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22 Abstract

23 1. Invasive plants can fundamentally impact ecosystems. As arthropods play prominent roles in 

24 ecosystem functioning via their food webs, understanding how plant invasion affects arthropod 

25 communities is essential.

26 2. We studied the impact of the invasive grass (Sporobolus cryptandus) on arthropods (ground 

27 beetles, orthopterans, spiders, and true bugs) across three habitat types in Hungary: forest-steppe, 

28 open sand grassland, and meadow steppe. We compared the species composition of arthropod 

29 groups and the abundance of species of conservation interest between invaded and control plots. 

30 We also identified species unique to either control or invaded plots. Additionally, we analysed 

31 the species richness and abundance of arthropod groups along a gradient of the invader density 

32 (low, medium, high, as well as control). 

33 3. We found that species composition between invaded and control plots only differed for 

34 vegetation-dwelling true bugs and orthopterans, with several species unique to control plots. 

35 Their species richness and/or abundance decreased with increasing Sporobolus cover, varying 

36 among habitats. Interestingly, low Sporobolus cover increased the species richness and 

37 abundance of ground beetles and the abundance of vegetation-dwelling, primarily web-building 

38 spiders. However, the conservation value of true bug, grasshopper and ground beetle species was 

39 reduced in invaded compared to control sites.

40 4. We conclude that low Sporobolus cover may temporarily increase arthropod species richness 

41 and abundance, but this effect is likely short-lived before Sporobolus rapidly gains dominance 

42 due to its fast spreading rate. Ultimately, Sporobolus invasion can reduce arthropod diversity, 

43 particularly affecting species of high conservation value.

44

45 Keywords: abundance, carabids, exotic, invasion, orthopterans, species richness, spiders, steppe, 

46 true bugs

47

Page 2 of 75Insect Conservation and Diversity



For Review Only

3

48 Introduction

49 The spreading of non-native species is one of the most severe threats to biodiversity in terrestrial 

50 ecosystems (Pyšek et al., 2020), and thus also one of the main global drivers of ecosystem change 

51 (Millennium Ecosystem Assessment, 2005). Plant species invasion may lead to changes in native 

52 plant community composition and diversity, microclimatic conditions, and soil properties 

53 (Ehrenfeld, 2003; Pehle & Schirmel, 2015; Vitousek et al., 1996). Accordingly, invasive plants 

54 can affect arthropod communities as well, but the responses of arthropod communities to plant 

55 invasion are often contradicting (Bezemer et al., 2014; Litt et al., 2014). Most studies reported a 

56 significant decrease in arthropod diversity and abundance in response to plant invasions (Litt et 

57 al., 2014). However, some studies found neutral or even positive effects of invasive plants on 

58 arthropods, suggesting that invasive plants may attract pollinators (Bartomeus et al., 2008; 

59 Graves & Shapiro, 2003; Kovács-Hostyánszki et al., 2022), provide alternative resources for 

60 generalist herbivores (Emery & Doran, 2013), and create favourable conditions for certain 

61 species (Pearson, 2009). 

62 Arthropods are essential components of the biodiversity and functioning of terrestrial 

63 ecosystems. They have a prominent role in pollination, herbivory, decomposition, nutrient 

64 cycling, and as food resources for many vertebrates (Yang & Gratton, 2014). Thus, understanding 

65 how arthropod communities respond to the spreading of a non-native plant is crucial for 

66 biodiversity conservation. It is particularly important in conservation areas, which harbour 

67 diverse arthropod communities with many specialist species, such as Eurasian dry grassland 

68 remnants in Europe (Cizek et al., 2012; Torma et al., 2014; van Swaay, 2002). 

69 The Kiskunság region of Hungary represents a transition zone between temperate 

70 deciduous forests and continental steppes, forming mosaics of forested and open habitat patches 

71 (Erdős et al., 2015, 2018). Several habitat types in the region are listed among the priority 

72 habitats of Annex 1 of the EU Habitats Directive (e.g., 2340* Pannonic inland dunes, 6260* 

73 Pannonic sand steppes). These habitats still harbour a unique flora and fauna characterised by 

74 several endemic or endangered species. Unfortunately, the region is highly influenced by non-

75 native plant species (Botta-Dukát, 2008), owing to the largely missing, formerly widespread 

76 traditional grazing management, lowering water table and climate change. We have restricted 

77 information on the effects of these non-native plants on grassland arthropods, with perhaps the 

78 only exception being common milkweed (Asclepias syriaca). Common milkweed has been 
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79 intensively studied in Hungary and throughout Europe. However, study results suggest significant 

80 but mixed effects of common milkweed on arthropods (Follak et al., 2021). 

81 Sand dropseed (Sporobolus crytrandus), a C4 grass species of North American origin, was 

82 recently discovered in Hungary (Török & Aradi, 2017) and has become an invasive species 

83 within a few years, particularly in the Kiskunság (Hábenczyus et al., 2022; Török et al., 2021). In 

84 contrast to the other Sporobolus species (e.g., S. neglectus and S. vaginiflorus) introduced into 

85 Europe, the spreading of sand dropseed is not limited to road margins and ruderal sites but also 

86 affects natural, semi-natural dry grasslands (Bauer & Verloove, 2023; Kröel-Dulay et al., 2024). 

87 In sand steppes, sand dropseed invasion significantly reduces the species richness and abundance 

88 of subordinate plants, homogenises the vegetation composition and can even lead to the complete 

89 replacement of the originally dominant native grasses (Hábenczyus et al. 2022; Török et al. 

90 2021). Although sand dropseed is also spreading in Western Russian and Ukrainian steppe 

91 habitats (Alekseev et al., 1996; Demina et al., 2018; Gouz & Timoshenkova, 2017; Kuvaev & 

92 Stepanova, 2014; Maltsev & Sagalaev, 2018), we have no information about the effects of the 

93 invasion of sand dropseed on the diversity of arthropod communities. To fill this knowledge gap, 

94 we examined the effect of sand dropseed invasion on dry grassland arthropod communities in the 

95 Kiskunság region, Hungary. 

96 The extent of the threat posed by invasive plants may vary among different habitats since 

97 habitat characteristics affects both the establishment and dominance of non-native plants in the 

98 community (Chytrý et al., 2009; Guarino et al., 2021). In addition, the density of invaders 

99 increases as invasions progress. Thus, studying the role of invasive plant density is useful for 

100 understanding ecological processes at different stages of invasion and predicting its future 

101 impacts. For example, Foster et al. (2021) concluded that the conflicting results of studies on the 

102 effects of the invasive spotted knapweed (Centaurea stoebe) were probably due to the different 

103 densities of the invaders in the study areas. However, the role played by the alien species' density 

104 has seldom been explored. To evaluate the effects of sand dropseed invasion into native 

105 grasslands, we sampled arthropod communities on plots established along a gradient of the 

106 invasive grass density in three characteristic and high-nature-value habitat types: forest-steppe, 

107 open sand grassland, and meadow steppe.

108 Different taxonomical or functional arthropod groups often respond differently to plant 

109 invasion (Bezemer et al., 2014). Therefore, we applied a multi-taxon approach, sampling both 
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110 ground-dwelling and vegetation-dwelling arthropods. In general, changes in the compositional 

111 diversity of vegetation affect the diversity of vegetation-dwelling, primarily herbivorous 

112 arthropods, whereas structural diversity is more related to that of ground-dwelling, mostly 

113 predatory arthropods (Lengyel et al., 2016; Torma et al., 2023). We selected spiders (Araneae), 

114 ground beetles (Coleoptera: Carabidae), true bugs (Hemiptera: Heteroptera), and orthopterans 

115 (Orthoptera) as study taxa since they are species-rich and abundant groups in grassland 

116 ecosystems and play different roles in ecosystem functioning. The majority of orthopterans and 

117 true bugs are important primary consumers in grasslands and provide a rich prey resource for 

118 several predators (Neff et al., 2019). Herbivorous insects are likely to be significantly affected by 

119 plant invasion, as they are directly related to plant species composition and diversity (Tallamy et 

120 al., 2021). Spiders and ground beetles are common predatory arthropods in many terrestrial 

121 ecosystems, although some ground beetle species are granivorous or omnivorous. Usually, they 

122 do not rely directly on plant species composition, even though plant invasions may indirectly 

123 affect them  through changes in vegetation structure or prey availability (Gratton & Denno, 2005; 

124 Khum et al., 2023). Finally, we explored the effect of invasion on particular species of high 

125 conservation value. These species are typically xerothermic species that prefer bare sandy soil 

126 surfaces, adapted to the semi-arid conditions. They are associated strongly with the critically 

127 endangered Pannonian sandy habitats (Janssen et al., 2016) and are therefore of conservation 

128 importance in the European Union.

129 We addressed the following research questions:

130 i) Does the sand dropseed invasion influence the species richness, composition and abundance of 

131 arthropod communities?

132 ii) Does the effect of sand dropseed invasion vary between selected habitat types and arthropod 

133 groups?

134 iii) Does the response of arthropod communities to sand dropseed invasion relate to its density?

135 iv) Does the number and abundance of the species of high conservation value differ between 

136 invaded and control sites?

137

138 Materials and methods

139 Study region and habitats
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140 We carried out the study in the Kiskunság sand ridge in the Danube-Tisza interfluve in Hungary, 

141 Central Europe (Fig. 1.). Kiskunság region has a continental climate with a mean annual 

142 temperature of 11°C and a mean annual precipitation of 550−600 mm (Dövényi et al., 2010). The 

143 soil is coarse-grained calcareous sand with low organic matter content. We selected our study 

144 sites in three different habitat types: forest-steppe (hereafter: FS), open sand grassland (hereafter: 

145 OG), and meadow steppe (hereafter: MS) (Fig. 1.). In the studied FS sites, smaller and larger 

146 patches of poplar trees (Populus alba) and shrubs (Crataegus monogyna and Juniperus 

147 communis) form a mosaic with sand grassland patches. Habitat conditions, including vegetation, 

148 are quite similar between OG and the grassland patches of sandy FS (Erdős et al., 2015). This 

149 similarity is also reflected in the similarity of arthropod communities, although the relatively 

150 small grassland patches of FS and the surrounding shrubs and trees could influence the 

151 composition and diversity of arthropod communities (Gallé & Torma, 2009; Kaur et al., 2019). In 

152 open sand grasslands, which are characterised by significant bare sand surface, the dominant 

153 plants are the tussock-forming, short-growing fescue grasses (Festuca vaginata and F. wagneri). 

154 Subordinate plants are other grasses (e.g., Stipa borysthenica) and drought-tolerant dicots (e.g., 

155 Fumana procumbens, Euphorbia seguieriana, Alkanna tinctoria). Meadow steppes are also 

156 characterised by the dominance of the tussock-forming, short-growing fescue grasses (F. rupicola 

157 and F. wagneri), but forming more dense vegetation together with several subordinate plants 

158 (e.g., Chrysopogon gryllus, Poa angustifolia, Pseudolysimachion spicatum, Salvia pratensis, and 

159 Dianthus pontederae).

160

161 Arthropod sampling and study design

162 In each habitat type, we selected five invaded vegetation plots and five corresponding control 

163 plots in the nearby vegetation, where sand dropseed was not present, resulting in 3×5 plot-pairs 

164 for sampling (Tale S1). The plots were 15 × 15 m, a reasonable size even for a small invaded 

165 area. Due to the early invasion stage, the number of patches invaded by sand dropseed was 

166 limited, and their area was usually small, ca. 400-800 m2. Typically, only the patches with higher 

167 sand dropseed cover exceeded 1000 m2. Control plots situated 20 m from the edge of the invaded 

168 plots were characterised by the same habitat conditions, i.e. same vegetation type, succession 

169 status and site history. The mean distance between plot-pairs within habitat types was 413 ± 34 m 

170 (mean ± SEM). Furthermore, in accordance with previous studies on sand dropseed invasion in 
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171 these sites (c.f. Török et al., 2021), we classified the invaded plots into three density categories: 

172 low (1–20% mean cover), medium (21–50%) and high (above 50%). We assessed the sand 

173 dropseed cover in three 5 × 5 m quadrats in each invaded plot.

174 For sampling ground-dwelling true bugs, spiders, and ground beetles, we used pitfall traps 

175 (white 500 ml plastic cups, 8.5 cm in diameter) filled with a 50% ethylene glycol–water solution. 

176 The traps were equipped with transparent plastic funnels to avoid vertebrate bycatch and a plastic 

177 roof was placed over each trap to prevent the preservative from dilution (Császár et al., 2018). In 

178 each plot, we placed three pitfall traps in a row 10 m apart, resulting in a total of 90 traps. The 

179 traps were active for two weeks in one sampling period. We sampled vegetation-dwelling true 

180 bugs, spiders, and orthopterans, using a sweep-net with a diameter of 40 cm. In a sampling 

181 period, we performed 2 × 25 sweeps on sunny, windless days in each plot. We conducted the 

182 sampling procedures in the main vegetation period between the 19th of June and the 21st of July. 

183 During this period, pitfall trapping and sweep-netting were repeated two and three times, 

184 respectively. Arthropods were identified at the species level based on morphological characters 

185 (detailed information about literature used for identification is available in Supplementary 

186 material, Table S2). The nomenclature follows Cigliano et al. (2017), Müller-Motzfeld (2004), 

187 Wachmann et al. (2004–2012), and World Spider Catalog (2023).

188

189 Data analyses

190 To assess the overall effect of sand dropseed invasion on the different arthropod groups, we 

191 applied distance-based redundancy analyses (dbRDA, Bray-Curtis dissimilarity) using the vegan 

192 R package (Oksanen et al., 2020). The effect of invasion (invaded and control), habitat type (FS, 

193 OG, and MS) and their interaction on the species composition of arthropod groups was tested by 

194 anova function. In addition, we applied the indicator species approach of Dufrêne and Legendre 

195 (1997) to identify species associated with invaded or control plots in the different habitat types. 

196 In this method, indicator values are calculated by combining specificity (i.e., the abundance of 

197 the species in a given site group) and fidelity (i.e., the probability of finding the species at sites 

198 belonging to that site group). We used the multipatt function in the indicspecies R package (De 

199 Cáceres and Legendre, 2009). The function searches for indicator species for both individual site 

200 groups and combinations of site groups (De Cáceres et al., 2010).
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201 To reveal the responses of different arthropod groups to sand dropseed density, we 

202 separately analysed the species richness and abundance (activity-density in the case of pitfall 

203 trapping) of each arthropod group per sampling method. For analyses, arthropod species data 

204 were pooled by sampling plots, resulting in 60 (3 habitats × 5 plot-pairs × 2 repetitions) and 90 (3 

205 habitats × 5 plot-pairs × 3 repetitions) statistical samples in case of pitfall trapping and sweep-

206 netting, respectively. We analysed the effect of sand dropseed invasion on arthropod 

207 communities with generalised linear mixed-effects models (GLMMs, Poisson models) using the 

208 lme4 R package (Bates et al., 2015). In the case of data overdispersion, we used negative 

209 binomial models. We used species richness and abundance of arthropod groups as response 

210 variables, and sand dropseed coverage class (low, medium, high, and control), habitat type (FS, 

211 OG, and MF), and their interaction as fixed effects. Sampling sites (i.e., plot-pairs) and 

212 repetitions (i.e., sampling periods) were incorporated into models as separate random effects. We 

213 conducted post hoc comparisons with the help of the emmeans R package (Lenth, 2020). In 

214 separate models, we also compared species richness and abundance of high conservation value 

215 arthropod species between invaded and control sites. In these models, habitat type was considered 

216 as a random factor (sampling pairs nested in habitat types). Based on the expert knowledge of the 

217 authors, we selected the species of high conservation value (Table S2). We considered species of 

218 high conservation value according to the following criteria: i) dry grassland specialists (steppe, 

219 forest-steppe or open sand grassland species), ii) rare in Central Europe and iii) also rare or only 

220 locally abundant in Hungary. We excluded dry grassland specialists that are widespread and 

221 common in Hungarian grasslands.

