellifera) by 

474 plant allelochemicals. Chemoecology 4: 8-18.

475 De Palma, A., et al. 2016. Predicting bee community responses to land-use changes: Effects of 

476 geographic and taxonomic biases. Scientific Reports 6: 31153.

477 Di Pasquale, G., M. Salignon, Y. Le Conte, L. Belzunces, A. Decourtye, A. Kretzschmar, S. 

478 Suchail, J. Brunet, and C. Alaux, C. 2013. Influence of pollen nutrition on honey bee health: do 

479 pollen quality and diversity matter?. PLoS ONE 8: e72016.

480 Drossart, M., D. Michez, and M. Vanderplanck. 2017. Invasive plants as potential food resource 

481 for native pollinators: A case study with two invasive species and a generalist bumble bee. 

482 Scientific Reports 7: 1-12.

483 Durante, S., A. Abrahamovich, and M. Lucia. 2006. El Subgénero Megachile (Dasymegachile) 

484 Mitchell Con Especial Referencia A Las Especies Argentinas (Hymenoptera: Megachilidae). 

485 Neotropical Entomology 35: 791-802.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



486 Ehrenfeld, J., and J. Rozen. 1977. The Cuckoo Bee Genus Kelita, Its Systematics, Biology, and 

487 Larvae. American Museum Novitates 2631: 1-24.

488 Fenesi, A., C. I. Vágási, M. Beldean, R. Földesi, L. P. Kolcsár, J. T. Shapiro, E. Török, and A. 

489 Kovács-Hostyánszki. 2015. Solidago canadensis impacts on native plant and pollinator 

490 communities in different-aged old fields. Basic and Applied Ecology 16: 335-346.

491 Fitzpatrick, Ú., T. E. Murray, R. J. Paxton, J. Breen, D. Cotton, V. Santorum, and M. J. F. Brown. 

492 2007. Rarity and decline in bumblebees 3 A test of causes and correlates in the Irish fauna. 

493 Biological Conservation 136: 185-194.

494 Frankie, G., R. Thorp, M. Schindler, J. Hernandez, B. Ertter, and M. Rizzardi. 2005. Ecological 

495 patterns of bees and their host ornamental flowers in two northern California cities. Journal of the 

496 Kansas Entomological Society 78: 227-246.

497 Frankie, G., S. Vinson, M. Rizzardi, T. Griswold, S. O'Keefe, and R. Snelling. 1997. Diversity and 

498 Abundance of Bees Visiting a Mass Flowering Tree Species in Disturbed Seasonal Dry Forest, 

499 Costa Rica. Journal of the Kansas Entomological Society 70: 281-296.

500 Foley, J. A., et al. 2005. Global Consequences of Land Use. Science 309: 570-574.

501 Fortel, L., M. Henry, L. Guilbaud, A. Guirao, M. Kuhlmann, H. Mouret, O. Rollin, and B. 

502 Vaissière. 2014. Decreasing abundance, increasing diversity and changing structure of the wild 

503 bee community (Hymenoptera: Anthophila) along an urbanization gradient. PLoS One 9: e104679.

504 Goddard, M., A. Dougill, and T. Benton. 2010. Scaling up from gardens: Biodiversity conservation 

505 in urban environments. Trends in Ecology & Evolution 25: 90-98.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



506 Gonzalez, V., and C. Giraldo. 2009. New Andean Bee Species of Chilicola Spinola (Hymenoptera: 

507 Colletidae, Xeromelissinae) With Notes on Their Biology. Caldasia 31: 145-154.

508 Gonzalez, V., and L. Ruz. 2007. New enigmatic Andean bee species of Protandrena 

509 (Hymenoptera, Andrenidae, Panurginae)=. Revista Brasileira de Entomologia 51: 397-403.

510 Gonzalez, V., M. Engel, and P. Sepúlveda. 2013. Taxonomic and biological notes on 

511 Andinopanurgus (Hymenoptera: Andrenidae). Journal of Melittology 3: 1-10.

512 González-Vaquero, R., and G. Galvani. 2016. Antennal sensilla analyses as useful tools in the 

513 revision of the sweat-bee subgenus Corynura (Callistochlora) Michener (Hymenoptera: 

514 Halictidae). Zoologischer Anzeiger 262: 29-42.

515 González-Varo, J., J. Biesmeijer, R. Bommarco, S. Potts, O. Schweiger, H. Smith, I. Steffan-

516 Dewenter, H. Szentgyörgyi, M. Woyciechowski, and M. Vilà. 2013. Combined effects of global 

517 change pressures on animal-mediated pollination. Trends in Ecology & Evolution 28: 524-530.

518 Goulson, D. 2003. Effects of Introduced Bees on Native Ecosystems. Annual Review of Ecology, 

519 Evolution, and Systematics 34: 1-26.

520 Greenleaf, S., N. Williams, R. Winfree, and C. Kremen. 2007. Bee foraging ranges and their 

521 relationship to body size. Oecologia 153: 589-596.

522 Gwinn, D., M. S. Allen, K. I. Bonvechio, M. V. Hoyer, and L. S. Beesley. 2016. Evaluating 

523 estimators of species richness: the importance of considering statistical error rates. Methods in 

524 Ecology and Evolution 7: 294-302.

525 Hägvar, S. 1976. Altitudinal zonation of the invertebrate fauna on branches of birch (Betula 

526 pubescens Ehrh.). Norwegian Journal of Entomology 23: 61-74.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



527 Hansen, S., F. Roets, C. L. Seymour, E. Thébault, F.J. F. van Veen, and J. S. Pryke. 2017. Alien 

528 plants have greater impact than habitat fragmentation on native insect flower visitation networks. 

