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ABSTRACT 1 

In European agricultural landscapes, forest fragmentation is one of the most serious threats to 2 

wildlife populations viability. Ecological corridors are the management tool used to mitigate 3 

the effects of this phenomenon and, in agro-ecosystems, they are traditionally represented by 4 

hedgerows. Hedgerows vary dramatically in their internal structure and quality and their 5 

effectiveness as corridors depends both on their physical features, such as width and 6 

continuity, and internal habitat conditions. Moreover, the ecological requirements related to 7 

hedgerow structure are strongly species-specific. In this study, we evaluated which 8 

characteristics make a hedgerow suitable for two mammal species sensitive to forest 9 

fragmentation at two very different spatial scales: the European Badger and the Hazel 10 

Dormouse. The study was carried out in a wide lowland area of northern Italy. Following a 11 

stratified cluster sampling design, we surveyed 55 hedgerows. For each hedgerow, we 12 

collected both structural and floristic variables and we evaluated how differently they affect 13 

hedgerows use by the European Badger and Hazel Dormouse. Our results suggested that, in 14 

order to simultaneously increase landscape connectivity for both mammal species, a 15 

hedgerow should be wide and continuous. Moreover, it should be managed to promote 16 

development of the shrub layer and to avoid monopolization by the invasive locust tree. The 17 

information we obtained by this two-species approach provided crucial suggestions for a 18 

correct management of hedgerows, which could be used for the conservation of any species 19 

with similar ecological requirements and a similar response to fragmentation. 20 
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1 INTRODUCTION 24 

Forest fragmentation is one of the most important human-induced phenomena threatening the 25 

viability of wild populations (Crooks and Soulé 1999; Fahrig 2003; Fischer and Lindenmayer 26 

2007). Fragmentation alters the structure and dynamic of populations, subdividing them into 27 

smaller and isolated sub-populations, and making them particularly sensitive to the negative 28 

effects of genetic, demographic and environmental stochasticity (Gilpin and Soulé 1986). 29 

This is particularly noticeable in European lowland areas, where natural or semi-natural 30 

elements suitable for wildlife, such as woodlands and hedgerows, dramatically decreased 31 

during the past decades due to the wide conversion of original habitats to intensively 32 

cultivated areas (Arnold 1983; Darby 1956; Williams 2002). The management tool designed 33 

to mitigate the negative effects of forest fragmentation consists of ecological corridors, i.e. 34 

linear structures that could restore and enhance the connectivity among forest remnants 35 

(Forman and Gordon 1986; Šálek et al. 2009). In particular, they should facilitate the gene 36 

flow through sub-populations enabling individual dispersal (Červinka et al. 2013; Mech and 37 

Hallet 2001). In lowland agro-ecosystems, ecological corridors are traditionally represented 38 

by hedgerows, defined as lines of closely spaced shrubs and trees. Although the effectiveness 39 

of hedgerows and other ecological corridors in mitigating the effect of forest fragmentation 40 

has been widely debated over the past two decades (Davies and Pullin 2007; Tattersall et al. 41 

2002), some authors clearly pointed out their importance in providing shelter, breeding sites 42 

and food resources for wildlife (Bennett 1999; Hilty and Merenlender 2004). In particular, 43 

several studies highlighted that hedgerows could represent not only effective ecological 44 

corridors, but also suitable habitats for different species, especially for birds and small 45 

mammals (Arnold 1983; Gelling et al. 2007; Hinsley and Bellamy 2000; Laurance and 46 

Laurance 1999; Silva and Prince 2008; Wolton 2009). Moreover, recent studies have 47 

demonstrated that, in agricultural landscapes, hedgerows are also preferentially used by 48 
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several carnivore species, in particular by mustelids (Červinka et al. 2013; Šálek et al. 2009). 49 

However, hedgerows can have different origins and structures. They may be residuals of 50 

native woodlands or new plantations, and they may suffer different management strategies. 51 

This leads to a dramatic dissimilarity in their internal structure and quality (Gelling et al. 52 

2007) and, thus, in their suitability for wildlife. Indeed, the effectiveness of hedgerows as 53 

ecological corridors or suitable habitats depends on their structural features, such as width, 54 

continuity and internal habitat conditions (Šálek et al. 2009, Silva and Prince 2008). For 55 

examples, poor-quality and discontinuous hedgerows resulted detrimental to some farmland 56 

birds (Hinsley and Bellamy 2000) and small mammals (Bright 1998), while narrow 57 

hedgerows without trees seem to be unsuitable for carnivores (Hilty and Merenlender 2004). 58 