222 All analyses were conducted in the R environment (R Development Core Team, 2023). 

223

224 Results

225 We collected 3639 adult specimens of 159 species (28 orthopteran, 84 true bug, and 47 spider 

226 species) by sweep-netting, and 2314 adult specimens of 124 species (29 ground beetle, 42 true 

227 bug, and 53 spider species) by pitfall trapping, including 9 grasshopper, 30 true bug, 29 spider 

228 and 9 ground beetle species of high conservation value (Table S2). 

229

230 Vegetation-dwelling arthropods
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231 We found a significant effect of invasion, habitat type, and their interaction on the species 

232 composition of orthopterans and true bugs (Table 1). Invaded plots were distinct from control 

233 plots, particularly in OG and FS sites, as shown in the ordination diagrams (Fig. 2). Additionally, 

234 invaded plots tended to cluster together, especially in the case of true bugs, suggesting the 

235 homogenization of communities due to the invasion. However, only habitat type had a significant 

236 effect on the species composition of spiders (Table 1). We identified indicator species for each 

237 habitat type, and a number of them were associated with both FS and OG sites (Table S4). 

238 Several vegetation-dwelling species, particularly among true bugs, were exclusively associated 

239 with the control or invaded plots (Table 2). The majority of species of high conservation value 

240 were associated with the control plots. Species associated with the invaded plots were mostly 

241 found in MS sites, whereas species associated with control plots were found in each habitat type. 

242 Habitat type affected the species richness and abundance of orthopterans, whilst sand 

243 dropseed invasion influenced only their abundance (Table 3; Table S3; Fig. 3 a,b). In addition, 

244 we found a significant interacting effect of habitat type and invasion on the abundance of 

245 orthopterans. Orthopteran abundance was significantly lower in plots with high sand dropseed 

246 cover compared to plots with low and medium cover and controls (Fig. 3b). However, the 

247 significant interaction suggested that this pattern could vary between the orthopteran 

248 communities in different habitat types. Orthopteran abundance was significantly lower in the 

249 plots with high sand dropseed cover in FS sites and in the plots with medium and high cover in 

250 OG sites, compared to the controls. In contrast, orthopteran abundance increased in the plots with 

251 low cover compared to the plots with high cover and controls in MS sites (Fig. 4). Only sand 

252 dropseed invasion significantly influenced the species richness and abundance of true bugs 

253 (Table 3; Table S3). Both the species richness and abundance of true bugs were lower in plots 

254 with medium and high sand dropseed cover compared to control plots (Fig. 3c,d). There were no 

255 significant differences in any other cases. Habitat type significantly affected the species richness 

256 of spiders, whilst sand dropseed invasion affected their abundance (Table 3; Table S3). Their 

257 abundance was higher in plots with low sand dropseed cover than the control plots, but no 

258 significant differences existed in any other cases (Fig. 3e,f). 

259 For species of high conservation value, the species richness of grasshoppers did not differ 

260 between invaded and control sites (t = -1.747, p = 0.084), but their abundance was significantly 

261 lower in invaded sites (t = -3.874, p < 0.001) (Fig. 6a,b). Both the species richness (t = -5.584, p 
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262 < 0.001) and abundance (t = -4.888, p < 0.001) of true bugs of conservation importance were 

263 significantly lower in invaded sites (Fig. 6a,b). We found no significant differences in the number 

264 (t = 1.417, p = 0.160) and abundance (t = 1.638, p = 0.105) of spider species (Fig. 6a,b). 

265

266 Ground-dwelling arthropods

267 In contrast to plant-dwelling arthropods, only the habitat type influenced significantly the 

268 species compositon of ground-dwelling arthropod groups (Table 1). Accordingly, most indicator 

269 species were associated with a given habitat type regardless of sand dropseed invasion (Table 

270 S4). We found only a few ground-dwelling species that were exclusively associated with control 

271 or invaded plots (Table 2). 

272 Habitat type significantly affected the species richness of ground-dwelling true bugs, whilst sand 

273 dropseed invasion did not affect their species richness and abundance (Table 3; Table S3; Fig. 

274 5a,b). Similarly, only habitat type, but not the invasion, affected spider species richness and 

275 abundance significantly (Table 3; Table S3; Fig. 5c,d). Both habitat type and sand dropseed 

276 invasion showed significant effects on the species richness and abundance of ground beetles 

277 (Table 3; Table S3). Ground beetle species richness was significantly higher in plots with low 

278 sand dropseed cover compared to plots with medium and high cover and controls (Fig. 5e). 

279 Ground beetle abundance was also higher in plots with low cover compared to plots with medium 

280 and high cover. Still, compared to controls, the difference was only near significant (p = 0.055) 

281 (Fig. 5f). 

282 Concerning species of high conservation value, their numbers were significantly lower in 

283 invaded sites in the case of true bugs (t = -2.539, p = 0.014) and ground beetles (t = -2.411, p = 

284 0.020), in contrast to their abundance (for true bugs: t = -1.644; p=0.107; for ground beetles: t = -

285 1.072, p = 0.289) (Fig. 6c,d). We found no significant differences in the number (t = 0.835, p = 

286 0.408) and abundance (t = -0.739, p = 0.463) of spider species between invaded and control sites 

287 (Fig. 6c,d).

288

289 Discussion

290 We studied the impact of the recently introduced, invasive sand dropseed (Sporobolus 

291 cryptandrus) on arthropod communities in open sand grassland, forest steppe, and meadow 

292 steppe habitats. We found neutral or even positive effects of the emerging invasion on predatory 
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293 spiders and partly omnivorous/phytophagous ground beetles, whilst the invasion overall 

294 negatively affected the vegetation-dwelling, primarily herbivorous orthopterans and true bugs. 

295 However, the effects of invasion depended on the density of sand dropseed and varied between 

296 habitat types. Overall, sand dropseed negatively affected the arthropod species of high 

297 conservation value. 

298

299 Responses of Orthoptera to invasion varied between habitat types

300 The species composition of orthopterans differed between invaded and control plots, particularly 

301 in OG and FS habitats. These changes in species composition were presumably driven by 

302 changes in orthopteran abundance. Sand dropseed invasion affected their abundance, but did not 

303 affect species richness. The abundance of orthopteran communities responds quickly and 

304 sensitively to changes in vegetation, whether it is due to grassland management or plant invasion 

305 (Torma et al., 2019; Yoshioka et al., 2010). Additionally, several studies have reported that while 

306 herbivore abundance decreases in response to invasive plants, species richness remains 

307 unaffected (Litt et al., 2014). We also found that orthopteran abundance decreased in OG and FS 

308 sites, particularly in plots with high sand dropseed cover, in contrast to MS sites, where 

309 orthopteran abundance did not change or even increased in plots with low sand dropseed cover. 

310 Responses of food generalists to plant invasion are often varied, and in some cases, facilitation of 

311 native herbivores has also been reported (De Groot et al., 2007; Samways & Moore, 1991). On 

312 the one hand, non-native plants may serve as additional resources for generalist herbivores 

313 (García-Robledo & Horvitz, 2011; Graves & Shapiro, 2003). Jonas et al. (2002) found that an 

314 invasive grass, which proved to be a suitable food plant for grasshoppers, positively affected 

315 them. Although the majority of collected orthopterans were grasshoppers, sand dropseed, being a 

316 C4 grass, is presumably less preferable to grass-feeding herbivores due to the unfavourable C:N 

317 ratio and the high amount of sclerenchyma (Pinder & Kroh, 1987; Heckathorn et al., 1999). In 

318 addition, the Eurasian steppe zone is characterised by the prevailing dominance of C3 grasses 

319 (Hurka et al., 2019), and insect herbivores that live in Eurasian grasslands are presumably less 

320 adapted to C4 grasses than insect herbivores in, e.g., African savannahs (van Bergen et al., 2016). 

321 It seems that sand dropseed is not a suitable host plant for native insect herbivores, which 

322 confirms the fact that alien plants have rarely been proven to be suitable food plants for native 

323 herbivorous insects (Bezemer et al., 2014; Talamy et al., 2021). On the other hand, a non-native 
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324 plant may increase the architectural complexity and/or species diversity of vegetation thus 

325 positively affecting generalist herbivores (Gallé et al., 2023). Török et al. (2021) have previously 

326 reported that low cover of sand dropseed increased the species richness of plant communities, 

327 which could be favourable for some generalist herbivores or even omnivorous species such as 

328 Roeseliana roeselii. 

329 However, even the high sand dropseed cover did not cause reduced orthopteran abundance 

330 in MS sites, in contrast to OG and FS sites. Increasing cover of non-native grass species can 

331 reduce the abundance of grasshoppers, which prefer open vegetation, as opposed to grasshoppers, 

332 which prefer closed vegetation (Litt & Steidl, 2010). Numerous grasshopper species collected in 

333 FS and OG sites, such as Stenobothrus fischeri and Calliptamus barbarus, prefer bare soil 

334 surfaces and short, sparse vegetation (Cigliano et al. 2017; Iorgu & Iorgu, 2008). Presumably, 

335 these species reacted much more adversely to the increasing vegetation height and cover due to 

336 sand dropseed invasion than eurytopic species (e.g. Chorthippus brunneus and Euchorthippus 

337 declivus), or species with a preference for closed grasslands (e.g., Ch. dichrous), which were 

338 associated with MS sites. Arthropods need to adapt to the harsh environment in the semidesert-

339 like OG and FS habitats; thus, some life-history trait states are favoured (drought tolerant, 

340 thermophile, preference for bare soil surface, etc.). This environmental filtering of species may 

341 lead to low functional diversity but a high degree of habitat specialisation in arthropod 

342 communities (Gallé et al., 2018). The different responses of orthopteran communities to invasion 

343 in the different habitat types were presumably due to the presence of more habitat specialists in 

344 OG and FS sites. There are greater impacts of invasive grasses on native grasshoppers when they 

345 are habitat specialists, as opposed to habitat generalists (Yoshioka et al., 2010). However, the 

346 invasion vulnerability of native herbivores has rarely been examined as a function of their habitat 

347 specificity.

348

349 Vegetation-dwelling, but not ground-dwelling true bugs were affected by invasion

350 We found that sand dropseed invasion had a severe impact on the species composition of 

351 vegetation-dwelling true bugs, and could homogenise their communities. Additionally, both their 

352 abundance and species richness decreased with increasing sand dropseed cover, regardless of the 

353 habitat type. Generally, food specialist herbivores are more vulnerable to plant invasion than 

354 generalists, as they have little or no flexibility in their choice of host plant species (De Groot et 

Page 12 of 75Insect Conservation and Diversity



For Review Only

13

355 al., 2007; Harvey & Fortuna, 2012). Numerous true bugs are specialised to a restricted number of 

356 host plants, most of which are dicots (Wachman et al. 2004-2012). It was previously shown that 

357 with increasing sand dropseed cover, the cover of insect-pollinated dicots decreased in the study 

358 sites (Hábenczyus et al., 2022). The results of indicator species analysis underpin the sensitivity 

359 of food specialist herbivores to invasion since the majority of true bugs, which avoided invaded 

360 plots, were mono-, or oligophagous species having clear host plant preferences (e.g., 

361 Dicranocephalus albipes, Oncochila scapularis, Emblethis ciliatus feed on Euphorbia, and 

362 Polymerus unifasciatus feeds on Galium). However, several food generalist species also showed 

363 sensitivity to sand dropseed invasion (e.g., Chorosoma gracile, Eurygaster dilaticollis, and 

364 Phimodera humeralis). These species have a strong affinity to their habitats (Wachman et al. 

365 2004-2012), suggesting again that habitat specialisation may have an important role in the 

366 response of true bugs to plant invasion besides trophic specialisation. In addition, some of them 

367 feed exclusively on grasses, suggesting that sand dropseed is not a suitable host plant for native 

368 herbivores. 

369 An unexpected finding was, however, the lack of any significant effect of sand dropseed on 

370 ground-dwelling true bug communities. In contrast, the invasive common milkweed could affect 

371 the species richness and abundance of ground-dwelling true bugs (Gallé et al., 2023). In terms of 

372 species-specific responses, except for the above-mentioned E. ciliatus, the majority of frequent 

373 ground-dwelling species (Pionosomus opacellus, Aellopus atratus, Ocethostethus opacus, and 

374 Acalypta gracilis) were not affected by sand dropseed. Although many ground-dwelling species 

375 have a strong affinity to dry sandy grasslands and often to their host plant species as well (Gallé 

376 et al., 2010; Polchaninova et al., 2016; Torma & Körmöczi, 2008), ground-dwelling hemipterans 

377 are presumably less dependent on vegetation composition than vegetation-dwelling ones (Orabi 

378 et al., 2011). Ground-dwelling species are usually more affected by soil surface conditions, such 

379 as the physical structure and temperature, which influence their locomotion and activity (Torma 

380 & Gallé, 2011). The studied habitats are dominated by tussock-forming fescue grasses, and the 

381 presence of sand dropseed tussocks might not cause pronounced changes in the vegetation 

382 structure at the soil level. Presumably, sand dropseed also cannot alter the microclimate in this 

383 harsh environment, contrary to the well-known impacts of common milkweed (Follak et al., 

384 2021). However, the physiognomy of common milkweed is very different from grasses, and for 

385 example, their broad leaves have a significant shading effect on the soil surface (Gallé et al., 
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386 2023). Lastly, mosses and lichens are also key components for true bugs in sandy areas; the cover 

387 of mosses and lichens can influence the herbivores feeding on them, e.g. the Acalypta species, 

388 and it may affect the diversity and population density of ground-dwelling true bugs in general as 

389 they may serve as shelters for them (Spungis, 2005; Torma & Gallé, 2011). However, the sand 

390 dropseed seems to have a negative effect on dicotyledons, while it has less of an effect on 

391 grasses, mosses and lichens (Hábenczyus et al., 2022).

392

393 Low sand dropseed cover supported vegetation-dwelling, but not ground-dwelling spiders

394 Overall, we found almost no effect of invasion on spiders, except for the increased abundance of 

395 vegetation-dwelling spiders in plots with low sand dropseed cover. Sand dropseed is a high grass 

396 compared to dominant fescue species, and its low cover increases the structural complexity of 

397 vegetation (Kröel-Dulay et al., 2024). Increased vegetation complexity could be advantageous for 

398 spiders, providing more attachment points for web building, thus improving their hunting success 

399 (Pearson, 2009). In addition, low sand dropseed cover was shown to support the plant species 

400 richness (Török et al., 2021) and higher plant species richness often leads to higher structural 

401 complexity of vegetation, providing higher web site diversity for spiders (Finch et al., 2008; 

402 Rypstra et al., 1999). However, as the sand dropseed cover increased, the plant species diversity 

403 decreased, and the vegetation structure became more homogeneous (Török et al., 2021). The 

404 North American cobweb spider Euryopis saukea, a small myrmecophagous spider, with a 

405 preference for xerothermic open habitats, was associated with invaded plots in FS and OG sites. 