529 Diversity and Distributions 24: 58-68.

530 Harmon-Threatt, A., and C. Kremen. 2015. Bumble bees selectively use native and exotic species 

531 to maintain nutritional intake across highly variable and invaded local floral resource pools. 

532 Ecological Entomology 40: 471-478.

533 Haslett, J. 1997a. Mountain Ecology: Organism Responses to Environmental Change, an 

534 Introduction. Global Ecology and Biogeography Letters 6: 3-6. 

535 Haslett, J. 1997b. Insect Communities and the Spatial Complexity of Mountain Habitats. Global 

536 Ecology and Biogeography Letters 6: 49-56.

537 Heard, T. 2016. Bee biology and behaviour. Pages 1-19 in Lloyd-Prichard, D., et al. Australian 

538 Native Bees: AgGuide - A Practical Handbook.  NSW Department of Primary Industries, Orange, 

539 Australia. 

540 Heleno, R., R. Ceia, J. Ramos, and J. Memmott. 2009. Effects of Alien Plants on Insect Abundance 

541 and Biomass: a Food0Web Approach. Conservation Biology 23: 410-419.  

542 Hengstum, T., D. Hooftman, J. Oostermeijer, and P. Tienderen. 2014. Impact of plant invasions 

543 on local arthropod communities: a meta0analysis. Journal of Ecology Volume 102: 4-11.

544 Herbert, E., W. Bickley, and H. Shimanuk. 1970. Brood-rearing capability of caged honeybees fed 

545 dandelion and mixed pollen diets. Journal of Economic Entomology 63: 215-218.

546 Hernandez, J., G. Frankie, and R. Thorp. 2009. Ecology of Urban Bees: A Review of Current 

547 Knowledge and Directions for Future Study. Cities and the Environment 2: 1-15.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



548 Hinners, S., and M. Hjelmroos-Koski. 2009. Receptiveness of Foraging Wild Bees to Exotic 

549 Landscape Elements. The American Midland Naturalist 162: 253-265. 

550 Hinners, S., C. A. Kearns, and C. A. Wessman. 2012. Roles of scale, matrix, and native habitat in 

551 supporting a diverse suburban pollinator assemblage. Ecological Applications, 22: 1923-1935.

552 Hodkinson, I. D. 2005. Terrestrial insects along elevation gradients: species and community 

553 responses to altitude. Biological Reviews 80: 489-513.

554 Hoiss, B., J. Krauss, S. G. Potts, S. Roberts, and I. Steffan-Dewenter. 2012. Altitude acts as an 

555 environmental filter on phylogenetic composition, traits and diversity in bee communities. 

556 Proceedings of The Royal Society B: Biological Sciences 279: 4447-4456.

557 Hopfenmüller, S., I. Steffan-Dewenter, and A. Holzschuh. 2014. Trait-Specific Responses of Wild 

558 Bee Communities to Landscape Composition, Configuration and Local Factors. PLoS One 9: 

559 e104439.

560 Hung, K. L. J., J. S. Ascher, and D. A. Holway. 2017. Urbanization-induced habitat fragmentation 

561 erodes multiple components of temporal diversity in a Southern California native bee assemblage. 

562 PLoS One 12: e0184136.

563 Hurd, P., and E. Linsley. 1976. The bee family Oxaeidae with a revision of the North American 

564 species (Hymenoptera: Apoidea). Smithsonian Contributions to Zoology 220: 1-75.

565 Jaffuel, F., and A. Pirión. 1926. Hymenopteros del Valle de Marga-Marga. Revista Chilena de 

566 Historia Natural 30: 3623383.

567 Johnson, J. B., and K. S. Omland. 2004. Model selection in ecology and evolution. Trends in 

568 Ecology & Evolution 19: 101-108.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



569 Junta de Vecinos de Farellones. 2018. Historia de Farellones. Junta de Vecinos de Farellones del 

570 Cerro Colorado, Santiago, Chile. Available from http://www.jvfarellones.cl/articulo-de-prueba-

571 farellones (accessed July 2018).

572 Knops, J., et al. 1999. Effects of plant species richness on invasion dynamics, disease outbreaks, 

573 insect abundances and diversity. Ecology Letters 2: 286-293.

574 Kong, F., H. Yin, N. Nakagoshi, and Y. Zong. 2009. Urban green space network development for 

575 biodiversity conservation: Identification based on the graph theory and gravity modeling. 

576 Landscape and Urban Planning 95: 16-27.

577 LeBuhn, G., et al. 2003. A standardized method for monitoring Bee Populations 3 The Bee 

578 Inventory (BI) Plot. Available from http://online.sfsu.edu/beeplot/ (accessed September 2016).

579 Lefebvre, V., C. Villemant, C. Fontaine, and C. Daugeron. 2018. Altitudinal, temporal and trophic 

580 partitioning of flower-visitors in Alpine communities. Scientific Reports 8: 4706.

581 Lin, B., S. Philpott, and S. Jha. 2015. The future of urban agriculture and biodiversity-ecosystem 

582 services: challenges and next steps. Basic and Applied Ecology 16: 189-201.

583 Liu, H., and R. W. Pemberton. 2008. Solitary invasive orchid bee outperforms co-occurring native 

584 bees to promote fruit set of an invasive Solanum. Oecologia 159: 515-525.