Therefore, it is important to define which structural features should be preserved in order to 59 

ensure the effectiveness of hedgerows in restoring or enhancing landscape connectivity. Since 60 

the ecological requirements related to hedgerow structure are strongly species-specific, it 61 

would be appropriate, where possible, to apply a multi-species approach. 62 

In this study, we evaluated which internal characteristics make a hedgerow suitable for two 63 

mammal species particular sensitive to fragmentation in Northern Italy, the European Badger 64 

(Meles meles) and the Hazel Dormouse (Muscardinus avellanarius). We chose to investigate 65 

the ecological requirements of these two species, in terms of structural and floristic 66 

characteristics of hedgerows, because of their sensitivity to forest fragmentation at two very 67 

different spatial scales (50 km2 vs 5 km2). Indeed, the dispersal magnitude of these two 68 

species is strongly different (European Badger: 500 m - 8 km, Kowalczyk et al. 2006, 69 

Macdonald and Barret 1993; Hazel Dormouse: 150 m - 300 m, Mortelliti et al. 2012). 70 

Moreover, it is well known that both species are particularly linked to hedgerows (Ehlers 71 

2012; Elliot et al. 2015; O’Brien et al. 2016; Wolton 2009;). Within our study area, it was 72 

demonstrated that they perceive hedgerows not only as ecological corridors but also as 73 
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preferential habitats (Dondina et al. submitted; Dondina et al. unpublished). The information 74 

provided by this two-species approach could generate important suggestions for a correct 75 

management of hedgerows, which might guarantee the conservation of the two target species 76 

and, virtually, of any other species with analogous ecological requirements and that responds 77 

to fragmentation at similar spatial scales. 78 

2 MATERIAL AND METHODS 79 

2.1 Study area 80 

The study area (Figure 1) is a typical European lowland agro-ecosystem, located in Western 81 

Lombardy (45°21’ N 8°80’ E, northern Italy). It is about 1,300 km2 wide and it is bordered by 82 

three main rivers, the Sesia, Po and Ticino. The total surface is largely covered by intensive 83 

cultivated crops, which represent 74% of the area and consist mainly of rice paddies. The 84 

remaining surface is covered by built-up areas (9%), reforestations and other arboreal 85 

cultivations (7%), and original broadleaved forest remnants (7%, 99% of which are smaller 86 

than 1 km2). Most of the original forest cover falls within the boundaries of the Ticino Natural 87 

Park, a 220 km2 wide protected area located in the eastern part of the study area. The 88 

remaining 3% of the surface is covered by hedgerows, which are often distributed along the 89 

crop field borders and ditches. Overall, the territory included in the study area was strongly 90 

influenced by human activity. In the last fifty years, as often occurs in agro-ecosystems (Bani 91 

et al. 2009; Donald et al. 2001; Henle et al. 2008; Sokos et al. 2013), landscape exploitation 92 

due to the increasing demand of agricultural productivity has led to an impoverishment of 93 

landscape heterogeneity and to an important reduction of wildlife biodiversity. 94 

2.2 Sampling design 95 

The data collection followed a stratified cluster sampling design, defined within a project 96 

aimed at evaluating the effect of forest fragmentation on mammal species and identifying an 97 
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effective ecological network for the study area (Dondina et al. submitted). Basically, we 98 

overlapped a 2-km grid to the study area and, within each cell, we calculated five 99 

environmental variables: percentage of forest cover, distance from the Ticino Natural Park 100 

(considered as a source area), density of hedgerows, density of main roads and degree of 101 

habitat fragmentation calculated by means of a Modified Proximity Index (Bani et al. 2006). 102 

Subsequently, using a k-means cluster analysis, the 2-km cells were grouped into 10 103 

homogeneous Landscape Units (LUs) according to the five environmental variables 104 

considered. Among the 325 2-km cells of the study area, we randomly selected 30 cells 105 

(covering about 10% of the study area), allocated in each LU in a number proportional to its 106 

size (Figure 1). The 30 2-km cells represented the primary sampling units in the sampling 107 

design. Within each primary sampling unit, we randomly selected six 250-m cells, which 108 

represented the secondary sampling units. For this study, we considered every hedgerow 109 

falling within a secondary sampling unit, for a total of 55 hedgerows within the study area. 110 