406 In addition, the well-known, large orb web spider Argiope bruennichi preferred invaded plots in 

407 MS sites, supporting the idea that the vegetation structure altered by low sand dropseed cover is 

408 particularly advantageous for web-building spiders. 

409 Besides vegetation structure, microclimate and soil moisture are also crucial for ground-

410 dwelling spiders (Carvalho et al., 2011; Entling et al., 2007). For example, many spiders are very 

411 sensitive to desiccation. Unlike some insects, spiders cannot extract moisture from atmospheric 

412 water vapour (Pultz, 1987). Therefore, soil moisture or litter humidity is particularly important 

413 for them (Wagner et al., 2003). If a non-native plant can alter these conditions, ground-dwelling 

414 spider communities respond sensitively to plant invasion (Schirmel & Buchholz, 2013). For 

415 example, the common milkweed invasion affected the species richness of ground-dwelling 

416 spiders via reduced soil moisture and temperature (Gallé et al., 2023). However, similarly to 
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417 ground-dwelling true bugs, the lack of changes in community-level patterns of ground-dwelling 

418 spiders suggests that the presence of sand dropseed did not cause pronounced changes in the 

419 habitat conditions at the soil level. Even though, there were some species, e.g., Hogna radiata, a 

420 large wolf spider, that avoided invaded plots. 

421

422 Low sand dropseed cover supported ground beetles 

423 Similar to spiders, the responses of ground beetles to plant invasion often varied according to the 

424 impact of the invasive plants on vegetation structure, soil moisture, microclimate, and the 

425 availability of prey (Schirmel et al., 2011; Pehle & Schirmel, 2015). Medium and high sand 

426 dropseed cover did not influence ground beetle species richness and abundance, coinciding with 

427 the findings in the other ground-dwelling arthropod groups. However, low sand dropseed cover 

428 even increased their species richness and abundance, presumably via the increased plant species 

429 richness. Carabidae is a diverse taxon in the sense of trophic behaviour of species, and 

430 herbivorous (seed predator) ground beetles can be supported by higher plant species richness (Liu 

431 et al., 2015; Lundgren et al., 2011). In addition, some species (Harpalus spp., Amara spp.) are 

432 proven to be able to adapt to consuming seeds of alien plants (Brust & House, 1988), which may 

433 result in increasing abundance and homogenisation of ground beetle communities (Hansen et al., 

434 2009; Topp et al., 2008). The studied ground beetle communities were dominated by the genus 

435 Harpalus, which mainly consists of seed predator species and some of them (H. servus, H. 

436 picipennis) preferred invaded plots, but only in certain habitats. Sand dropseed is a prolific seed 

437 producer (Brown, 1943), that may be advantageous for seed predators, except for large species. 

438 Its seeds are very small and large ground beetles prefer heavier seeds (Fischer et al., 2021; Honek 

439 et al., 2007). In addition, seed energy content also influences seed predation rates (Gaba et al., 

440 2019). However, we have no information on whether native carabid beetles consume sand 

441 dropseed seeds.

442

443 Sand dropseed negatively affected the arthropod species of high conservation value

444 Except for spiders, sand dropseed reduced the species richness and/or abundance of arthropods of 

445 high conservation value. In the case of vegetation-dwelling true bugs and orthopterans, it 

446 coincided with the response of the total assemblages. However, the number of ground-dwelling 

447 true bug and ground beetle species of high conservation value was also lower in sites invaded by 
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448 sand dropseed, in contrast to the species number of their total assemblages. Many species of high 

449 conservation value also showed species-specific responses, such as S. fischeri, C. barbarus, Ph. 

450 humeralis, D. albipes, Ch. gracile, E. ciliatus (cfr. Table 2). Many of these specialist species of 

451 high conservation value are endangered or even extinct in other Central European countries 

452 according to the national red lists (cfr. Holuša et al., 2017; Kment et al., 2017; Rabitsch, 2012; 

453 Štepanovičová & Bianchi, 2001; Řezáč et al., 2015, Veselý et al. 2017). Thus their conservation 

454 in Hungary, where sand habitats still harbour their stable populations, should be a high priority.

455

456 Conclusion

457 Based on the results, we can assert that the spreading of sand dropseed seriously threatens dry 

458 grassland arthropod communities, particularly the species of high conservation value. Although 

459 we agree with the conclusion of numerous studies that the impact of invasive plants on different 

460 taxonomic and/or functional groups of arthropods can often vary and even be contradictory (Litt 

461 et al., 2014). We suggest that, habitat specialisation and substrate preference of arthropods, even 

462 in the case of herbivores, play essential roles in their reaction to plant invasion in addition to their 

463 trophic level and food specialisation. However, we have to note, that all the slight positive effects 

464 found in the present study and reported by previous studies on plant communities (Hábenczyus et 

465 al., 2022; Török et al., 2021), were due to the low cover of sand dropseed in certain sites. 

466 Presumably, low sand dropseed cover may increase the local species richness, but its high density 

467 causes reduced diversity and homogenisation of communities. Based on its extremely fast 

468 spreading rate, it will probably gain higher coverage in extended areas in the future, suggesting 

469 serious consequences for the native flora and fauna. How to control sand dropseed invasion is the 

470 focus of some ongoing research in Hungary; for example, its possible suppression by a 

471 hemiparasitic plant, Odontites lutea. Some studies highlighted the potential role of native 

472 parasitic plants in suppressing invasive or dominant species, thus aiding in the restoration of 

473 affected habitats (Mládek et al., 2017; Těšitel et al., 2020). However, it is poorly known how 

474 such a restoration method affects arthropods (e.g., Tesitel et al., 2025).

475
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759 Table 1. Effects of sand dropseed invasion, habitat type and their interacting term on the species 
760 composition of different arthropod groups according to dbRDAs. Effects on vegetation-dwelling 
761 and ground-dwelling groups are listed above and below the dashed line, respectively. Significant 
762 results are marked in bold.

 Variance % F P
ORTHOPTERA
invasion 6.97 4.123 < 0.001
habitat 33.46 9.894 0.028
invasion × habitat 19.03 5.626 0.004
HETEROPTERA 
invasion 11.84 5.527 < 0.001
habitat 22.68 5.295 < 0.001
invasion × habitat 14.19 3.311 < 0.001
ARANEAE 
invasion 4.98 1.801 0.149
habitat 24.24 4.392 < 0.001
invasion × habitat 4.68 0.849 0.568
HETEROPTERA 
invasion 22.63 0.480 0.799
habitat 22.63 3.800 0.003
invasion × habitat 4.54 0.762 0.600
ARANEAE 

invasion 1.10 0.385 0.952
habitat 27.35 4.790 < 0.001
invasion × habitat 3.40 0.599 0.904
CARABIDAE
invasion 0.94 0.373 0.831
habitat 37.16 7.393 < 0.001
invasion × habitat 1.62 0.323 0.949

763
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764 Table 2. Effects of sand dropseed invasion, habitat type and their interacting term on different 

765 arthropod groups according to GLMMs. Effects on vegetation-dwelling and ground-dwelling 

766 groups are listed above and below the dashed line, respectively. Significant results are marked in 

767 bold.

 Species richness P Abundance nb

 χ2 df P χ2 df P
ORTHOPTERA
invasion 4.51 3 0.211 39.2 3 < 0.001
habitat 44.81 2 < 0.001 33.02 2 <0.001
invasion × habitat 8.18 6 0.225 36.41 6 <0.001
HETEROPTERA 
invasion 20.61 3 < 0.001 32.37 3 <0.001
habitat 2.54 2 0.281 4.44 2 0.108
invasion × habitat 5.25 6 0.511 10.03 6 0.123
ARANEAE 
invasion 1.87 3 0.598 8.163 3 0.043
habitat 8.15 2 0.017 3.534 2 0.171
invasion × habitat 2.97 6 0.812 11.49 6 0.074
HETEROPTERA 
invasion 3.41 3 0.332 2.83 3 0.418
habitat 9.19 2 0.01 5.45 2 0.065
invasion × habitat 7.6 6 0.268 0.98 6 0.986
ARANEAE 

invasion 1.85 3 0.604 4.36 3 0.225
habitat 34.12 2 < 0.001 57.44 2 <0.001
invasion × habitat 4.56 6 0.6 2.91 6 0.821
CARABIDAE
invasion 14.54 3 0.002 11.84 3 0.007
habitat 12.27 2 0.002 20.163 2 <0.001
invasion × habitat 9.03 6 0.172 3.146 6 0.79

768 P Poisson model, nb negative binomial model (except ground-dwelling spider abundance, in which 
769 case we did not detect overdispersion) 
770

771
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772 Table 3. The list of the species, which were associated with invaded (Inv) or control (Ctrl) plots 

773 in one or more habitat types according to the multi-level pattern analysis of indicator species. 

774 Vegetation-dwelling species and ground-dwelling species are listed above and below the dashed 

775 line, respectively. Abbreviation of arthropod groups: Orth - orthopterans, Het - true bugs, Ara - 

776 spiders, and Car - ground beetles. Stars indicate the species of high conservation value. For 

777 detailed information on the results of the extended Indicator Value method see Table S3.

Species Group Forest 
steppe

Open sand 
grassland

Meadow 
steppe

 Inv Ctrl Inv Ctrl Inv Ctrl
Calliptamus italicus Orth ×
Roeseliana roeselii Orth ×
Berytinus geniculatus* Het ×
Berytinus minor Het ×
Argiope bruennichi Ara ×
Euryopis saukea Ara × ×
Stenobothrus nigromaculatus* Orth ×
Dolycoris baccarum Het ×
Lasiacantha gracilis Het ×
Polymerus unifasciatus Het ×
Cheiracanthium pennyi Ara ×
Oncochila scapularis* Het × ×
Stenobothrus fischeri* Orth ×
Aelia rostrata Het ×
Dicranocephalus albipes* Het ×
Trigonotylus caelestialium Het ×
Runcinia grammica Ara ×
Calliptamus barbarus* Orth × ×
Chorosoma gracile* Het × ×
Eurygaster dilaticollis* Het × ×
Phimodera humeralis * Het × ×
Trigonotylus pulchellus* Het × ×
Chlamydatus saltitans Het ×
Europiella artemisiae Het ×
Emblethis ciliatus* Het ×
Sciocoris deltocephalus* Het × × ×
Hogna radiata Ara ×
Syntomus truncatellus Car ×
Harpalus servus* Car × × ×
Harpalus picipennis* Car × × ×

778
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779 Figure legends

780

781 Fig. 1. Schematic maps showing the location of the studied habitats.

782

783 Fig. 2. Ordination plots from distance-based redundancy analyses (db-RDA, Bray-Curtis index) 

784 depict the effect of sand dropseed invasion (inv vs ctrl), habitat type (FS, OG, and MS) and their 

785 interaction on vegetation-dwelling orthopterans (a) and true bugs (b). Abbreviations: FS - forest 

786 steppe, OG - open sand grassland, MS - meadow steppe, ctrl - control, inv - invaded.

787

788 Fig. 3. Estimated means and confidence limits depict the differences in vegetation-dwelling 

789 arthropod (orthopterans, true bugs, spiders) species richness and abundance in relation to the 

790 invasive sand dropseed cover (control: not present, low: 1-20 %, medium: 21-50%, high: above 

791 50%) on logarithmic (ln) scale. Different letters indicate significant differences between the four 

792 treatments based on post hoc comparisons. Abbreviations: ctrl - control, med - medium. For 

793 detailed information on post hoc comparisons see Table S2.

794

795 Fig. 4. Estimated means and confidence limits depict the differences in ground-dwelling 

796 arthropod (true bugs, spiders, ground beetles) species richness and abundance in relation to the 

797 invasive sand dropseed cover (control: not present, low: 1-20 %, medium: 21-50%, high: above 

798 50%) on logarithmic (ln) scale. Different letters indicate significant differences between the four 

799 treatments based on post hoc comparisons. Abbreviations: ctrl - control, med - medium. For 

800 detailed information on post hoc comparisons see Table S2.

801

802 Fig. 5. Estimated means and control limits depict the differences in the orthopteran abundance in 

803 relation to the invasive sand dropseed cover (control: not present, low: 1-20 %, medium: 21-50%, 

804 high: above 50%) within habitat types on logarithm scale. Different letters indicate significant 

805 differences between the four treatments, based on post hoc comparisons between treatments 

806 within habitat types. Abbreviations: ctrl - control, med - medium. For detailed information on 

807 post hoc comparisons see Table S2.

808
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809 Fig. 6. Bar charts (mean ± SE) depict the differnces in the number and abundance of species of 

810 high conservation value between sand dropseed-invaded and control sites (a,b - plant-dweeling 

811 spiders, true-bugs and orthopterans; c,d - ground-dwelling spiders, true bugs and ground beetles). 

812 Stars indicate the level of significance (* p < 0.05; ** p < 0.01; *** p < 0.001).

813
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22 Abstract

23 1. Invasive plants may canhave fundamentally impacts on ecosystems. As arthropods play 

24 prominent roles in ecosystem functioning via their food webs, knowing how plant invasion 

25 affects arthropod communities is essential.

26 2. We studied the effect impact of the invasive sand dropseed the invasive grass (Sporobolus 

27 cryptandus) on arthropods (ground beetles, orthopterans, spiders, and true bugs) across three 

28 habitat types in Hungary: forest-steppe, open sand grassland, and meadow steppe. We compared 

29 the species composition of arthropod groups. species richness and abundance Additionally, we 

30 analysed the species richness and abundance of arthropod groups along a gradient of the invader 

31 density (low, medium, high, as well as control). in three habitat types of high conservational 

32 value (forest-steppe, open sand grassland, and meadow steppe) in Hungary. We sampled 

33 vegetation-dwelling arthropods (orthopterans, true bugs, and spiders) by sweep-netting and 

34 ground-dwelling arthropods (true bugs, spiders, and ground beetles) by pitfall trapping.

35 3. Orthopteran abundance decreased with increasing sand dropseed cover, but this varied among 

36 habitats. Their abundance was even higher in meadow steppe sites with low invasive grass cover 

37 compared to controls. The species richness and abundance of vegetation-dwelling true bugs 

38 decreased with increasing sand dropseed cover. We found that species composition between 

39 invaded and control plots only differed for vegetation-dwelling true bugs and orthopterans, with 

40 several species unique to control plots. Their species richness and/or abundance decreased with 

41 increasing Sporobolus cover, varying among habitats.However, Interestingly, low 

42 Sporobolussand dropseed cover increased the species richness and abundance of ground beetles 

43 and the abundance of vegetation-dwelling, primarily web-building spiders. However, 

44 Nevertheless, the conservation value of true bug, grasshopper and ground beetle species was 

45 reduced in invaded compared to control sites.