585 Lomolino, M. 2001. Elevation gradients of species-density: Historical and prospective views. 

586 Global Ecology and Biogeography 10: 3-13.

587 Makrodimos, N., G. Blionis, N. Krigas, and D. Vokou. 2008. Flower morphology, phenology and 

588 visitor patterns in an alpine community on Mt Olympos, Greece. Flora - Morphology, Distribution, 

589 Functional Ecology of Plants 203:  449-468.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



590 Marshall, L. et al. 2015. Testing projected wild bee distributions in agricultural habitats: predictive 

591 power depends on species traits and habitat type. Ecology and Evolution 5: 4426-4436.

592 Martins, A., R. Gonçalves, and G. Melo. 2013. Changes in wild bee fauna of a grassland in Brazil 

593 reveal negative effects associated with growing urbanization during the last 40 years. Zoologia 30: 

594 157-176.

595 Marzluff, J. M. 2001. Worldwide urbanization and its effects on birds. Pages 19-47 in J. M. 

596 Marzluff, R. Bowman and R. Donnelly, editors. Avian ecology in an urbanizing world. Springer, 

597 Boston, Massachusetts.

598 Matteson, K., and G. Langellotto. 2010. Determinates of inner city butterfly and bee species 

599 richness. Urban Ecosystems 13: 3333347.

600 McGeoch, M., and S. Chown. 1997. Impact of urbanization on a gall-inhabiting Lepidoptera 

601 assemblage: The importance of reserves in urban areas. Biodiversity & Conservation 6: 979-993.

602 McGregor, S. E. 1976. Insect Pollination of Cultivated Crop Plants. U.S. Department of 

603 Agriculture3Agricultural Research Service, Washington, DC. Available from 

604 https://www.ars.usda.gov/ARSUserFiles/20220500/OnlinePollinationHandbook.pdf (accessed 

605 January 2018).

606 McIntyre, N., J. Rango, W. Fagan, S. Faeth. 2001. Ground arthropod community structure in a 

607 heterogeneous urban environment. Landscape and Urban Planning 52: 257-274.

608 McKinney, M., and J. Lockwood. 1999. Biotic homogenization: a few winners replacing many 

609 losers in the next mass extinction. Trends in Ecology & Evolution 14: 450-453.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



610 McKinney, M. 1997. Extinction vulnerability and selectivity: combining ecological and 

611 paleontological views. Annual Review of Ecology and Systematics 28: 495-516.

612 McKinney, M. 2002. Urbanization, biodiversity, and conservation: The impacts of urbanization 

613 on native species are poorly studied, but educating a highly urbanized human population about 

614 these impacts can greatly improve species conservation in all ecosystems. BioScience 52:  8833

615 890.

616 McKinney, M. 2006. Urbanization as a major cause of biotic homogenization. Biological 

617 Conservation 127: 247-260.

618 Mena, P., and L. Ruz. 2003. Field Observations on The Behavior and Nesting Habits of Liphanthus 

619 sabulosus Reed (Hymenoptera: Andrenidae). Journal of The Kansas Entomological Society 76: 

620 198-202. 

621 Michener, C. 2000. The bees of the world. Johns Hopkins University Press, Baltimore, Maryland, 

622 USA. 

623 Michener, C., M. Breed, and W. Bell. 1979. Seasonal cycles, nests, and social behavior of some 

624 Colombian halictine bees (Hyrmenoptera; Apoidea). Revista de Biología Tropical 27: 13-34.

625 Miller, C. M., B. I. P. Barratt, K. J. M. Dickinson, and J. M. Lord. 2018. Are introduced plants 

626 a threat to native pollinator services in montane3alpine environments?. Alpine Botany DOI: 

627 10.1007/s00035-018-0206-5.

628 Monckton, S. 2016. A revision of Chilicola (Heteroediscelis), a subgenus of xeromelissine bees 

629 (Hymenoptera, Colletidae) endemic to Chile: taxonomy, phylogeny, and biogeography, with 

630 descriptions of eight new species. Zookeys 591: 1-144.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



631 Montalva, J. 2012. La Difícil Situación Del Abejorro Más Austral Del Mundo (Bombus dahlbomii 

632 Guérin-Méneville, 1835). Boletín de Biodiversidad de Chile 7: 1-3.

633 Montalva, J., L. Ruz, and M. Arroyo. 2008. Bombus terrestris Linnaeus (Hymenoptera: Apidae: 

634 Bombini) en Chile: causas y consecuencias de su introducción. Revista del Jardín Botánico 

635 Chagual 6: 13-20.

636 Montalva, J., B. Castro, and J. Allendes. 2010. Las Abejas del Jardín Botánico Chagual, estudio 

637 de caso de abejas nativas en zonas urbanas, Santiago Chile. Revista del Jardín Botánico Chagual 

638 8: 13-23.

639 Montalva, J., B. Castro, and J. Allendes. 2012. Biología De Nidificación De Megachile semirufa 

640 (Hymenoptera: Megachilidae: Dasymegachile) En Alta Montaña, Chile. Caldasia 34: 475-481.

641 Montalva, J., Y. Sepúlveda, and R. Baeza. 2011. Cadeguala occidentalis (Haliday, 1836) 

642 (Hymenoptera: Colletidae: Diphaglossinae): Biología De Nidificación Y Morfología De Los 

643 Estados Inmaduros. Boletín De Biodiversidad De Chile 5: 3-21.

644 Morales, C., J. Montalva, M. Arbetman, M. A. Aizen, C. Smith-Ramírez, L. Vieli, and R. Hatfield. 

645 2016. Bombus dahlbomii. International Union for Conservation of Nature, Gland, Switzerland. 