2.3 Environmental variables 111 

In order to evaluate which internal characteristics of hedgerows would make them suitable for 112 

the European Badger and the Hazel Dormouse, we collected both structural and floristic 113 

variables. For each hedgerow we considered physical continuity, average width (calculated 114 

averaging three measures taken at both ends and in the middle point of the hedgerow portion 115 

included into the secondary sampling unit), average diameter of 20 trees randomly selected 116 

within the hedgerow, average shrubs height, percentage of shrub cover, average grass height 117 

and percentage of grass cover as structural variables. The last four variables were visually 118 

evaluated by the same person (OD) to avoid differences in the estimates (Červinka et al. 119 

2013). Moreover, in order to characterize each hedgerow from a floristic point of view, we 120 

identified all shrub and tree species, within the hedgerow portion included into the secondary 121 

sampling unit. Each hedgerow was visited in spring during two consecutive years (March-122 



 

7 
 

July 2014 and 2015), and the environmental variables were measured during the first year of 123 

data collection. 124 

2.4 Mammal data collection 125 

In order to evaluate the use of hedgerows by the European Badger, we collected data between 126 

April and July in 2014 and 2015 performing surveys along linear transects (Krebs 1999). We 127 

walked alongside each hedgerow and noted all signs of species presence (i.e. latrines, setts, 128 

and footprints) (Sadlier et al. 2004). A hedgerow was considered to be used by the European 129 

Badger if any signs of presence were detected on at least one visit. In order to detect the 130 

presence and abundance of the Hazel Dormouse, we placed nest-tubes in every hedgerow. In 131 

order to keep a constant sampling effort, we used a number of nest-tubes proportional to 132 

hedgerow length within each secondary sampling unit, for a maximum of eight nest-tubes per 133 

cell. The nest-tubes were placed 50 m apart from each other, in order to include each of them 134 

in an individual’s home-range (Juškaitis 2008, 1997; Mortelliti et al. 2011). We placed 173 135 

nest-tubes in 38 secondary sampling units, which were inspected during European Badger 136 

surveys. A nest-tube was considered used if we observed any individuals inside it on at least 137 

one visit, or if we found any nests or feeding signs on the hazelnuts that we left to attract 138 

dormice. The relative abundance of the Hazel Dormouse within each hedgerow was 139 

calculated as the maximum number of simultaneously occupied nest-tubes detected during the 140 

first or the second survey year, and it was related to the total number of nest-tubes places 141 

within that hedgerow. During the survey period, four hedgerows were completely or largely 142 

cut. In those cases, we considered only the data collected during the first year for both 143 

species.  144 

2.5 Statistical analyses 145 
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We  considered the 55 hedgerows as Statistical Units (SUs) for our analyses on both the 146 

European Badger and the Hazel Dormouse . 147 

For the European Badger, we performed a presence model. We considered as independent 148 

variables only those concerning hedgerow structure, thus excluding the categorical variable 149 

describing the physical continuity of hedgerows, as it is unlikely that this variable might 150 

affect the use of a hedgerow by a species that usually crosses open areas. In order to account 151 

for the possible effect of the fragmentation degree of the landscape in which each hedgerow 152 

was located (Červinka et al. 2013), we also considered three other variables, i.e. the total 153 

surface occupied by hedgerows in a 2-km buffer surrounding each hedgerow, the abundance 154 

of suitable habitat (i.e. woodlands, poplar cultivations and hedgerows) in hectares, and the 155 

Connectance Index (Fragstats 4 ; McGarigal et al. 2002) calculated on those landscape 156 

elements (i.e. woodlands, poplar cultivations, hedgerows and biomasses) used as connectivity 157 

elements by the European Badger (Dondina et al. unpublished). The value of the last two 158 

variables for each hedgerow was calculated using a mowing window with a 2-km radius (a 159 

buffer area that moves from pixel to pixel in the whole landscape) and averaging the values 160 

calculated within each primary sampling unit. As we collected data following a hierarchical 161 

sampling design (Crawley 2007), we ran a Generalized Linear Mixed Model (GLMM) with a 162 

binomial error distribution. We used the presence/absence of the European Badger as the 163 

response variable, the primary and secondary sampling units as nested random effects, and the 164 

environmental variables as fixed. However, since the random effects explained a very low 165 

percentage of the variance of the dependent variable, we removed them and re-ran the model 166 

as a GLM with a binomial error distribution. As the Moran’s I Test performed with 999 167 

permutations (Cliff and Ord 1981) revealed spatial autocorrelation both in the response 168 

variable and in model residuals, we added the spatial coordinates of the centroid of each 169 

hedgerow to the model as covariates. In this way, we were able to remove the residuals spatial 170 
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autocorrelation, as confirmed by the following Moran’s I Test. All continuous independent 171 

variables were standardized using an autoscaling procedure. We selected the variables 172 

following an Information-Theoretic Approach (Anderson et al. 2001, 2000; Anderson and 173 