46 4. We conclude that low sand dropseed cover may increase arthropod species richness and 

47 abundance possibly only for a short period. However, the diversity of arthropods, particularly 

48 species of high conservation value, can be reduced in invaded sites. Considering the fast 

49 spreading of sand dropseed, we highlight that its invasion threatens the native arthropod fauna of 

50 dry grasslands.We conclude that low Sporobolus cover may temporarily increase arthropod 

51 species richness and abundance, but this effect is likely short-lived before Sporobolus rapidly 
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52 gains dominance due to its fast spreading rate. Ultimately, Sporobolus invasion can reduce 

53 arthropod diversity, particularly affecting species of high conservation value.

54

55 Keywords: abundance, carabids, exotic, invasion, orthopterans, species richness, spiders, steppe, 

56 true bugs

57
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58 Introduction

59 The spreading of non-native species is one of the most severe threats to biodiversity in terrestrial 

60 ecosystems (Pyšek et al., 2020), and thus also one of the main global drivers of ecosystem change 

61 (Millennium Ecosystem Assessment, 2005). Plant species invasion may lead to changes in native 

62 plant community composition and diversity, microclimatic conditions, and soil properties 

63 (Ehrenfeld, 2003; Pehle & Schirmel, 2015; Vitousek et al., 1996). Accordingly, invasive plants 

64 can affect arthropod communities as well, but the responses of arthropod communities to plant 

65 invasion are often contradicting (Bezemer et al., 2014; Litt et al., 2014). Most studies reported a 

66 significant decrease in arthropod diversity and abundance in response to plant invasions (Litt et 

67 al., 2014). However, some studies found neutral or even positive effects of invasive plants on 

68 arthropods, suggesting that invasive plants may attract pollinators (Bartomeus et al., 2008; 

69 Graves & Shapiro, 2003; Kovács-Hostyánszki et al., 2022), provide alternative resources for 

70 generalist herbivores (Emery & Doran, 2013), and create favourable conditions for certain 

71 species (Pearson, 2009). 

72 Arthropods are essential components of the biodiversity and functioning of terrestrial 

73 ecosystems. They have a prominent role in pollination, herbivory, decomposition, nutrient 

74 cycling, and as food resources for many vertebrates (Yang & Gratton, 2014). Thus, understanding 

75 how arthropod communities respond to the spreading of a non-native plant is crucial for 

76 biodiversity conservation. It is particularly important in conservation areas, which harbour 

77 diverse arthropod communities with many specialist species, such as Eurasian dry grassland 

78 remnants in Europe (Cizek et al., 2012; Torma et al., 2014; van Swaay, 2002). 

79 The Kiskunság region of Hungary represents a transition zone between temperate 

80 deciduous forests and continental steppes, forming mosaics of forested and open habitat patches 

81 (Erdős et al., 2015, 2018). Several habitat types in the region are listed among the priority 

82 habitats of Annex 1 of the EU Habitats Directive (e.g., 2340* Pannonic inland dunes, 6260* 

83 Pannonic sand steppes). These habitats still harbour a unique flora and fauna characterised by 

84 several endemic or endangered species. Unfortunately, the region is highly influenced by non-

85 native plant species (Botta-Dukát, 2008), owing to the largely missing, formerly widespread 

86 traditional grazing management, lowering water table and climate change. We have restricted 

87 information on the effects of these non-native plants on grassland arthropods, with perhaps the 

88 only exception being common milkweed (Asclepias syriaca). Common milkweed has been 
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89 intensively studied in Hungary and throughout Europe. However, study results suggest significant 

90 but mixed effects of common milkweed on arthropods (Follak et al., 2021). 

91 Sand dropseed (Sporobolus crytrandus), a C4 grass species of North American origin, was 

92 recently discovered in Hungary (Török & Aradi, 2017) and has become an invasive species 

93 within a few years, particularly in the Kiskunság (Hábenczyus et al., 2022; Török et al., 2021). In 

94 contrast to the other Sporobolus species (e.g., S. neglectus and S. vaginiflorus) introduced into 

95 Europe, the spreading of sand dropseed is not limited to road margins and ruderal sites but also 

96 affects natural, semi-natural dry grasslands (Bauer & Verloove, 2023; Kröel-Dulay et al., 2024). 

97 In sand steppes, sand dropseed invasion significantly reduces the species richness and abundance 

98 of subordinate plants, homogenises the vegetation composition and can even lead to the complete 

99 replacement of the originally dominant native grasses (Hábenczyus et al. 2022; Török et al. 

100 2021). Although sand dropseed is also spreading in Western Russian and Ukrainian steppe 

101 habitats (Alekseev et al., 1996; Demina et al., 2018; Gouz & Timoshenkova, 2017; Kuvaev & 

102 Stepanova, 2014; Maltsev & Sagalaev, 2018), we have no information about the effects of the 

103 invasion of sand dropseed on how the invasion of sand dropseed affect the diversity of arthropod 

104 communities. To fill this knowledge gap, we examined the effect of sand dropseed invasion on 

105 dry grassland arthropod communities in the Kiskunság region, Hungary. 

106 The extent of the threat posed by invasive plants may vary among different habitats since 

107 habitat characteristics affects both the establishment and dominance of non-native plants in the 

108 community (Chytrý et al., 2009; Guarino et al., 2021). In addition, the density of invaders 

109 increases as invasions progress. Thus, studying the role of invasive plant density is useful for 

110 understanding ecological processes at different stages of invasion and predicting its future 

111 impacts. For example, Foster et al. (2021) concluded that the conflicting results of studies on the 

112 effects of the invasive spotted knapweed (Centaurea stoebe) were probably due to the different 

113 densities of the invaders in the study areas. However, the role played by the alien species' density 

114 has seldom been explored. To evaluate the effects of sand dropseed invasion into native 

115 grasslands, we sampled arthropod communities on plots established along a gradient of the 

116 invasive grass density in three characteristic and high-nature-value habitat types: forest-steppe, 

117 open sand grassland, and meadow steppe.

118 Different taxonomical or functional arthropod groups often respond differently to plant 

119 invasion (Bezemer et al., 2014). Therefore, we applied a multi-taxon approach, sampling both 
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120 ground-dwelling and vegetation-dwelling arthropods. In general, changes in the compositional 

121 diversity of vegetation affect the diversity of vegetation-dwelling, primarily herbivorous 

122 arthropods, whereas structural diversity is more related to that of ground-dwelling, mostly 

123 predatory arthropods (Lengyel et al., 2016; Torma et al., 2023). We selected spiders (Araneae), 

124 ground beetles (Coleoptera: Carabidae), true bugs (Hemiptera: Heteroptera), and orthopterans 

125 (Orthoptera) as study taxa since they are species-rich and abundant groups in grassland 

126 ecosystems and play different roles in ecosystem functioning. The majority of orthopterans and 

127 true bugs are important primary consumers in grasslands and provide a rich prey resource for 

128 several predators (Neff et al., 2019). Herbivorous insects are likely to be significantly affected by 

129 plant invasion, as they are directly related to plant species composition and diversity (Tallamy et 

130 al., 2021). Spiders and ground beetles are common predatory arthropods in many terrestrial 

131 ecosystems, although some ground beetle species are granivorous or omnivorous. Usually, they 

132 do not rely directly on plant species composition, even though plant invasions may indirectly 

133 affect them  through changes in vegetation structure or prey availability (Gratton & Denno, 2005; 

134 Khum et al., 2023). Finally, we explored the effect of invasion on particular species of high 

135 conservationnatural value. These species are typically xerothermic species that prefer bare sandy 

136 soil surfaces, adapted to the often semidesert-like semi-arid conditions. They are associated 

137 strongly with the critically endangered Pannonian sandy habitats (Janssen et al., 2016) and are 

138 therefore of conservation importance in the European Union.

139 We addressed the following research questions:

140 i) Does the sand dropseed invasion influence the species richness, composition and abundance of 

141 arthropod communities?

142 ii) Does the effect of sand dropseed invasion vary between selected habitat types and arthropod 

143 groups?

144 iii) Does the response of arthropod communities to sand dropseed invasion relate to its density?

145 iv) Does the number and abundance of the species of high conservationnatural value differ 

146 between invaded and control sites?

147

148 Materials and methods

149 Study region and habitats
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150 We carried out the study in the Kiskunság sand ridge in the Danube-Tisza interfluve in Hungary, 

151 Central Europe (Fig. 1.Table S1). Kiskunság region has a continental climate with a mean annual 

152 temperature of 11°C and a mean annual precipitation of 550−600 mm (Dövényi et al., 2010). The 

153 soil is coarse-grained calcareous sand with low organic matter content. We selected our study 

154 sites in three different habitat types: forest-steppe (hereafter: FS), open sand grassland (hereafter: 

155 OG), and meadow steppe (hereafter: MS) (Fig. 1.Tale S1). In the studied FS sites, smaller and 

156 larger patches of poplar trees (Populus alba) and shrubs (Crataegus monogyna and Juniperus 

157 communis) form a mosaic with sand grassland patches. Habitat conditions, including vegetation, 

158 are quite similar between OG and the grassland patches of sandy FS (Erdős et al., 2015). This 

159 similarity is also reflected in the similarity of arthropod communities, although the relatively 

160 small grassland patches of FS and the surrounding shrubs and trees could influence the 

161 composition and diversity of arthropod communities (Gallé & Torma, 2009; Kaur et al., 2019). In 

162 open sand grasslands, which are characterised by significant bare sand surface, the dominant 

163 plants are the tussock-forming, short-growing fescue grasses (Festuca vaginata and F. wagneri). 

164 Subordinate plants are other grasses (e.g., Stipa borysthenica) and drought-tolerant dicots (e.g., 

165 Fumana procumbens, Euphorbia seguieriana, Alkanna tinctoria). Meadow steppes are also 

166 characterised by the dominance of the tussock-forming, short-growing fescue grasses (F. rupicola 

167 and F. wagneri), but forming more dense vegetation together with several subordinate plants 

168 (e.g., Chrysopogon gryllus, Poa angustifolia, Pseudolysimachion spicatum, Salvia pratensis, and 

169 Dianthus pontederae).

170

171 Arthropod sampling and study design

172 In each habitat type, we selected five invaded vegetation plots and five corresponding control 

173 plots in the nearby vegetation, where sand dropseed was not present, resulting in 3×5 plot-pairs 

174 for sampling (Tale S1). The plots were 15 × 15 m, a reasonable size even for a small invaded 

175 area. Due to the early invasion stage, the number of patches invaded by sand dropseed was 

176 limited, and their area was usually small, ca. 400-800 m2. Typically, only the patches with higher 

177 sand dropseed cover exceeded 1000 m2. Control plots situated 20 m from the edge of the invaded 

178 plots were characterised by the same habitat conditions, i.e. same vegetation type, succession 

179 status and site history. The mean distance between plot-pairs within habitat types was 413 ± 34 m 

180 (mean ± SEM). Furthermore, in accordance with previous studies on sand dropseed invasion in 
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181 these sites (c.f. Török et al., 2021), we classified the invaded plots into three density categories: 

182 low (1–20% mean cover), medium (21–50%) and high (above 50%). We assessed the sand 

183 dropseed cover in three 5 × 5 m quadrats in each invaded plot.

184 For sampling ground-dwelling true bugs, spiders, and ground beetles, we used pitfall traps 

185 (white 500 ml plastic cups, 8.5 cm in diameter) filled with a 50% ethylene glycol–water solution. 

186 The traps were equipped with transparent plastic funnels to avoid vertebrate bycatch and a plastic 

187 roof was placed over each trap to prevent the preservative from dilution (Császár et al., 2018). In 

188 each plot, we placed three pitfall traps in a row 10 m apart, resulting in a total of 90 traps. The 

189 traps were active for two weeks in one sampling period. We sampled vegetation-dwelling true 

190 bugs, spiders, and orthopterans, using a sweep-net with a diameter of 40 cm. In a sampling 

191 period, we performed 2 × 25 sweeps on sunny, windless days in each plot. We conducted the 

192 sampling procedures in the main vegetation period between the 19th of June and the 21st of July. 

193 During this period, pitfall trapping and sweep-netting were repeated two and three times, 

194 respectively. Arthropods were identified at the species level based on morphological characters 

195 (detailed information about literature used for identification is available in Supplementary 

196 material, Table S1S2). The nomenclature follows Cigliano et al. (2017), Müller-Motzfeld (2004), 

197 Wachmann et al. (2004–2012), and World Spider Catalog (2023).

198

199 Data analyses

200 To assess the overall effect of sand dropseed invasion on the different arthropod groups, we 

201 applied distance-based redundancy analyses (dbRDA, Bray-Curtis dissimilarity) using the vegan 

202 R package (Oksanen et al., 2020). The effect of invasion (invaded and control), habitat type (FS, 

203 OG, and MS) and their interaction on the species composition of arthropod groups was tested by 

204 anova function. In addition, Wwe applied the indicator species approach of Dufrêne and 

205 Legendre (1997) to identify species associated with invaded or control plots in the different 

206 habitat types. In this method, indicator values are calculated by combining specificity (i.e., the 

207 abundance of the species in a given site group) and fidelity (i.e., the probability of finding the 

208 species at sites belonging to that site group). We used the multipatt function in the indicspecies R 

209 package (De Cáceres and Legendre, 2009). The function searches for indicator species for both 

210 individual site groups and combinations of site groups (De Cáceres et al., 2010).
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211 For analyses, arthropod species data were pooled by sampling plots, resulting in 60 (3 

212 habitats × 5 plot-pairs × 2 repetitions) and 90 (3 habitats × 5 plot-pairs × 3 repetitions) statistical 

213 samples in case of pitfall trapping and sweep-netting, respectively. To reveal the responses of 

214 different arthropod groups to sand dropseed invasiondensity, we separately analysed the species 

215 richness and abundance (activity-density in the case of pitfall trapping) of each arthropod group 

216 per sampling method. For analyses, arthropod species data were pooled by sampling plots, 

217 resulting in 60 (3 habitats × 5 plot-pairs × 2 repetitions) and 90 (3 habitats × 5 plot-pairs × 3 

218 repetitions) statistical samples in case of pitfall trapping and sweep-netting, respectively. We 

219 analysed the effect of sand dropseed invasion on arthropod communities with generalised linear 

220 mixed-effects models (GLMMs, Poisson models) using the lme4 R package (Bates et al., 2015). 

221 In the case of data overdispersion, we used negative binomial models. We used species richness 

222 and abundance of arthropod groups as response variables, and sand dropseed coverage class (low, 

223 medium, high, and control), habitat type (FS, OG, and MF), and their interaction as fixed effects. 

224 Sampling sites (i.e., plot-pairs) and repetitions (i.e., sampling periods) were incorporated into 

225 models as separate random effects. We conducted post hoc comparisons with the help of the 

226 emmeans R package (Lenth, 2020). In separate models, we also compared species richness and 

227 abundance of high conservationnatural value arthropod species between invaded and control 

228 sites. In these models, habitat type was considered as a random factor (sampling pairs nested in 

229 habitat types). Based on the expert knowledge of the authors, we selected the species of high 

230 conservationnatural value (Table S2). We considered species of high conservationnatural value 

231 according to the following criteria: i) dry grassland specialists (steppe, forest-steppe or open sand 

232 grassland species), ii) rare in Central Europe and iii) also rare or only locally abundant in 

233 Hungary. We excluded dry grassland specialists that are widespread and common in Hungarian 

234 grasslands.