646 Available from http://www.iucnredlist.org/details/21215142/0 (accessed December 2016). 

647 Morandin, L., and C. Kremen. 2013. Hedgerow restoration promotes pollinator populations and 

648 exports native bees to adjacent fields. Ecological Applications 23: 829-839.

649 Morón, D., M. Lenda, P. Skórka, H. Szentgyörgyi, J. Settele, and M. Woyciechowski. 2009. Wild 

650 pollinator communities are negatively affected by invasion of alien goldenrods in grassland 

651 landscapes. Biological Conservation 142: 1322-1332.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



652 Muñoz-Schick, M., A. Moreira-Muñoz, C. Villagrán, and F. Luebert. 2000. Caracterización 

653 florística y pisos de vegetación en los Andes de Santiago, Chile Central. Boletín del Museo 

654 Nacional de Historia Natural, Chile 49: 9-50.

655 Normandin, E., N. Vereecken, C. M. Buddle, and V. Fournier. 2017. Taxonomic and functional 

656 trait diversity of wild bees in different urban settings. PeerJ 5: e3051.

657 Nielsen, A. et al. 2011. Assessing bee species richness in two Mediterranean communities: 

658 importance of habitat type and sampling techniques. Ecological Research 26: 969-983.

659 Özbek, H., P. Bogusch, and J. Straka. 2015. A contribution to the kleptoparasitic bees of Turkey: 

660 Part I., the genus Sphecodes Latreille (Hymenoptera: Halictidae). Turkish Journal of Zoology 39: 

661 109531109.

662 Packer, L., A. Zayed, J. Grixti, L. Ruz, R. Owen, F. Vivallo, and H. Toro. 2005. Conservation 

663 Genetics of Potentially Endangered Mutualisms: Reduced Levels of Genetic Variation in 

664 Specialist versus Generalist Bees. Conservation Biology 19: 195-202.

665 Pellissier, L., K. Fiedler, C. Ndribe, A. Dubuis, J. Pradervand, A. Guisan, S. and Rasmann. 2012. 

666 Shifts in species richness, herbivore specialization, and plant resistance along elevation gradients. 

667 Ecology and Evolution 2: 1818-1825.

668 Peng, Y., and S. Jay. 1976. Effect of diet on queen rearing by caged worker honeybees. Canadian 

669 Journal of Zoology 54: 1156-1160.

670 Polidori, C., A. Rubichi, V. Barbieri, L. Trombino, and M. Donegana. 2010. Floral Resources and 

671 Nesting Requirements of the Ground-Nesting Social Bee, Lasioglossum malachurum 

672 (Hymenoptera: Halictidae), in a Mediterranean Semiagricultural Landscape. Psyche 2010: 1-11. 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



673 Potts, S. G., J. C. Biesmeijer, C. Kremen, P. Neumann, O.  Schweiger, and W. E. Kunin. 2010. 

674 Global pollinator declines: Trends, impacts and drivers. Trends in Ecology & Evolution 25: 345-

675 353.

676 Praz, C., A. Müller, and S. Dorn. 2008. Specialized bees fail to develop on non-host pollen: do 

677 plants chemically protect their pollen?. Ecology 89: 795-804.

678 Rahbek, C. 1995. The elevational gradient of species richness: a uniform pattern?. Ecography 18: 

679 200-205.

680 Raw, A. 2007. An annotated catalogue of the leafcutter and mason bees (genus Megachile) of the 

681 Neotropics. Zootaxa 1601: 1-127

682 Rice, W. R. 1989. Analyzing tables of statistical tests. Evolution 43: 2233225.

683 Roberts, S., S. Potts, K. Biesmeijer, M. Kuhlmann, W. Kunin, and R. Ohlemüller. 2011. Assessing 

684 continental-scale risks for generalist and specialist pollinating bee species under climate change. 

685 BioRisk 6: 1-18.

686 Roig-Alsina, A. 1999. Revisión De Las Abejas Colectoras De Aceites Del Género Chalepogenus 

687 Holmberg (Hymenoptera, Apidae, Tapinotaspidini). Revista del Museo Argentino de Ciencias 

688 Naturales 1: 67-101.

689 Rojas, F., and H. Toro. 2000. Revisión De Las Especies De Caenohalictus (Halictidae-Apoidea) 

690 Presentes En Chile. Boletín del Museo Nacional de Historia Natural 49: 163-214.

691 Romero, H., and F. Ordenes. 2004. Emerging Urbanization in the Southern Andes. Mountain 

692 Research and Development 24: 197-201.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



693 Roubik, D. 1989. Nesting and reproductive biology. Pages 161-312 in D. Roubik, editor. Ecology 

694 and Natural History of Tropical Bees. Cambridge University Press, Cambridge, UK. 

695 Rozen, J. 1944. Phylogenetic relationships of Euherbstia with other short-tongued bees 

696 (Hymenoptera: Apoidea). American Museum Novitates 3060: 1-17.

697 Rozen, J. 1967. Review of the Biology of Panurgine Bees, with Observations on North American 

698 Forms (Hymenoptera, Andrenidae). American Museum Novitates 2297: 1-44.

699 Rozen, J. 2014. Nesting Biology and Immature Stages of The Panurgine Bee Genera Rhophitulus 

700 And Cephalurgus (Apoidea: Andrenidae: Protandrenini). American Museum Novitates 3814: 1-

701 16.