Burnham 2002; Burnham and Anderson 2002) by means of the Akaike Information Criterion 174 

(AIC) (Akaike 1973; Burnham and Anderson 2002). The explanatory power of the best model 175 

was evaluated by means of the explained deviance D2 (Boyce et al. 2002; Crawley 1993; Zuur 176 

et al. 2009, 2007), and its ability to distinguish between occupied and unoccupied hedgerows 177 

was tested using the area under the curve of the Receiver Operating Characteristic plot (ROC 178 

curve) (Fawcett 2006; Pearce and Ferrier 2000). 179 

For the Hazel Dormouse, we performed both a presence and abundance model. In both cases, 180 

we considered both structural and floristic features as independent variables, as we 181 

hypothesized that floristic characteristics could have a great influence on a species which 182 

typically feeds on berries and builds nests using vegetal products, such as moss and leaves 183 

(Juškaitis 2008). We also took into account the total surface occupied by hedgerows within a 184 

250-m buffer (considering continuous and discontinuous hedgerows separately), the amount 185 

of suitable habitat (i.e. woodlands and hedgerows) in hectares, and the Connectance Index 186 

calculated on those landscape elements (i.e. woodlands, hedgerows, poplar cultivations, 187 

biomasses and reforestations) used as connectivity elements by the Hazel Dormouse (Dondina 188 

et al. submitted). The last two variables were calculated using a mowing window with a 250-189 

m radius and averaging the values calculated in correspondence to the nest-tubes located in 190 

the same hedgerow. In order to perform the presence model, we ran a GLMM using the 191 

presence/absence of the species as the response variable, the primary and secondary sampling 192 

units as nested random effects, and the environmental variables as fixed effects. However, 193 

since the random effects did not explain any percentage of the variance of the dependent 194 

variable, we applyed a GLM without considering any random effect. We excluded the 195 
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presence of spatial autocorrelation in the Hazel Dormouse presence data by means of the 196 

Moran's I Test. All  continuous independent variables were standardized and selected 197 

following an Information-Theoretic Approach by means of the AIC. The explanatory power 198 

of the best model was evaluated by means of the explained deviance D2, and its ability to 199 

distinguish between occupied and unoccupied hedgerows was tested using the area under the 200 

ROC curve.  201 

Finally, in order to perform the abundance model for the Hazel Dormouse, we modelled the 202 

proportion of occupied nest-tubes, considered as a relative index of abundance. Once again, 203 

we did not run a GLMM, since the random effects did not explain any percentage of the 204 

dependent variable variance, and we applied a GLM using a two-vector response variable 205 

(occupied versus non-occupied nest-tubes placed in the hedgerow) with a binomial error 206 

distribution, without taking into account any random effect. We excluded the presence of 207 

spatial autocorrelation in the Hazel Dormouse abundance data by means of the Moran's I Test. 208 

All continuous independent variables were standardized and selected by means of the AIC. 209 

Even in this case, the explanatory power of the best model was evaluated by means of the 210 

explained deviance D2. 211 

For all three models we performed a Kolmogorov-Smirnov test to check for residual 212 

normality (Legendre and Legendre 1998) and a Durbin-Watson test to check for their 213 

independence (Crawley 1993; Savin and White 1977). Moreover, we checked the variables 214 

for collinearity by means of the VIF (Variance Inflation Factor, using the usdm package in R 215 