235 We applied the indicator species approach of Dufrêne and Legendre (1997) to identify 

236 species associated with invaded or control plots in the different habitat types. In this method, 

237 indicator values are calculated by combining specificity (i.e., the abundance of the species in a 

238 given site group) and fidelity (i.e., the probability of finding the species at sites belonging to that 

239 site group). We used the multipatt function in the indicspecies R package (De Cáceres and 

240 Legendre, 2009). The function searches for indicator species for both individual site groups and 

Page 41 of 75 Insect Conservation and Diversity



For Review Only

10

241 combinations of site groups (De Cáceres et al., 2010). All analyses were conducted in the R 

242 environment (R Development Core Team, 2023). 

243

244 Results

245 We collected 3639 adult specimens of 159 species (28 orthopteran, 84 true bug, and 47 spider 

246 species) by sweep-netting, and 2314 adult specimens of 124 species (29 ground beetle, 42 true 

247 bug, and 53 spider species) by pitfall trapping, including 9 grasshopper, 30 true bug, 29 spider 

248 and 9 ground beetle species of high conservationnatural value (Table S2). 

249

250 Vegetation-dwelling arthropods

251 We found a significant effect of invasion, habitat type, and their interaction on the species 

252 composition of orthopterans and true bugs (Table 1). Invaded plots were distinct from control 

253 plots, particularly in OG and FS sites, as shown in the ordination diagrams (Fig. 2). Additionally, 

254 invaded plots tended to cluster together, especially in the case of true bugs, suggesting the 

255 homogenization of communities due to the invasion. However, only habitat type had a significant 

256 effect on the species composition of spiders (Table 1). We identified indicator species for each 

257 habitat type, and a number of them were associated with both FS and OG sites (Table S4). 

258 Several vegetation-dwelling species, particularly among true bugs, were exclusively associated 

259 with the control or invaded plots (Table 2). The majority of species of high conservation value 

260 were associated with the control plots. Species associated with the invaded plots were mostly 

261 found in MS sites, whereas species associated with control plots were found in each habitat type. 

262 Habitat type affected the species richness and abundance of orthopterans, whilst sand 

263 dropseed invasion influenced only their abundance (Table 13; Table S3; Fig. 1 3 a,b). In addition, 

264 we found a significant interacting effect of habitat type and invasion on the abundance of 

265 orthopterans. Orthopteran abundance was significantly lower in plots with high sand dropseed 

266 cover compared to plots with low and medium cover and controls (Fig. 1b3b). However, the 

267 significant interaction suggested that this pattern could vary between the orthopteran 

268 communities in different habitat types. Orthopteran abundance was significantly lower in the 

269 plots with high sand dropseed cover in FS sites and in the plots with medium and high cover in 

270 OG sites, compared to the controls. In contrast, orthopteran abundance increased in the plots with 

271 low cover compared to the plots with high cover and controls in MS sites (Fig. 34). Only sand 
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272 dropseed invasion significantly influenced the species richness and abundance of true bugs 

273 (Table 13; Table S3). Both the species richness and abundance of true bugs were lower in plots 

274 with medium and high sand dropseed cover compared to control plots (Fig. 1c3c,d). There were 

275 no significant differences in any other cases. Habitat type significantly affected the species 

276 richness of spiders, whilst sand dropseed invasion affected their abundance (Table 13; Table S3). 

277 Their abundance was higher in plots with low sand dropseed cover than the control plots, but no 

278 significant differences existed in any other cases (Fig. 1e3e,f). 

279 For species of high conservation natural value, the species richness of grasshoppers did not 

280 differ between invaded and control sites (t = -1.747, p = 0.084), but their abundance was 

281 significantly lower in invaded sites (t = -3.874, p < 0.001) (Fig. 4a6a,b). Both the species richness 

282 (t = -5.584, p < 0.001) and abundance (t = -4.888, p < 0.001) of true bugs of conservation 

283 importance were significantly lower in invaded sites (Fig. 4 6a, b). We found no significant 

284 differences in the number (t = 1.417, p = 0.160) and abundance (t = 1.638, p = 0.105) of spider 

285 species (Fig. 4a6a,b). 

286 We identified indicator species for each habitat type, and a number of them were associated 

287 with both FS and OG sites (Table S4). Several vegetation-dwelling species, particularly among 

288 true bugs, were exclusively associated with the control or invaded plots (Table 2). Species 

289 associated with the invaded plots were mostly found in MS sites, whereas species associated with 

290 control plots were found in each habitat type.

291

292 Ground-dwelling arthropods

293 In contrast to plant-dwelling arthropods, only the habitat type influenced significantly the 

294 species compositon of ground-dwelling arthropod groups (Table 1). Accordingly, mMost 

295 indicator species were associated with a given habitat type regardless of sand dropseed invasion 

296 (Table S4). We found only a few ground-dwelling species that were exclusively associated with 

297 control or invaded plots (Table 2). 

298 Habitat type significantly affected the species richness of ground-dwelling true bugs, whilst sand 

299 dropseed invasion did not affect their species richness and abundance (Table 13; Table S3; Fig. 

300 25 a,b). Similarly, only habitat type, but not the invasion, affected spider species richness and 

301 abundance significantly (Table 13; Table S3; Fig. 25 c,d). Both habitat type and sand dropseed 

302 invasion showed significant effects on the species richness and abundance of ground beetles 

Page 43 of 75 Insect Conservation and Diversity



For Review Only

12

303 (Table 13; Table S3). Ground beetle species richness was significantly higher in plots with low 

304 sand dropseed cover compared to plots with medium and high cover and controls (Fig. 2e5e). 

305 Ground beetle abundance was also higher in plots with low cover compared to plots with medium 

306 and high cover. Still, compared to controls, the difference was only near significant (p = 0.055) 

307 (Fig. 25 f). 

308 Concerning species of high conservationnatural value, their numbers were significantly 

309 lower in invaded sites in the case of true bugs (t = -2.539, p = 0.014) and ground beetles (t = -

310 2.411, p = 0.020), in contrast to their abundance (for true bugs: t = -1.644; p=0.107; for ground 

311 beetles: t = -1.072, p = 0.289) (Fig. 46 c,d). We found no significant differences in the number (t 

312 = 0.835, p = 0.408) and abundance (t = -0.739, p = 0.463) of spider species between invaded and 

313 control sites (Fig. 4c6c,d).

314 Most indicator species were associated with a given habitat type regardless of sand 

315 dropseed invasion (Table S4). We found only a few ground-dwelling species that were 

316 exclusively associated with control or invaded plots (Table 2). 

317

318 Discussion

319 We studied the impact of the recently introduced, invasive sand dropseed (Sporobolus 

320 cryptandrus) on arthropod communities in open sand grassland, forest steppe, and meadow 

321 steppe habitats. We found neutral or even positive effects of the emerging invasion on predatory 

322 spiders and partly omnivorous/phytophagous ground beetlescarnivorous spiders and ground 

323 beetles, whilst the invasion overall negatively affected the vegetation-dwelling, primarily 

324 herbivorous orthopterans and true bugs. However, the effects of invasion depended on the density 

325 of sand dropseed and varied between habitat types. Overall, sand dropseed negatively affected the 

326 arthropod species of high conservation  natural value. 

327

328 Responses of Orthoptera Orthopteran responses to invasion varied between habitat types

329 The species composition of orthopterans differed between invaded and control plots, particularly 

330 in OG and FS habitats. These changes in species composition were presumably driven by 

331 changes in orthopteran abundance. Sand dropseed invasion affected their abundance, but did not 

332 the affect species richness of orthopterans. The abundance of orthopteran communities responds 

333 quickly and sensitively to changes in vegetation, whether it is due to grassland management or 
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334 plant invasion (Torma et al., 2019; Yoshioka et al., 2010). Additionally, several studies have 

335 reported that while herbivore abundance decreases in response to invasive plants, species richness 

336 remains unaffected (Litt et al., 2014).Several studies reported that herbivore abundance, but not 

337 species richness, decreased in response to invasive plants (Litt et al., 2014). In addition, 

338 orthopteran communities often respond to disturbances by changing abundance rather than 

339 changing species richness (Torma et al., 2019). We also found that orthopteran abundance 

340 decreased in OG and FS sites, particularly in plots with high sand dropseed cover, in contrast to 

341 MS sites, where orthopteran abundance did not change or even increased in plots with low sand 

342 dropseed cover. Responses of food generalists to plant invasion are often varied, and in some 

343 cases, facilitation of native herbivores has also been reported (De Groot et al., 2007; Samways & 

344 Moore, 1991). On the one hand, non-native plants may serve as additional resources for 

345 generalist herbivores (García-Robledo & Horvitz, 2011; Graves & Shapiro, 2003). Jonas et al. 

346 (2002) found that an invasive grass, which proved to be a suitable food plant for grasshoppers, 

347 positively affected them. Although the majority of collected orthopterans were grasshoppers, 

348 sand dropseed, being a C4 grass, is presumably less preferable to grass-feeding herbivores due to 

349 the unfavourable C:N ratio and the high amount of sclerenchyma (Pinder & Kroh, 1987; 

350 Heckathorn et al., 1999). In addition, the Eurasian steppe zone is characterised by the prevailing 

351 dominance of C3 grasses (Hurka et al., 2019), and insect herbivores that live in Eurasian 

352 grasslands are presumably less adapted to C4 grasses than insect herbivores in, e.g., African 

353 savannahs (van Bergen et al., 2016). It seems that sand dropseed is not a suitable host plant for 

354 native insect herbivores, which confirms the fact that alien plants have rarely been proven to be 

355 suitable food plants for native herbivorous insects (Bezemer et al., 2014; Talamy et al., 2021). On 

356 the other hand, a non-native plant may increase the architectural complexity and/or species 

357 diversity of vegetation thus positively affecting generalist herbivores (Gallé et al., 2023). Török 

358 et al. (2021) have previously reported that low cover of sand dropseed increased the species 

359 richness of plant communities, which could be favourable for some generalist herbivores or even 

360 omnivorous species such as Roeseliana roeselii. 

361 However, even the high sand dropseed cover did not cause reduced orthopteran abundance 

362 in MS sites, in contrast to OG and FS sites. Increasing cover of non-native grass species can 

363 reduce the abundance of grasshoppers, which prefer open vegetation, as opposed to grasshoppers, 

364 which prefer closed vegetation (Litt & Steidl, 2010). Numerous grasshopper species collected in 
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365 FS and OG sites, such as Stenobothrus fischeri and Calliptamus barbarus, prefer bare soil 

366 surfaces and short, sparse vegetation (Cigliano et al. 2017; Iorgu & Iorgu, 2008). Presumably, 

367 these species reacted much more adversely to the increasing vegetation height and cover due to 

368 sand dropseed invasion than eurytopic species (e.g. Chorthippus brunneus and Euchorthippus 

369 declivus), or species with a preference for closed grasslands (e.g., Ch. dichrous), which were 

370 associated with MS sites. Arthropods need to adapt to the harsh environment in the semidesert-

371 like OG and FS habitats; thus, some life-history trait states are favoured (drought tolerant, 

372 thermophile, preference for bare soil surface, etc.). This environmental filtering of species may 

373 lead to low functional diversity but a high degree of habitat specialisation in arthropod 

374 communitiesa high degree of arthropod communities' habitat specialisation (Gallé et al., 2018). 

375 The different responses of orthopteran communities to invasion in the different habitat types were 

376 presumably due to the presence of more habitat specialists in OG and FS sites. There are greater 

377 impacts of invasive grasses on native grasshoppers when they are habitat specialists, as opposed 

378 to habitat generalists (Yoshioka et al., 2010). However, the invasion vulnerability of native 

379 herbivores has rarely been examined as a function of their habitat specificity.

380

381 Vegetation-dwelling, but not ground-dwelling true bugs were affected by invasion

382 We found that sand dropseed invasion had a severe impact on the species composition of 

383 vegetation-dwelling true bugs, and could homogenise their communities. Additionally, both their 

384 abundance and species richness decreased with increasing sand dropseed cover, regardless of the 

385 habitat type. Generally, food specialist herbivores are more vulnerable to plant invasion than 

386 generalists, as they have little or no flexibility in their choice of host plant species (De Groot et 

387 al., 2007; Harvey & Fortuna, 2012). Numerous true bugs are specialised to a restricted number of 

388 host plants, most of which are dicots (Wachman et al. 2004-2012). It was previously shown that 

389 with increasing sand dropseed cover, the cover of insect-pollinated dicots decreased in the study 

390 sites (Hábenczyus et al., 2022). The results of indicator species analysis underpin the sensitivity 

391 of food specialist herbivores to invasion since the majority of true bugs, which avoided invaded 

392 plots, were mono-, or oligophagous species having clear host plant preferences (e.g., 

393 Dicranocephalus albipes, Oncochila scapularis, Emblethis ciliatus feed on Euphorbia, and 

394 Polymerus unifasciatus feeds on Galium). However, several food generalist species also showed 

395 sensitivity to sand dropseed invasion (e.g., Chorosoma gracile, Eurygaster dilaticollis, and 
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396 Phimodera humeralis). These species have a strong affinity to these their habitats (Wachman et 

397 al. 2004-2012), suggesting again that habitat specialisation may have an important role in the 

398 response of herbivores true bugs to plant invasion besides trophic specialisation. In addition, 

399 some of them feed exclusively on grasses, suggesting that sand dropseed is not a suitable host 

400 plant for native herbivores. 

401 An unexpected finding was, however, the lack of any significant effect of sand dropseed on 

402 ground-dwelling true bug communities. In contrast, the invasive common milkweed could affect 

403 the species richness and abundance of ground-dwelling true bugs (Gallé et al., 2023). In terms of 

404 species-specific responses, except for the above-mentioned E. ciliatus, the majority of frequent 

405 ground-dwelling species (Pionosomus opacellus, Aellopus atratus, Ocethostethus opacus, and 

406 Acalypta gracilis) were not affected by sand dropseed. Although many ground-dwelling species 

407 have a strong affinity to dry sandy grasslands and often to their host plant species as well (Gallé 

408 et al., 2010; Polchaninova et al., 2016; Torma & Körmöczi, 2008), ground-dwelling hemipterans 

409 are presumably less dependent on vegetation composition than vegetation-dwelling ones (Orabi 

410 et al., 2011). Ground-dwelling species are usually more affected by soil surface conditions, such 

411 as the physical structuresurface's complexity and temperature, which influence their locomotion 

412 and activity (Torma & Gallé, 2011). The studied habitats are dominated by tussock-forming 

413 Fescue fescue grasses, and the presence of sand dropseed tussocks might not cause pronounced 

414 changes in the vegetation structure at the soil level. Presumably, sand dropseed also cannot alter 

415 the microclimate in this harsh environment, contrary to the well-known impacts of common 

416 milkweed (Follak et al., 2021). However, the physiognomy of common milkweed is very 

417 different from grasses, and for example, their broad leaves have a significant shading effect on 

418 the soil surface (Gallé et al., 2023). Lastly, mosses and lichens are also key components for true 

419 bugs in sandy areas; the cover of mosses and lichens can influence the herbivores feeding on 

420 them, e.g. the Acalypta species, and it may affect the diversity and population density of ground-

421 dwelling true bugs in general as they may serve as shelters for them (Spungis, 2005; Torma & 

422 Gallé, 2011). However, the sand dropseed seems to negatively affect dicots, while less so on 

423 grasses, mosses, and lichens However, the sand dropseed seems to have a negative effect on 

424 dicotyledons, while it has less of an effect on grasses, mosses and lichens (Hábenczyus et al., 

425 2022).