702 Rozen, J., and E. Wyman. 2015. The Chilean Bees Xeromelissa nortina and X. sielfeldi: Their 

703 Nesting Biologies and Immature Stages, Including Biological Notes on X. rozeni (Colletidae: 

704 Xeromelissinae). American Museum Novitates 3838: 1-20.

705 Rudd, H., J. Vala, and V. Schaefer. 2002. Importance of backyard habitat in a comprehensive 

706 biodiversity conservation strategy: A connectivity analysis of urban green spaces. Restoration 

707 Ecology 10: 368-375. 

708 Ruiz F. 1938. El género Caupolicana Spinola (Apidae, Hymen.). Revista Chilena de Historia 

709 Natural 42: 39-55.

710 Ruiz, F. 1940. Apidologia Chilena I Parte. Revista Chilena de Historia Natural 44: 282-377.

711 Ruiz, F. 1944. Apidologia Chilena, segunda parte. Revista Chilena de Historia Natural 46: 200-

712 231.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



713 Ruz, L., and E. Chiappa. 2004. Protandrena evansi, A New Panurgine Bee from Chile 

714 (Hymenoptera: Andrenidae). Journal of The Kansas Entomological Society 77: 788-795.

715 SERPLAC (Secretaría Regional de Planificación y Coordinación). 1980. La Minería En La Región 

716 Metropolitana. SERPLAC, Santiago, Región Metropolitana. 

717 Seto, K., B. Günerlap, and L. Hutyra. 2012. Global forecasts of urban expansion to 2030 and direct 

718 impacts on biodiversity and carbon pools. Proceedings of the National Academy of Sciences 109: 

719 16083-16088.

720 Spinola, M. 1851. Himenópteros. Pages 153-569 in C. Gay. Historia Física y Política de Chile, 

721 Zoologia, Vol. 6. Paris.

722 Steffan-Dewenter, I., A. Klein, V. Gaebele, T. Alfert, and T. Tscharntke. 2006. Bee diversity and 

723 plant-pollinator interactions in fragmented landscapes. Pages 387-407 in, N. Waser, editor. 

724 Specialization and generalization in plant-pollinator interactions. University of Chicago Press, 

725 Chicago, IL.

726 Stout, J., and C. Morales. 2009. Ecological impacts of invasive alien species on bees. Apidologie 

727 40: 388-409. 

728 Suchowski, M. A. 2001. An Analysis of the Impact of an Outlier on Correlation Coefficients 

729 Across Small Sample Data Where RHO is Non-Zero. Western Michigan University, Kalamazoo, 

730 Michigan. Available from https://scholarworks.wmich.edu/dissertations/1348 (accessed May 

731 2018).

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



732 Tepedino, V. J., B. A. Bradley, and T. L. Griswold. 2008. Might Flowers of Invasive Plants 

733 Increase Native Bee Carrying Capacity?. Intimations from Capitol Reef National Park, Utah. 

734 Natural Areas Journal 28: 44-50.

735 Thomas, C., et al. 2004. Extinction risk from climate change. Nature 427: 145-148. 

736 Toro, H., and S. Rodríguez. 1998. Anthidiini de Chile: Clave de especies (Hymenoptera: 

737 Megachilidae). Acta Entomológica Chilena 22: 63-78.

738 Toro, H. 1997. Nuevas especies chilenas de Xeromelissinae (Hymenoptera: Colletidae). Acta 

739 Entomológica Chilena 21: 7-12.

740 Toro, H. 1999. Las especies chilenas del género Colletes (Hymenoptera: Colletidae): clave de 

741 especies. Acta Entomológica Chilena 23: 23-32.

742 Tscharntke, T., A. Klein, A. Kruess, I. Steffan-Dewenter, and C. Thies. 2005. Landscape 

743 perspectives on agricultural intensification and biodiversity 3 ecosystem service management. 

744 Ecology Letters 8: 8573874.

745 Vanderplanck, M., R. Moerman, P. Rasmont, G. Lognay, B. Wathelet, R. Wattiez, and D. Michez. 

746 2014. How does pollen chemistry impact development and feeding behaviour of polylectic bees?. 

747 PLoS One 9: e86209.

748 Vilà, M., J. Espinar, M. Hejda, P. Hulme, V. Jaroaík, J. Maron, J. Pergl, U. Schaffner, Y. Sun, and 

749 P. Pyaek. 2011. Ecological impacts of invasive alien plants: a meta0analysis of their effects on 

750 species, communities and ecosystems. Ecology Letters 14: 702-708.

751 Wagenknecht, R. 1969. Contribución A La Biología De Los Apoidea Chilenos. Anales Del Museo 

752 De Historia Natural 2: 171-181. 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



753 Wagenknecht, R. 1970. Contribución A La Biología De Los Apoidea Chilenos. Anales Del Museo 

754 De Historia Natural 3: 111-127.

755 Wagenknecht, R. 1971. Contribución A La Biología De Los Apoidea Chilenos. Anales Del Museo 

756 De Historia Natural 4: 277-286.

757 Walter, H., and K. Sielfeld. 1973. Contribución al conocimiento de las especies chilenas del género 

758 Trichothurgus Moure 1949 (Himenoptera, apoidea). Noticiario Mensual del Museo Nacional de 

759 Historia Natural 206-207: 3-10.

760 Westphal, C. et al. 2008. Measuring Bee Diversity In Different European Habitats And 

761 Biogeographical Regions. Ecological Monographs 78: 653-671.

762 Wilde, H. D., K. J. K. Gandhi, and G. Colson. 2015. State of the science and challenges of breeding 

763 landscape plants with ecological function. Horticulture Research 2: 14069.