426
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427 Low sand dropseed cover supported vegetation-dwelling, but not ground-dwelling spiders

428 Overall, we found almost no effect of invasion on spiders, except for the increased abundance of 

429 vegetation-dwelling spiders in plots with low sand dropseed cover. We found an increased 

430 abundance of vegetation-dwelling spiders in plots with low sand dropseed cover. Sand dropseed 

431 is a tussock-forming high grass compared to dominant fescue species, and its low cover increases 

432 the structural complexity of vegetation (Kröel-Dulay et al., 2024). Increased vegetation 

433 complexity could be advantageous for spiders, providing more attachment points for web 

434 building, thus improving their hunting success (Pearson, 2009). In addition, low sand dropseed 

435 cover was shown to support the plant species richness (Török et al., 2021) and higher plant 

436 species richness often leads to higher structural complexity of vegetation, providing higher web 

437 site diversity for spiders (Finch et al., 2008; Rypstra et al., 1999). However, as the sand dropseed 

438 cover increased, the plant species diversity decreased, and the vegetation structure became more 

439 homogeneous (Török et al., 2021). The North American cobweb spider Euryopis saukea, a small 

440 myrmecophagous spider, with a preference for xerothermic open habitats, was associated with 

441 invaded plots in FS and OG sites. In addition, the well-known, large orb web spider Argiope 

442 bruennichi preferred invaded plots in MS sites, supporting the idea that the vegetation structure 

443 altered by low sand dropseed cover is particularly advantageous for web-building spiders. 

444 Besides vegetation structure, microclimate and soil moisture are also crucial for ground-

445 dwelling spiders (Carvalho et al., 2011; Entling et al., 2007). For example, many spiders are very 

446 sensitive to desiccation. Unlike some insects, spiders cannot extract moisture from atmospheric 

447 water vapour (Pultz, 1987). Therefore, soil moisture or litter humidity is particularly important 

448 for them (Wagner et al., 2003). If a non-native plant can alter these conditions, ground-dwelling 

449 spider communities respond sensitively to plant invasion (Schirmel & Buchholz, 2013). For 

450 example, the common milkweed invasion affected the species richness of ground-dwelling 

451 spiders via reduced soil moisture and temperature (Gallé et al., 2023). However, similarly to 

452 ground-dwelling true bugs, the lack of changes in community-level patterns of ground-dwelling 

453 spiders suggests that the presence of sand dropseed did not cause pronounced changes in the 

454 habitat conditions at the soil level. Even though, there were some species, e.g., Hogna radiata, a 

455 large wolf spider, that avoided invaded plots. 

456

457 Low sand dropseed cover supported ground beetles 
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458 Similar to spiders, the responses of ground beetles to plant invasion often varied according to the 

459 impact of the invasive plants on vegetation structure, soil moisture, microclimate, and the 

460 availability of prey (Schirmel et al., 2011; Pehle & Schirmel, 2015). Medium and high sand 

461 dropseed cover did not influence ground beetle species richness and abundance, coinciding with 

462 the findings in the other ground-dwelling arthropod groups. However, low sand dropseed cover 

463 even increased their species richness and abundance, presumably via the increased plant species 

464 richness. Carabidae is a diverse taxon in the sense of trophic behaviour of species, and 

465 herbivorous (seed predator) ground beetles can be supported by higher plant species richness (Liu 

466 et al., 2015; Lundgren et al., 2011). In addition, some species (Harpalus spp., Amara spp.) are 

467 proven to be able to adapt to consuming seeds of alien plants (Brust & House, 1988), which may 

468 result in increasing abundance and homogenisation of ground beetle communities (Hansen et al., 

469 2009; Topp et al., 2008). The studied ground beetle communities were dominated by the genus 

470 Harpalus, which mainly consists of seed predator species and some of them (H. servus, H. 

471 picipennis) preferred invaded plots, but only in certain habitats. Sand dropseed is a prolific seed 

472 producer (Brown, 1943), that may be advantageous for seed predators, except for large species. 

473 Its seeds are very small and large ground beetles prefer heavier seeds (Fischer et al., 2021; Honek 

474 et al., 2007). In addition, seed energy content also influences seed predation rates (Gaba et al., 

475 2019). However, we have no information on whether native carabid beetles consume sand 

476 dropseed seeds.

477

478 Sand dropseed negatively affected the arthropod species of high conservationnatural value

479 Except for spiders, sand dropseed reduced the species richness and/or abundance of arthropods of 

480 high conservationnatural value. In the case of vegetation-dwelling true bugs and orthopterans, it 

481 coincided with the response of the total assemblages. However, the number of ground-dwelling 

482 true bug and ground beetle species of high conservation natural value was also lower in sites 

483 invaded by sand dropseed, in contrast to the species number of their total assemblages. Many 

484 species of high conservationnatural value also showed species-specific responses, such as S. 

485 fischeri, C. barbarus, Ph. humeralis, D. albipes, Ch. gracile, E. ciliatus (cfr. Table 2). Many of 

486 these specialist species of high conservationnatural value are endangered or even extinct in other 

487 Central European countries according to the national red lists (cfr. Holuša et al., 2017; Kment et 

488 al., 2017; Rabitsch, 2012; Štepanovičová & Bianchi, 2001; Řezáč et al., 2015, Veselý et al. 
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489 2017). Thus their conservation in Hungary, where sand habitats still harbour their stable 

490 populations, should be a high priority.

491

492 Conclusion

493 Based on the results, we can assert that the spreading of sand dropseed seriously threatens dry 

494 grassland arthropod communities, particularly the species of high conservationnatural value. 

495 Even though, we agree with the conclusion of numerous studies stating that the effect of invasive 

496 plants on different taxonomic and/or functional groups of arthropods often varies and can be 

497 conflicting even Although we agree with the conclusion of numerous studies that the impact of 

498 invasive plants on different taxonomic and/or functional groups of arthropods can often vary and 

499 even be contradictory (Litt et al., 2014). We suggest that arthropods' habitat specialisation and 

500 substrate preference, habitat specialisation and substrate preference of arthropods, even in the 

501 case of herbivores, play essential roles in their reaction to plant invasion in addition to their 

502 trophic level and food specialisation. However, we have to note, that all the slight positive effects 

503 found in the present study and reported by previous studies on plant communities (Hábenczyus et 

504 al., 2022; Török et al., 2021), were due to the low cover of sand dropseed in certain sites. 

505 Presumably, low sand dropseed cover may increase the local species richness, but its high density 

506 causes reduced diversity and homogenisation of communities. Based on its extremely fast 

507 spreading rate, it will probably gain higher coverage in extended areas in the future, suggesting 

508 serious consequences for the native flora and fauna. How to control sand dropseed invasion is the 

509 focus of some ongoing research in Hungary; for example, its possible suppression by a 

510 hemiparasitic plant, Odontites lutea. Some studies highlighted the potential role of native 

511 parasitic plants in suppressing invasive or dominant species, thus aiding in the restoration of 

512 affected habitats (Mládek et al., 2017; Těšitel et al., 2020). However, it is poorly known how 

513 such a restoration method affects arthropods (e.g., Tesitel et al., 2025Vašíček et al., 2023).

514

515 Acknowledgements

516 N.G-Sz., P.B. and A.T. were supported by the Hungarian National Research, Development and 

517 Innovation Office (NKFIH KKP 133839). P.B. was supported by the Hungarian National 

518 Research, Development, and Innovation Office within the framework of the National Laboratory 

519 for Health Security programme (RRF-2.3.1-21-2022-00006).

Page 50 of 75Insect Conservation and Diversity



For Review Only

19

520

521 References

522 Alekseev, Y.E., Pavlov, V.N. & Sagalaev, V.A. (1996) Sporobolus cryptandrus (Torr.) Gray 

523 (Gramineae): new adventitious species in the flora of Russia and former USSR. Byulleten' 

524 Moskovskogo Obshchestva Ispytatelei Prirody. Otdel Biologicheskii, 101, 989–102.

525 Bartomeus, I., Vila, M. & Santamaria, L. (2008) Contrasting efects of invasive plants in plant–

526 pollinator networks. Oecologia, 155, 761–770.

527 Bates, D., Maechler, M., Bolker, B. & Walker, S. (2015) Fitting linear mixed-effects models 

528 using lme4. Journal of Statistical Software, 67, 1–48.

529 Bauer, N. & Verloove, F. (2023) The accelerated spread of a neophyte introduced to Europe long 

530 ago – First occurrence of Sporobolus indicus (Poaceae) in Hungary. Acta Botanica Croatica, 82, 

531 20–26.

532 Bezemer, T.M., Harvey, J.A., & Cronin, J.T. (2014) Response of native insect communities to 

533 invasive plants. Annual Review of Entomology, 59, 119–141.

534 Botta-Dukát, Z. (2008) Invasion of alien species to Hungarian (semi-) natural habitats. Acta 

535 Botanica Hungarica, 50, 219–227.

536 Brust, G.E. & House, G. J. (1988) Weed seed destruction by arthropods and rodents in low-input 

537 soybean agroecosystems. American Journal of Alternative Agriculture, 3, 19–25. 

538 Carvalho, J.C., Cardoso, P., Crespo, L.C., Henriques, S., Carvalho, R. & Gomes, P (2011) 

539 Determinants of beta diversity of spiders in coastal dunes along a gradient of mediterraneity. 

540 Diversity and Distribution, 17, 225–234.

541 Chytrý, M., Pyšek, P., Wild, J., Pino, J., Maskell, L.C. & Vilà, M. (2009) European map of alien 

542 plant invasions based on the quantitative assessment across habitats. Diversity and Distribution, 

543 15, 989–107.

544 Cizek, L., Hauck, D. & Pokluda, P. (2012) Contrasting needs of grassland dwellers: habitat 

545 preferences of endangered steppe beetles (Coleoptera). Journal of Insect Conservation, 16, 281–

546 293.

Page 51 of 75 Insect Conservation and Diversity



For Review Only

20

547 Cigliano, M.M., Braun, H., Eades, D.C. & Otte, D. (2017) Orthoptera Species File. Version 

548 5.0/5.0. Available at http://orthoptera.archive.speciesfile.org/

549 Császár, P., Torma, A., Gallé-Szpisjak, N., Tölgyesi, C. & Gallé, R. (2018) Efficiency of pitfall 

550 traps with funnels and/or roofs in capturing ground-dwelling arthropods. European Journal of 

551 Entomology, 115, 15–24.

552 De Cáceres, M. & Legendre P. (2009) Associations between species and groups of sites: indices 

553 and statistical inference. Ecology, 90, 3566–3574.

554 De Cáceres, M., Legendre, P. & Moretti, M. (2010) Improving indicator species analysis by 

555 combining groups of sites. Oikos, 119, 1674–1684.

556 De Groot, M., Kleijn, D., & Jogan, N. (2007) Species groups occupying different trophic levels 

557 respond differently to the invasion of semi-natural vegetation by Solidago canadensis. Biological 

558 Conservation, 136, 612–617.

559 Demina, O.N., Rogal’, L.L. & Mayorov, S.R. (2018) Resettlement of Sporobolus cryptandrus 

560 (Torr.) A. Gray (Gramineae) and its phytocenotic environment. Phytodiversity of Eastern Europe, 

561 12, 113–117. [in Russian]

562 Dövényi, T. (Ed.) (2010) Magyarország kistájainak katasztere (Cadastre of Hungarian Small 

563 Regions). MTA, Földrajztudományi Kutatóintézet.

564 Dufrêne, M. & Legendre, P. (1997) Species assemblages and indicator species: the need for a 

565 flexible asymmetrical approach. Ecological Monographs, 67, 345–366. 

566 Ehrenfeld, J.G. (2003) Efects of exotic plant invasions on soil nutrient cycling processes. 

567 Ecosystems, 6, 503–523.

568 Emery S.M. & Doran P.J. (2013) Presence and management of the invasive plant Gypsophila 

569 paniculata (baby’s breath) on sand dunes alters arthropod abundance and community structure. 

570 Biological Conservation, 161, 174–181.

Page 52 of 75Insect Conservation and Diversity



For Review Only

21

571 Entling, W., Schmidt, M.H., Bacher, S., Brandl, R. & Nentwig, W. (2007) Niche properties of 

572 central European spiders: shading, moisture and the evolution of the habitat niche. Global 

573 Ecology and Biogeography, 16, 440–448, 

574 Erdős, L., Kröel-Dulay, G., Bátori, Z., Kovács, B., Németh, C., Kiss, P.J. & Tölgyesi, C. (2018). 

575 Habitat heterogeneity as a key to high conservation value in forest-grassland mosaics. Biological 

576 Conservation, 226, 72–80.

577 Erdős, L., Tölgyesi, C., Cseh, V., Tolnay, D., Cserhalmi, D., Körmöczi, L., Gellény, K. & Bátori, 

578 Z. (2015) Vegetation history, recent dynamics and future prospects of a Hungarian sandy forest-

579 steppe reserve: forest-grassland relations, tree species composition and size-class distribution. 

580 Community Ecology, 95–105.

581 Finch, O.D., Blick, T. & Schuldt, A. (2008) Macroecological patterns of spider species richness 

582 across Europe. Biodiversity and Conservation, 17, 2849–2868.

583 Fischer, C., Riesch, F., Tscharntke, T. & Batáry, P. (2021) Large carabids enhance weed seed 

584 removal in organic fields and in large-scale, but not small-scale agriculture. Landscape Ecology, 

585 36, 427–438 

586 Follak, S., Bakacsy, L., Essl, F., Hochfellner, L., Lapin, K., Schwarz, M., Tokarska-Guzik, B. & 

587 Wołkowycki, D. (2021) Monograph of invasive plants in Europe N°6: Asclepias syriaca L. 

588 Botany Letters, 168, 422–451.

589 Gaba, S., Deroulers, P., Bretagnolle, F. & Bretagnolle, V. (2019) Lipid content drives weed seed 

590 consumption by ground beetles (Coleopterea, Carabidae) within the smallest seeds. Weed 

591 Research, 59, 170–179.

592 Gallé, R. & Torma, A. (2009) Epigeic spider (Araneae) assemblages of natural forest edges in the 

593 Kiskunság (Hungary). Community Ecology, 10, 146–151.

594 Gallé, R., Szabó, Á., Császár, P. & Torma, A. (2018) Spider assemblage structure and functional 

595 diversity patterns of natural forest steppes and exotic forest plantations. Forest Ecology and 

596 Management, 411, 234–239.

Page 53 of 75 Insect Conservation and Diversity



For Review Only

22

597 Gallé, R., Tölgyesi, C., Szabó, Á.R., Korányi, D., Bátori, Z., Hábenczyus, A., Török, E., Révész, 

598 K., Torma, A., Gallé-Szpisjak, N., Lakatos, T. & Batáry, P. (2023) Plant invasion and 

599 fragmentation indirectly and contrastingly affect native plants and grassland arthropods. Science 

600 of the Total Environment, 903, 166199. 

601 Gallé, R., Torma, A. & Körmöczi, L. (2010) Small-scale effect of habitat heterogeneity on 

602 invertebrate assemblages in sandy grasslands (Hungarian Great Plain). Polish Journal of Ecology, 

603 58, 333–346.

604 García-Robledo, C., & Horvitz, C. C. (2011) Experimental demography and the vital rates of 

605 generalist and specialist insect herbivores on native and novel host plants. Journal of Animal 

606 Ecology, 80, 976–989.

607 Gouz, G.V. & Timoshenkova, V.V. (2017) The first record of Sporobolus cryptandrus (Poaceae) 

608 for Ukraine and new records for southeastern Ukraine from Triokhizbensky Steppe. Ukrainian 

609 Botanical Journal, 74, 64–70. [in Ukranian].

610 Gratton, C. & Denno, R.F. (2005) Restoration of arthropod assemblages in a Spartina salt marsh 

611 following removal of the invasive plant Phragmites australis. Restoration Ecology, 13, 358–372.

612 Graves, S.D. & Shapiro, A.M. (2003) Exotics as host plants of the California butterfly fauna. 

613 Biological Conservation, 110, 413–433.

614 Guarino, R., Chytrý, M., Attorre, F., Landucci, F. & Marcenó, C. (2021) Alien plant invasions in 

615 Mediterranean habitats: an assessment for Sicily. Biological Invasions, 23, 3091–3107.

616 Hábenczyus, A.A., Tölgyesi, C., Pál, R., Kelemen, A., Aradi, E., Bátori, Z., Sonkoly, J., Tóth, E., 

617 Balogh, N. & Török, P. (2022) Increasing abundance of an invasive C4 grass is associated with 

618 larger community changes away than at home. Applied Vegetation Science, 25, e12659. 

619 Harvey, J.A. & Fortuna, T.M. (2012) Chemical and structural effects of invasive plants on 

620 herbivore– parasitoid/predator interactions in native communities. Entomologia Experimentalis et 

621 Applicata, 144, 14–26.

622 Heckathorn, S.A., McNaughton, S.J. & Coleman J.S. (1999) C4 plants and herbivory- in (R.F. 

623 Sage R.K. Monson eds) C4 plant biology, 1999 pp 285–312.

Page 54 of 75Insect Conservation and Diversity



For Review Only

23

624 Holuša, J., Kočárek, P., Marhoul, P. & Vlk, R. (2017) Orthoptera (rovnokřídlí). Red list of 

625 threatened species in the Czech Republic. Invertebrates (Ed. by Hejda, R., Farkač, J. & Chobot, 

626 K.). Příroda Praha. 36, 127–129.

627 Honek, A., Martinkova, Z., Saska, P. & Pekar, S. (2007) Size and taxonomic constraints 

628 determine the seed preferences of Carabidae (Coleoptera). Basic and Applied Ecology, 8, 343–

629 353. 

630 Hurka, H., Friesen, N., Bernhardt, K-G., Neuffer, B., Smirnov, S.V., Shmakov, A.I. & Blattner, 

631 F.R. (2019) The Eurasian steppe belt: Status quo, origin and evolutionary history. Turczaninowia, 

632 22, pp. 5–71.

633 Iorgu, I.S. & Iorgu, E.I. (2008) Bush-crickets, Crickets and Grasshoppers from Moldavia 

634 (Romania). PIM, Iasi.

635 Janssen, J. A., Rodwell, J. S. et al. (2016). European red list of habitats part 2. Terrestrial and 

636 freshwater habitats (pp. 1-44). European Union.

637 Jonas, J.L., Whiles, M.R. & Charlton, R.E. (2002) Aboveground invertebrate responses to land 

638 management differences in a central Kansas grassland. Environmental Entomology, 31, 1142–

639 1152. 

640 Kaur, H., Torma, A., Gallé-Szpisjak, N., Šeat, J., Lőrinczi, G., Módra, G.& Gallé, R. (2019) 

641 Road verges are important secondary habitats for grassland arthropods. Journal of Insect 

642 Conservation, 23, 899–907.

643 Khum, W., Košulič, O., Birkhofer, K. & Michalko, R. (2023) The invasive pathogenic fungus 

644 Hymenoscyphus fraxineus alters predator–herbivore–ash food webs. Biological Invasions, 25, 

645 125–131.

646 Kment, P., Hradil K, Straka, M. & Sychra, J. (2017) Heteroptera (ploštice). Red list of threatened 

647 species in the Czech Republic. Invertebrates (Ed. by Hejda, R., Farkač, J. & Chobot, K.). Příroda 

648 Praha, 36, 137–147.

Page 55 of 75 Insect Conservation and Diversity



For Review Only

24

649 Kovács-Hostyánszki, A., Szigeti, V.,  Miholcsa, Z., Sándor, D., Soltész, Z., Török, E. & Fenesi, 

650 A. (2022) Threats and benefits of invasive alien plant species on pollinators. Basic and Applied 

651 Ecology, 64, 89–102.

652 Kröel-Dulay, G., Rigó, A., Tanács, E., Szitár, K., Ónodi, G., Aradi, E., Bakró-Nagy, Z., Biró, M., 

653 Botta-Dukát, Z., Kalapos, T., Kelemen, A., Laborczi, A., Pásztor, L., Rabuogi, Q. A. & Mojzes, 

654 A. (2024) Explosive spread of sand dropseed (Sporobolus cryptandrus), a C4 perennial 

655 bunchgrass, threatens unique grasslands in Hungary (Central Europe). NeoBiota, 95, 59–75.

656 Kuvaev, A.V. & Stepanova, N.Y. (2014) Floristic records from Kalmyk republic. Byulleten' 

657 Moskovskogo Obshchestva Ispytatelei Prirody. Otdel Biologicheskii, 119, 71–72.

658 Lengyel, S., Déri, E. & Magura, T. (2016) Species richness responses to structural or 

659 compositional habitat diversity between and within grassland patches: a multi-taxon approach. 

660 PLoS ONE, 11, e0149662. 

661 Lenth, R. (2020) emmeans: Estimated Marginal Means, aka Least-Squares Means. R package 

662 version 1.5.0. https://CRAN.R-project.org/package=emmean

663 Litt, A.R., Cord, E.E., Fulbright, T.E. & Schuster, G.L. (2014) Effects of invasive plants on 

664 arthropods. Conservation Biology, 28, 1532–1549.

665 Litt, A. R. & Steidl, R. J. (2010). Insect assemblages change along a gradient of invasion by a 

666 non-native grass. Biological Invasions, 12, 3449–3463.

667 Liu, Y., Duan, M., Zhang, X., Zhang, X., Yu, Z. & Axmacher, J.C. (2015) Effects of plant 

668 diversity, habitat and agricultural landscape structure on the functional diversity of carabid 

669 assemblages in the North China Plain. Insect Conservation and Diversity, 8, 163–176.

670 Lundgren, J. & McCravy, K. (2011) Carabid beetles (Coleoptera: Carabidae) of the Midwestern 

671 United States: A review and synthesis of recent research. Terrestrial Arthropod Reviews, 4, 63–

672 94.

673 Maltsev, M.V. & Sagalaev, V.A. (2018) Community Sporobolus cryptandrus (Torr.) A. Gray in 

674 the Northern Part of Volga-Akhtuba Floodplain. Nat. Syst. Resour. 8, 5–14. [In Russian]

Page 56 of 75Insect Conservation and Diversity



For Review Only

25

675 Millennium Ecosystem Assessment (2005) Ecosystems and Human Well-being: Biodiversity 

676 Synthesis. World Resources Institute, Washington, DC.

677 Mládek, J., Horník, J., Těšitelová, T., Adamec, V. & Tichý, L. (2017) Suppressing competitive 

678 dominants and community restoration with native parasitic plants using the hemiparasitic 

679 Rhinanthus alectorolophus and the dominant grass Calamagrostis epigejos. Journal of Applied 

680 Ecology, 54, 1487–1495.

681 Müller-Motzfeld, G. (2004) Käfer Mitteleuropas, Bd. 2: Adephaga I: Carabidae. Spektrum 

682 Akademischer Verlag, 2004.

683 Neff, F., Blüthgen, N., Chisté, M.N., Simons, N.K., Juliane, S., Weisser, W.W., Westphal, C., 

684 Pellissier, L. & Gossner, M.M. (2019) Cross-scale effects of land use on the functional 

685 composition of herbivorous insect communities. Landscape Ecology, 34, 2001–2015. 

686 Nentwig, W., Blick, T., Bosmans, R., Gloor, D., Hänggi, A. & Kropf, C. (2022) Spiders of 

687 Europe. Version 10.2022. Available at https://www.araneae.nmbe.ch

688 Oksanen, J., Blanchet, F.G., Friendly, M., Kindt, R., Legendre, P., McGlinn, D., Minchin, P.R., 

689 O'Hara, R.B., Simpson, G.L., Solymos, P., Stevens, H.M.H., Szoecs, E., Wagner, H. 2020. 

690 vegan: Community Ecology Package. R package version 2.5-7. https://CRAN.R-

691 project.org/package=vegan.

692 Orabi, G., Moir, M.L. & Majer, J.D. (2010) Assessing the success of mine restoration using 

693 Hemiptera as indicators. Australian Journal of Zoology, 58, 243–249.

694 Pearson, D.E. (2009) Invasive plant architecture alters trophic interactions by changing predator 

695 abundance and behavior. Oecologia, 159, 549–558.

696 Pehle, A. & Schirmel, J. (2015) Moss invasion in a dune ecosystem influences ground-dwelling 

697 arthropod community structure and reduces soil biological activity. Biological Invasions, 17, 

698 3467–3477.

699 Pinder III, J.E. & Kroh, G.C. (1987) Insect herbivory and photosynthetic pathways in old‐field 

700 ecosystems. Ecology, 68, 1987, 254–259.

Page 57 of 75 Insect Conservation and Diversity

https://CRAN.R-project.org/package=vegan
https://CRAN.R-project.org/package=vegan


For Review Only

26

701 Polchaninova, N., Savchenko, G., Drogvalenko, A., Ronkin, V. & Shabanov, D. (2016) The 

702 impact of cattle grazing on cursorial spiders (Aranei) and true bugs (Heteroptera) in steppe 

703 gullies of northeastern Ukraine. Agriculture, Ecosystems & Environment, 234, 65–71.

704 Pyšek, P., Hulme, P.E., Simberloff, D., Bacher, S., Blackburn, T. M., Carlton, J. T., Dawson, W., 

705 Essl, F., Foxcroft, L.C., Genovesi, P., Jeschke, J.M., Kühn I., Liebhold, A.M., Mandrak, N.E., 

706 Meyerson, L.A., Pauchard, A., Pergl, J., Roy, H.E., Seebens, H., van Kleunen, M., Vilà, M., 

707 Wingfield, M.J. & Richardson, D.M. (2020) Scientists' warning on invasive alien species. 

708 Biological Reviews, 95, 1511–1534.

709 Rabitsch, W. (2012) Checklist and Red List of True Bugs of Burgenland (Insecta, Heteroptera). 

710 Wissenschaftliche Mitteilungen aus dem Niederösterreichischen Landesmuseum, 23, 161–306.

711 R Development Core Team, (2023) R: A language and Environment for Statistical Computing, R 

712 Foundation for Statistical Computing, Vienna, Austria. R version 4.3.1

713 Řezáč, M., Kůrka, A., Růžička, V.& Heneberg, P.(2015) Red List of Czech spiders: 3rd edition, 

714 adjusted accordingto evidence-based national conservation priorities. Biologia, 70, 645–666.

715 Rypstra, A.L., Carter, P.E., Balfour, R.A. & Marshall, S.D. (1999) Architectural features of 

716 agricultural habitats and their impact on the spider inhabitants. Journal of Arachnology, 27, 371–

717 377.

718 Samways, M.J. & Moore, S.D. (1991) Influence of exotic conifer patches on grasshopper 

719 (Orthoptera) assemblages in a grassland matrix at a recreational resort, Natal, South Africa. 

720 Biological Conservation, 57:117–137.

721 Schirmel, J. & Buchholz, S. (2013) Invasive moss alters patterns in life-history traits and 

722 functional diversity of spiders and carabids. Biological Invasions, 15, 1089–1100.

723 Schirmel, J., Timler, L. & Buchholz, S. (2011) Impact of the invasive moss Campylopus 

724 introflexus on carabid beetles (Coleoptera: Carabidae) and spiders (Araneae) in acidic coastal 

725 dunes at the southern Baltic Sea. Biological Invasions, 13, 605–620.

726 Spungis, V. (2005) Fauna and ecology of bugs (Hemiptera, Heteroptera) in the coastal grey dunes 

727 in Latvia. Latvijas Entomologs, 42, 95–105.

Page 58 of 75Insect Conservation and Diversity



For Review Only

27

728 Štepanovičová, O. & Bianchi, Z. (2001) Red (Ecosozological) List of Heteroptera of Slovakia. 

729 Red List of plants and animals of Slovakia Nature Conservation (Ed. by Balaž, D., Marhold, K. 

730 & Urban, P.). Ochrana Prírody. 20(Suppl.), 105–106. [in Slovak with English abstrakt].

731 Tallamy, D.W., Narango, D.L. & Mitchell, A.B. (2021) Do non‐native plants contribute to insect 

732 declines? Ecological Entomology, 46, 729–742.

733 Těšitel, J., Cirocco, R. M., Facelli, J. M. & Watling, J. R. (2020) Native parasitic plants: 

734 Biological control for plant invasions? Applied Vegetation Science, 23, 464–469.

735 Těšitel, J., Chytrý, K., Vašíček, M., Blažek, P., Galvánek, D., Fajmon, K., Holá, E., Horník, J., 

736 Jiráská, Š., Machač, O., Mládek, J., Mudrák, O., Řehounková, K., Těšitelová, T., ITurisová, I. & 

737 Malenovský, I. (2025) Hemiparasitic plants facilitate ecological restoration of encroached 

738 European grasslands. Journal of Environmental Management, 374, 124120.

739 Torma, A., Császár, P., Bozsó, M., Deák,B., Valkó, O., Kiss, O. & Gallé, R. (2019) Species and 

740 functional diversity of arthropod assemblages (Araneae, Carabidae, Heteroptera and Orthoptera) 

741 in grazed and mown salt grasslands. Agriculture, Ecosystems & Environment, 273, 70–79.

742 Torma, A. & Gallé, R. (2011) Fine scale pattern of true bug assemblages (Heteroptera) across 

743 two natural edges. Acta Zoologica Academiae Scientiarum Hungaricae, 57, 369–385.

744 Torma, A., Gallé, R. & Bozsó, M. (2014) Effects of habitat and landscape characteristics on the 

745 arthropod assemblages (Araneae, Orthoptera, Heteroptera) of sand grassland remnants in 

746 Southern Hungary. Agriculture, Ecosystems & Environment, 196, 42–50.

747 Torma, A. & Körmöczi, L. (2008) The influence of habitat heterogeneity on the fine-scale pattern 

748 of an Heteroptera assemblage in a sand grassland. Community Ecology, 10, 75–80.

749 Torma, A. Révész, K., Gallé-Szpisjak, N., Šeat, J., Szél, G., Kutasi, C., Malenovský, I., Batáry, P. 

750 & Gallé, R. (2023) Differences in arthropod communities between grazed areas and grazing 

751 exclosures depend on arthropod groups and vegetation types. Agriculture, Ecosystems & 

752 Environment, 341, 108222.

Page 59 of 75 Insect Conservation and Diversity



For Review Only

28

753 Török, P. & Aradi, E. (2017) A new potentially invasive grass, sand dropseed (Sporobolus 

754 cryptandrus) discovered in sandy areas of Hungary – A call for information on new localities. 