764 Williams, N., D. Cariveau, R. Winfree, and C. Kremen. 2011. Bees in disturbed habitats use, but 

765 do not prefer, alien plants. Basic and Applied Ecology 12: 332-341.

766 Williams, N., E. Crone, T. Roulston, R. Minckley, L. Packer, and S. Potts. 2010. Ecological and 

767 life-history traits predict bee species responses to environmental disturbances. Biological 

768 Conservation 143: 2280-2291.

769 Williams, N., R. Minckley, and F. Silveira. 2001. Variation in native bee faunas and its 

770 implications for detecting community changes. Conservation Ecology 5: 7.

771 Wilson, J., M. Forister, and O. Carril. 2017. Interest exceeds understanding in public support of 

772 bee conservation. Frontiers in Ecology and the Environment 15: 460-466.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



773 Winfree, R., I. Bartomeus, and D. P. Cariveau. 2011. Native pollinators in anthropogenic habitats.  

774 Annual Review of Ecology, Evolution, and Systematics 42: 1-22.

775 Winfree, R., R. Aguilar, D. Vázquez, G. LeBuhn, and M. Aizen. 2009. A meta0analysis of bees' 

776 responses to anthropogenic disturbance. Ecological Society of America 90: 2068-2076.

777 Wold, H. 1987. Altitude, habitat and tropical insect diversity. Biological Journal of the Linnean 

778 Society 30: 313-323.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27140v1 | CC BY 4.0 Open Access | rec: 24 Aug 2018, publ: 24 Aug 2018



Figure 1

Specimens from the different Families collected during the study.

(a) Acamptopoeum submetallicum (Andrenidae), scale bar 1.5 mm. (b) Centris nigerrima

(Apidae), scale bar 2 mm. (c) Xeromelissa sp. (Colletidae), scale bar 0.5 mm (d)

Caenohalictus iodurus (Halictidae), scale bar 1 mm. (e) Anthidium chubuti (Megachilidae),

scale bar 2 mm. Photography: Patricia Henríquez-Piskulich.
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Figure 2

Mean species accumulation curve for pooled data from two sampled seasons (1000

randomizations).

The vertical axis corresponds to number of species and the horizontal to sampled sites.
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Table 1(on next page)

Observed and estimated species richness for Mountain habitat at Farellones and its

vicinity.
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Season
2016-2018
2016/2017
2017/2018

32±8.07 43.48±7.98 (73.60)

Sobsa±Sdb Chao 2±SD (completeness)
46±9.53 52.83±5.15 (87.07)

40±8.29 46.62±5.29 (85.80)
aSobs=observed species richness. 
bSd=standard deviation.
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Figure 3

Relationship between Native bee species grouped by body size range (Small, Medium

and Large) versus exotic floral abundance (Ç2=197.96, p<0.0001).

The left vertical axis corresponds to the proportion of total specimens and the horizontal to

exotic plant abundance proportion. The groups of the right vertical axis correspond to areas

between the regression lines.
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Figure 4

Relationship between native bee family versus exotic floral abundance proportions

(Ç2=229.88, p<0.0001).

The left vertical axis corresponds to the proportion of total specimens and the horizontal to

exotic floral abundance proportion. The groups of the right vertical axis correspond to areas

between the regression lines.
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Figure 5

Map of selected sites for the study.
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Table 2(on next page)

List of native bee species collected during field work and their functional traits.
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Observedfloral 
associations during the 

study

A. cotula
Stachys philippiana

Adesmia gracilis
A. cotula

S. philippiana

Adesmia sp. 
Chaetanthera pusilla

Anthidium espinosai Megachilidae 1 Large Polylectic Non-parasitic Toro & Rodríguez 1998
Anthophora incerta Apidae 2 Large Polylectic Non-parasitic Ruiz 1940

A. cotula

Chuquiraga oppositifolia

Phacelia secunda
S. philippiana

Specie Family Number of 
specimens Body size Feeding behavior Parasitism References

Anthemis cotula
Rozen 1967; Packer et al. 

2005

Alloscirtetica gayi Apidae 5 Large Polylectic Non-parasitic Wagenknecht 1970

Acamptopoeum 
submetallicum

Andrenidae 25 Medium Polylectic Non-parasitic

Wagenknecht 1970

Anthidium chilense Megachilidae 2 Medium Polylectic Non-parasitic Toro & Rodríguez 1998

Alloscirtetica rufitarsis Apidae 8 Large Polylectic Non-parasitic

Toro & Rodríguez 1998

Bombus dahlbomii Apidae 121 Large Polylectic Non-parasitic Abrahamovich et al. 2001

Anthidium chubuti Megachilidae 16 Large Polylectic Non-parasitic

S. philippiana
Packer et al. 2005; 

Montalva et al. 2011Cadeguala occidentalis Colletidae 1 Large Polylectic Non-parasitic
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Caenohalictus aplacodes Halictidae 3 Medium Polylectic Non-parasitic Berberis empetrifolia
Michener et al. 1979; 

Rojas & Toro 2000
A. cotula

B. empetrifolia
Taraxacum officinale

Alstromeria pallida
Madia sativa
S. philippiana

A. cotula
Brassica campestris

C. oppositifolia
T. officinale

A. gracilis
S. philippiana

A. pallida
Calceolaria arachnoidea

C. oppositifolia
S. philippiana

Chalepogenus caeruleus Apidae 2 Medium Polylectic Non-parasitic Roig-Alsina 1999

Caenohalictus iodurus Halictidae 117 Small Polylectic Non-parasitic Michener et al. 1979; 
Rojas & Toro 2000

Michener et al. 1979; 
Rojas & Toro 2000

Callistochlora chloris Halictidae 61 Medium Polylectic Non-parasitic González-Vaquero & 
Galvani 2016

Caenohalictus 
rostraticeps

Halictidae 6 Medium Polylectic Non-parasitic

A. cotula
González-Vaquero & 

Galvani 2016

Caupolicana bicolor Colletidae 1 Large Polylectic Non-parasitic Ruiz 1938

Callistochlora 
prothysteres

Halictidae 1 Medium Polylectic Non-parasitic

Wagenknecht, 1971; 
Chiappa et al. 2000

Centris nigerrima Apidae 22 Large Polylectic Non-parasitic Wagenknecht, 1971; 
Chiappa et al. 2000

Centris cineraria Apidae 14 Large Polylectic Non-parasitic
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A. cotula
C. oppositifolia

M. sativa
P. secunda

A. cotula
B. empetrifolia

A. cotula
Senecio eruciformis

Epiclopus gayi Apidae 1 Large Polylectic Parasitic Wagenknecht 1969
Epiclopus lendlianus Apidae 5 Large Polylectic Parasitic Wagenknecht 1969

Hurd & Linsley 1976; 
Rozen 1993

 

Kelita sp. Apidae 4 Small NA Parasitic Ehrenfeld & Rozen 1977
A. cotula

S. philippiana

Liphanthus andinus Andrenidae 50 Small Oligolectic Non-parasitic Rozen 1967; Mena & Ruz 
2003

Liphanthus coquimbensis Andrenidae 6 Small Oligolectic Non-parasitic Rozen 1967; Mena & Ruz 
2003

Jaffuel & Pirión 1926; 
González & Giraldo 2009

Colletes araucariae Colletidae 41 Medium Polylectic Non-parasitic Ruiz 1944; Toro 1999

Chilicola 
(Heteroediscelis) 
curvapeligrosa

Colletidae 34 Small Polylectic Non-parasitic

Adesmia sp. Ruiz 1944; Toro 1999

Colletes musculus Colletidae 18 Medium Polylectic Non-parasitic Ruiz 1944; Toro 1999

Colletes fulvipes Colletidae 2 Large Polylectic Non-parasitic

Ruiz 1940; Montalva et al. 
2010

Euherbstia excellens Andrenidae 1 Large Polylectic Non-parasitic A. cotula

Diadasia chilensis Apidae 22 Medium Polylectic Non-parasitic

Spinola 1851; Montalva et 
al. 2010

Lasioglossum sp. Halictidae 279 Small Polylectic Non-parasitic Montalva et al. 2010; 
Polidori et al. 2010

Isepeolus luctuosus Apidae 1 Medium Polylectic Parasitic
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A. pallida
A. cotula

C. oppositifolia

C. oppositifolia
P. secunda

Solidago chilensis
T. repens

S. eruciformis
S. chilensis

Rozen 1967; Mena & Ruz 
2003

Megachile 
(Dasymegachile) 
distinguenda

Megachilidae 12 Large Polylectic Non-parasitic Trifolium repens Durante et al. 2006

Liphanthus sabulosus Andrenidae 56 Small Oligolectic Non-parasitic

Raw 2007

Megachile saulcyi Megachilidae 8 Large Polylectic Non-parasitic Durante et al. 2006

Megachile pollinosa Megachilidae 1 Large Polylectic Non-parasitic

Durante et al. 2006; 
Montalva et al. 2012

Protandrena sp. Andrenidae 7 Small Polylectic Non-parasitic Gonzalez & Ruz, 2007; 
Gonzalez et al. 2013

Megachile semirufa Megachilidae 35 Large Polylectic Non-parasitic

Ruz & Chiappa, 2004; 
Rozen 2014

Ruizantheda cerdai Halictidae 1 Medium Polylectic Non-parasitic
Spinola 1851; Jaffuel & 

Pirión 1926; Montalva et 
al. 2010

Rhophitulus evansi Andrenidae 30 Small Oligolectic Non-parasitic

A. cotula
Spinola 1851; Jaffuel & 

Pirión 1926; Montalva et 
al. 2010

Ruizantheda mutabilis Halictidae 5 Medium Polylectic Non-parasitic
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Sphecodes rugulosus Halictidae 3 Small Polylectic Parasitic A. cotula
Montalva et al. 2010; 

Özbek et al. 2015

Svastrides melanura Apidae 4 Large Polylectic Non-parasitic A. cotula
Ruiz 1940; Wagenknecht 

1970; Montalva et al. 

Xeromelissa  sp. Colletidae 15 Small Polylectic Non-parasitic Rozen & Wyman 2015

NA: Not available

Data in italic represents when information available from the nearest related species was needed.

al. 2010

Ruizantheda 
nigrocaerulea

Halictidae 1 Medium Polylectic Non-parasitic A. cotula
Spinola 1851; Jaffuel & 

Pirión 1926; Montalva et 
al. 2010

A. cotula
Spinola 1851; Jaffuel & 

Pirión 1926; Montalva et 
al. 2010

Trichothurgus herbsti Megachilidae 1 Large Polylectic Non-parasitic Walter & Sielfeld 1973

Ruizantheda proxima Halictidae 1 Medium Polylectic Non-parasitic
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Table 3(on next page)

Spearman correlation coefficients for landscape variables.
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2016/2017 Season Distance to nearest town 
(p-value)

Distance to roads (p-
value)

Infraestructures 
(p-value) Altitude (p-value)

Native 
floral 
abundanc
e (p-value)