755 Bulletin of the Eurasian Dry Grassland Group, 35, 24–25.

756 Török, P., Schmidt, D., Bátori, Z., Aradi, E., Kelemen, A., Hábenczyus, A.A., Díaz Cando, P., 

757 Tölgyesi, C., Pál, R.W., Balogh, N., Tóth, E., Matus, G., Táborská, J., Sramkó, G., Laczkó, L., 

758 Jordán, S., McIntosh-Buday, A., Kovacsics-Vári, G. & Sonkoly, J. (2021) Invasion of the North 

759 American sand dropseed (Sporobolus cryptandrus)–A new pest in Eurasian sand areas? Global 

760 Ecology and Conservation, 32, e01942. 

761 van Bergen, E., Barlow, H.S., Brattström, O., Griffiths, H., Kodandaramaiah, U., Osborne, C.P., 

762 & Brakefield, P.M. (2016). The stable isotope ecology of mycalesine butterflies: implications for 

763 plant–insect coevolution. Functional Ecology, 30, 1936–1946. 

764 van Swaay, C.A.M. (2002) The importance of calcareous grasslands for butterflies in Europe. 

765 Biological Conservation, 104, 3159–318.

766 Vašíček, M., Malenovský, I., Machač, O., Chytrý, K. & Těšitel, J. (2023) Response of Hemiptera 

767 (Auchenorrhyncha and Heteroptera) to experimental restoration of grasslands invaded by the 

768 expansive grass Calamagrostis epigejos. 9th European Hemiptera Congress, Book of absracts 

769 (ed. by Kment, P. & Malenovský, I.), p.42. Kurdějov, Czechia. 

770 Veselý, P., Moravec, P. & Stanovský, J. (2017) Carabidae (střevlíkovití). Red list of threatened 

771 species in the Czech Republic. Invertebrates (Ed. by Hejda, R., Farkač, J. & Chobot, K.). Příroda 

772 Praha. 36, 295–301.

773 Vitousek, P.M., D’Antonio, C.M., Loope, L.L. & Westbrooks, R. (1996) Biological invasions as 

774 global environmental change. American Scientist, 84, 218–228.

775 Wachmann, E., Melber, A. & Deckert, J. (2004-2012) Wanzen. Band 1–5. Goecke & Evers, 

776 Keltern, Germany.

777 Wagner, J.D., Toft, S. & Wise, D.H. (2003) Spatial stratification in litter depth by forest-floor 

778 spiders. Journal of Arachnology, 31, 28–39.

Page 60 of 75Insect Conservation and Diversity



For Review Only

29

779 World Spider Catalog (2022) World Spider Catalog. Version 22.0 Natural History Museum Bern. 

780 https://wsc.nmbe.ch.

781 Yang, L.H. & Gratton, C. (2014) Insects as drivers of ecosystem processes. Current Opinion in 

782 Insect Science, 2, 26–32.

783 Yoshioka, A., Kadoya, T., Suda, S.I. & Washitani, I. (2010) Impacts of weeping lovegrass 

784 (Eragrostis curvula) invasion on native grasshoppers: responses of habitat generalist and 

785 specialist species. Biological Invasions, 12, 531–539.

786

787 Author contributions

788 Márton Szabó: Formal analysis; investigation; methodology; writing—original draft; writing—

789 review and editing. Botond Magyar: Investigation; methodology; writing – review and editing. 

790 Anna Violetta Nagy: Investigation; methodology; writing – review and editing. Nikolett Gallé-

791 Szpisjak: Methodology; writing – review and editing. Péter Batáry: Formal analysis; writing – 

792 review and editing. Attila Torma: Conceptualisation; formal analysis; investigation; 

793 methodology; writing—original draft; writing—review and editing.

794

795 Conflict of interest

796 The authors declare no conflict of interest.

797

798 Data availability statement

799

800 The data that support the findings of this study are available at 

801 https://doi.org/10.5061/dryad.cc2fqz6gn (Szabo_ICDIV_2024 [Dataset]).

Page 61 of 75 Insect Conservation and Diversity



For Review Only

30

802 Table 1. Effects of sand dropseed invasion, habitat type and their interacting term on the species 
803 composition of different arthropod groups according to dbRDAs. Effects on vegetation-dwelling 
804 and ground-dwelling groups are listed above and below the dashed line, respectively. Significant 
805 results are marked in bold.

 Variance % F P
ORTHOPTERA
invasion 6.97 4.123 < 0.001
habitat 33.46 9.894 0.028
invasion × habitat 19.03 5.626 0.004
HETEROPTERA 
invasion 11.84 5.527 < 0.001
habitat 22.68 5.295 < 0.001
invasion × habitat 14.19 3.311 < 0.001
ARANEAE 
invasion 4.98 1.801 0.149
habitat 24.24 4.392 < 0.001
invasion × habitat 4.68 0.849 0.568
HETEROPTERA 
invasion 22.63 0.480 0.799
habitat 22.63 3.800 0.003
invasion × habitat 4.54 0.762 0.600
ARANEAE 

invasion 1.10 0.385 0.952
habitat 27.35 4.790 < 0.001
invasion × habitat 3.40 0.599 0.904
CARABIDAE
invasion 0.94 0.373 0.831
habitat 37.16 7.393 < 0.001
invasion × habitat 1.62 0.323 0.949

806
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807 Table 12. Effects of sand dropseed invasion, habitat type and their interacting term on different 

808 arthropod groups according to GLMMs. Effects on vegetation-dwelling and ground-dwelling 

809 groups are listed above and below the dashed line, respectively. Significant results are marked in 

810 bold.

 Species richness P Abundance nb

 χ2 df P χ2 df P
ORTHOPTERA
invasion 4.51 3 0.211 39.2 3 < 0.001
habitat 44.81 2 < 0.001 33.02 2 <0.001
invasion × habitat 8.18 6 0.225 36.41 6 <0.001
HETEROPTERA 
invasion 20.61 3 < 0.001 32.37 3 <0.001
habitat 2.54 2 0.281 4.44 2 0.108
invasion × habitat 5.25 6 0.511 10.03 6 0.123
ARANEAE 
invasion 1.87 3 0.598 8.163 3 0.043
habitat 8.15 2 0.017 3.534 2 0.171
invasion × habitat 2.97 6 0.812 11.49 6 0.074
HETEROPTERA 
invasion 3.41 3 0.332 2.83 3 0.418
habitat 9.19 2 0.01 5.45 2 0.065
invasion × habitat 7.6 6 0.268 0.98 6 0.986
ARANEAE 

invasion 1.85 3 0.604 4.36 3 0.225
habitat 34.12 2 < 0.001 57.44 2 <0.001
invasion × habitat 4.56 6 0.6 2.91 6 0.821
CARABIDAE
invasion 14.54 3 0.002 11.84 3 0.007
habitat 12.27 2 0.002 20.163 2 <0.001
invasion × habitat 9.03 6 0.172 3.146 6 0.79

811 P Poisson model, nb negative binomial model (except ground-dwelling spider abundance, in which 
812 case we did not detect overdispersion) 
813

814
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815 Table 23. The list of the species, which were associated with invaded (Inv) or control (Ctrl) plots 

816 in one or more habitat types according to the multi-level pattern analysis of indicator species 

817 extended Indicator Value method. Vegetation-dwelling species and ground-dwelling species are 

818 listed above and below the dashed line, respectively. Abbreviation of arthropod groups: Orth - 

819 orthopterans, Het - true bugs, Ara - spiders, and Car - ground beetles. Stars indicate the species of 

820 high conservation concernvalue. For detailed information on the results of the extended Indicator 

821 Value method see Table S3.

Species Group Forest 
steppe

Open sand 
grassland

Meadow 
steppe

 Inv Ctrl Inv Ctrl Inv Ctrl
Calliptamus italicus Orth ×
Roeseliana roeselii Orth ×
Berytinus geniculatus* Het ×
Berytinus minor Het ×
Argiope bruennichi Ara ×
Euryopis saukea Ara × ×
Stenobothrus nigromaculatus* Orth ×
Dolycoris baccarum Het ×
Lasiacantha gracilis Het ×
Polymerus unifasciatus Het ×
Cheiracanthium pennyi Ara ×
Oncochila scapularis* Het × ×
Stenobothrus fischeri* Orth ×
Aelia rostrata Het ×
Dicranocephalus albipes* Het ×
Trigonotylus caelestialium Het ×
Runcinia grammica Ara ×
Calliptamus barbarus* Orth × ×
Chorosoma gracile* Het × ×
Eurygaster dilaticollis* Het × ×
Phimodera humeralis * Het × ×
Trigonotylus pulchellus* Het × ×
Chlamydatus saltitans Het ×
Europiella artemisiae Het ×
Emblethis ciliatus* Het ×
Sciocoris deltocephalus* Het × × ×
Hogna radiata Ara ×
Syntomus truncatellus Car ×
Harpalus servus* Car × × ×
Harpalus picipennis* Car × × ×

822
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823 Figure legends

824 Fig. 1. Schematic maps showing the location of the studied habitats. 

825

826 Fig. 2. Ordination plots from distance-based redundancy analyses (db-RDA, Bray-Curtis index) 

827 depict the effect of sand dropseed invasion (inv vs ctrl), habitat type (FS, OG, and MS) and their 

828 interaction on vegetation-dwelling orthopterans (a) and true bugs (b). Abbreviations: FS - forest 

829 steppe, OG - open sand grassland, MS - meadow steppe, ctrl - control, inv - invaded. 

830

831 Fig. 13. Estimated means and confidence limits depict the differences in vegetation-dwelling 

832 arthropod (orthopterans, true bugs, spiders) species richness and abundance in relation to the 

833 invasive sand dropseed cover (control: not present, low: 1-20 %, medium: 21-50%, high: above 

834 50%) on logarithmic (ln) scale. Different letters indicate significant differences between the four 

835 treatments based on post hoc comparisons. Abbreviations: ctrl - control, med - medium. For 

836 detailed information on post hoc comparisons see Table S2.

837

838 Fig. 24. Estimated means and confidence limits depict the differences in ground-dwelling 

839 arthropod (true bugs, spiders, ground beetles) species richness and abundance in relation to the 

840 invasive sand dropseed cover (control: not present, low: 1-20 %, medium: 21-50%, high: above 

841 50%) on logarithmic (ln) scale. Different letters indicate significant differences between the four 

842 treatments based on post hoc comparisons. Abbreviations: ctrl - control, med - medium. For 

843 detailed information on post hoc comparisons see Table S2.

844

845 Fig. 35. Estimated means and control limits depict the differences in the orthopteran abundance 

846 in relation to the invasive sand dropseed cover (control: not present, low: 1-20 %, medium: 21-

847 50%, high: above 50%) within habitat types on logarithm scale. Different letters indicate 

848 significant differences between the four treatments, based on post hoc comparisons between 

849 treatments within habitat types. Abbreviations: ctrl - control, med - medium. For detailed 

850 information on post hoc comparisons see Table S2.

851

852 Fig. 46. Bar charts (mean ± SE) depict the differnces in the number and abundance of species of 

853 high conservation natural value between sand dropseed-invaded and control sites (a,b - plant-
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854 dweeling spiders, true-bugs and orthopterans; c,d - ground-dwelling spiders, true bugs and 

855 ground beetles). Stars indicate the level of significance (* p < 0.05; ** p < 0.01; *** p < 0.001).

856
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 Variance % F P
ORTHOPTERA
invasion 6.97 4.123 < 0.001
habitat 33.46 9.894 0.028
invasion × habitat 19.03 5.626 0.004
HETEROPTERA 
invasion 11.84 5.527 < 0.001
habitat 22.68 5.295 < 0.001
invasion × habitat 14.19 3.311 < 0.001
ARANEAE 
invasion 4.98 1.801 0.149
habitat 24.24 4.392 < 0.001
invasion × habitat 4.68 0.849 0.568
HETEROPTERA 
invasion 22.63 0.480 0.799
habitat 22.63 3.800 0.003
invasion × habitat 4.54 0.762 0.600
ARANEAE 

invasion 1.10 0.385 0.952
habitat 27.35 4.790 < 0.001
invasion × habitat 3.40 0.599 0.904
CARABIDAE
invasion 0.94 0.373 0.831
habitat 37.16 7.393 < 0.001
invasion × habitat 1.62 0.323 0.949
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Species Group Forest 
steppe

Open sand 
grassland

Meadow 
steppe

 Inv Ctrl Inv Ctrl Inv Ctrl
Calliptamus italicus Orth ×
Roeseliana roeselii Orth ×
Berytinus geniculatus* Het ×
Berytinus minor Het ×
Argiope bruennichi Ara ×
Euryopis saukea Ara × ×
Stenobothrus nigromaculatus* Orth ×
Dolycoris baccarum Het ×
Lasiacantha gracilis Het ×
Polymerus unifasciatus Het ×
Cheiracanthium pennyi Ara ×
Oncochila scapularis* Het × ×
Stenobothrus fischeri* Orth ×
Aelia rostrata Het ×
Dicranocephalus albipes* Het ×
Trigonotylus caelestialium Het ×
Runcinia grammica Ara ×
Calliptamus barbarus* Orth × ×
Chorosoma gracile* Het × ×
Eurygaster dilaticollis* Het × ×
Phimodera humeralis * Het × ×
Trigonotylus pulchellus* Het × ×
Chlamydatus saltitans Het ×
Europiella artemisiae Het ×
Emblethis ciliatus* Het ×
Sciocoris deltocephalus* Het × × ×
Hogna radiata Ara ×
Syntomus truncatellus Car ×
Harpalus servus* Car × × ×
Harpalus picipennis* Car × × ×
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 Species richness P Abundance nb

 χ2 df P χ2 df P
ORTHOPTERA
invasion 4.51 3 0.211 39.2 3 < 0.001
habitat 44.81 2 > 0.001 33.02 2 < 0.001
invasion × habitat 8.18 6 0.225 36.41 6 < 0.001
HETEROPTERA 
invasion 20.61 3 > 0.001 32.37 3 < 0.001
habitat 2.54 2 0.281 4.44 2 0.108
invasion × habitat 5.25 6 0.511 10.03 6 0.123
ARANEAE 
invasion 1.87 3 0.598 8.163 3 0.043
habitat 8.15 2 0.017 3.534 2 0.171
invasion × habitat 2.97 6 0.812 11.49 6 0.074
HETEROPTERA 
invasion 3.41 3 0.332 2.83 3 0.418
habitat 9.19 2 0.01 5.45 2 0.065
invasion × habitat 7.6 6 0.268 0.98 6 0.986
ARANEAE 

invasion 1.85 3 0.604 4.36 3 0.225
habitat 34.12 2 > 0.001 57.44 2 < 0.001
invasion × habitat 4.56 6 0.6 2.91 6 0.821
CARABIDAE
invasion 14.54 3 0.002 11.84 3 0.007
habitat 12.27 2 0.002 20.163 2 < 0.001
invasion × habitat 9.03 6 0.172 3.146 6 0.79
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