Distance to roads (p-
value) -0.262 (0.531) - - - -

Urban landscape (p-
value) 0.412 (0.310) -0.247 (0.555) - - -

Altitude (p-value) -0.333 (0.420) 0.262 (0.531) -0.577 (0.134) - -

Native floral abundance 
(p-value) -0.095 (0.823) 0.310 (0.456) 0.412 (0.310) 0.333 (0.420) -

Exotic floral abundance 
(p-value) -0.857 (0.007) 0.095 (0.823) -0.247 (0.555) 0.167 (0.693) 0.119 

(0.779)

2017/2018 Season Distance to nearest town 
(p-value)

Distance to roads (p-
value)

Infraestructures 
(p-value) Altitude (p-value)

Native 
floral 
abundanc
e (p-value)

Distance to roads (p-
value) -0.262 (0.531) - - - -
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Urban landscape (p-
value) 0.412 (0.310) -0.247 (0.555) - - -

Altitude (p-value) -0.333 (0.420) 0.262 (0.531) -0.577 (0.134) - -
Native floral abundance 
(p-value) 0.071 (0.867) 0.167 (0.693) 0.247 (0.555) 0.476 (0.233) -

Exotic floral abundance 
(p-value) -0.905 (0.002) 0.310 (0.456) -0.412 (0.310) 0.262 (0.531) -0.143 

(0.736)
Cells with significant p-value are written in bold.
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Table 4(on next page)

GLM results for mountain native bee richness and abundance.
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Factor Wald Chi-
Square p-value

Distance 
to nearest
town

-0.001 0.358

Distance 
to roads -0.001 0.873

Urban 
landscape 0.003 0.299

Altitude 0.000 0.881
Native 
floral 
abundanc
e

0.150 0.653

Factor B p-value

Distance 
to nearest
town

-0.001 0.207

Distance 
to roads -0.002 0.809

Urban 
landscape 0.002 0.444

Altitude -0.001 0.744
Native 
floral 
abundanc
e

0.049 0.871

Factor B p-value

Distance 
to nearest
town

-0.001 0.437

Distance 
to roads -0.002 0.803

Urban 
landscape 0.001 0.594

Altitude 0.000 0.943

B SE

GLM: Richness season 2016/2017, Negative binomial distribution, AIC = 130.91

0.0009 0.845

0.0009 1.591

0.0089 0.026

0.0030 1.081

0.0032 0.022

0.3334 0.202

SE Wald Chi-Square
GLM: Abundance season 2016/2017, Negative binomial distribution, AIC =
176.97

0.0008 0.604

0.0092 0.059

0.0029 0.587

0.0031 0.106

0.3044 0.026

SE Wald Chi-Square

GLM: Richness season 2017/2018, Negative binomial distribution, AIC = 130.91

0.0081 0.062

0.0027 0.284

0.0033 0.005
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Native 
floral 
abundanc
e

-0.067 0.828

Factor B p-value

Distance 
to nearest
town

-0.001 0.206

Distance 
to roads 0.003 0.676

Urban 
landscape 0.002 0.503

Altitude -0.001 0.827
Native 
floral 
abundanc
e

-0.123 0.680

0.0008 1.597

0.3080 0.047

SE Wald Chi-Square
GLM: Abundance season 2017/2018, Negative binomial distribution, AIC =
176.97

0.2985 0.170

Results of generalized linear models with abundance or species richness as
dependent variables and landscape variables as independent variables. The
effect of independent variables was nested in the year to account for
interannual.
*AIC=Akaike Information Criterion.

0.0080 0.175

0.0026 0.448

0.0033 0.048
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Table 5(on next page)

List of plants registered during field work and their origin.
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Species Family Origin
Adesmia gracilis Fabaceae Native
Adesmia  sp. Fabaceae Native
Alstroemeria pallida Alstroemeriaceae Native
Anthemis cotula Asteraceae Exotic
Astragalus looseri Fabaceae Native
Berberis empetrifolia Berberidaceae Native
Brassica campestris Brassicaceae Exotic
Calceolaria arachnoidea Calceolariaceae Native
Cardamine vulgaris Brassicaceae Native
Calandrinia affinis Montiaceae Native
Cerastium arvense Caryophyllaceae Exotic
Chaetanthera chilensis Asteraceae Native
Chaetanthera linearis Asteraceae Native
Chaetanthera pusilla Asteraceae Native
Chuquiraga oppositifolia Asteraceae Native
Convolvulus arvensis Convolvulaceae Exotic
Cynoglossum creticum Boraginaceae Exotic
Epilobium nivale Onagraceae Native
Gilia crassifolia Polemoniaceae Native
Haplopappus diplopappus Asteraceae Native
Haplopappus schumannii Asteraceae Native
Lobelia oligophylla Campanulaceae Native
Madia sativa Asteraceae Native
Microsteris gracilis Polemoniaceae Native
Mutisia sinuata Asteraceae Native
Oenothera acaulis Onagraceae Endemic
Olsynium philippii Iridaceae Native
Perezia carthamoides Asteraceae Native
Phacelia secunda Boraginaceae Native
Quinchamalium chilense Santalaceae Native
Rhodophiala rhodolirion Amaryllidaceae Native
Sanicula graveolens Apiaceae Native
Schizanthus hookeri Solanaceae Native
Senecio eruciformis Asteraceae Native
Solidago chilensis Asteraceae Exotic
Stachys philippiana Lamiaceae Endemic
Taraxacum officinale Asteraceae Exotic
Trifolium repens Fabaceae Exotic
Veronica anagallis-aquatica Plantaginaceae Exotic
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