(Naimi 2015). All analyses were performed using R v. 3.1 (R Core Team 2014). 216 

3 RESULTS 217 

3.1 European Badger presence model 218 
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Overall, 18 out of 55 hedgerows were found to be used by the European Badger within the 219 

study area. The best presence model selected by the Information-Theoretic Approach 220 

explained 39% of the deviance. The model highlighted a significant positive effect of 221 

hedgerow width on the probability of occurrence of the European Badger, while the 222 

percentage of grass cover played a negative effect (Table 1). The ROC plot analysis showed 223 

that the discriminatory ability of the model was good (AUC = 0.872, P < 0.001). Model 224 

residuals were normally distributed (Kolmogorov-Smirnov test, D = 0.166, P = 0.097), 225 

independent (Durbin-Watson test, DW = 2.30, P = 0.779) and there was no collinearity 226 

between variables (VIF < 3; Zuur et al. 2009). 227 

3.2 Hazel Dormouse presence model 228 

Overall, 21 out of 55 hedgerows were found to be used by the Hazel Dormouse within the 229 

study area. The best presence model selected by the Information-Theoretic Approach 230 

explained 21% of the deviance. The most important variables among those selected in the best 231 

model were the percentage of shrub cover and the total surface occupied by continuous 232 

hedgerows within a 250-m buffer, both with a positive effect on the probability of occurrence 233 

of the Hazel Dormouse, and the presence of oaks, with a negative effect (Table 2). The 234 

discriminatory ability of the model was good (AUC = 0.809, P < 0.001). Model residuals 235 

were normally distributed (Kolmogorov-Smirnov test, D = 0.155, P = 0.147), independent 236 

(Durbin-Watson test, DW = 1.80, P = 0.194) and there was no collinearity between variables 237 

(VIF < 3; Zuur et al. 2009). 238 

3.3 Hazel Dormouse abundance model 239 

The mean Hazel Dormouse abundance within the occupied hedgerows was 1.33 ± 0.12 nest-240 

tubes. The best abundance model explained 39% of the deviance and the most important 241 

variable with a positive effect was, once again, the percentage of shrub cover. Conversely, the 242 
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presence of the locust tree Robinia pseudoacacia (an alien species introduced in Europe in 243 

1601) in the shrub layer and the percentage of grass cover had a negative effect on the 244 

abundance of the species (Table 3). Model residuals were normally distributed (Kolmogorov-245 

Smirnov test, D = 0.164, P = 0.109), independent (Durbin-Watson test, DW = 1.80, P = 246 

0.151) and the collinearity between variables was negligible (VIF < 4). 247 

4 DISCUSSION 248 

In agricultural landscapes, hedgerows play an important ecological role for several mammal 249 

species, both as corridors and as additional reproductive habitats (Červinka et al. 2013; 250 

Gelling et al. 2007; Laurance and Laurance 1999; Šálek et al. 2009; Silva and Prince 2008). 251 

However, the effectiveness of hedgerows as ecological corridors or reproductive habitats 252 

depends on their internal features, such as floristic and structural characteristics (Šálek et al. 253 

2009; Silva and Prince 2008). The influence of the internal characteristics of hedgerows in 254 

determining their use is strongly species-specific and, thus, the application of a multi-species 255 

approach could allow obtaining more comprehensive information. In this study, we analyzed 256 

which hedgerows characteristics facilitate or discourage their use by the European Badger and 257 

the Hazel Dormouse. 258 

According to our analyses, width is the most important structural characteristic that makes a 259 

hedgerow suitable for the European Badger. The same result was obtained in other studies 260 

regarding both wildlife in general (Hilty et al. 2006), and small and medium-sized carnivores 261 

in particular (Hilty and Merenlender 2004). Indeed, wider corridors may have several diverse 262 

microhabitat structures, fulfilling more species-specific ecological requirements (Hilty and 263 

Merenlender 2004). For the European Badger, hedgerows are important in providing shelter 264 

(O’Brien et al. 2016) and food (Gelling et al. 2007; Thomas and Marshall 1999) and, 265 

obviously, a wider hedgerow is safer and richer of trophic resources than a narrow one. Our 266 

results also suggest that the European Badger avoids hedgerows with a high percentage of 267 
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grass cover. This finding could be linked to a preference for hedgerows with a high shrub 268 

cover. Indeed, even though shrub cover was not found to be significant in our analyses, it is 269 

often reported as a very important factor in determining the use of hedgerows as corridors by 270 

carnivores (Mangas et al. 2008). 271 

As regards the Hazel Dormouse, both the presence and abundance models clearly highlighted 272 

the strong importance of shrub cover in determining the suitability of a hedgerow for the 273 

species. Several authors (Bright et al. 1994; Juškaitis and Šiožinytê 2008; Ramakers et al. 274 

2014) showed that a high percentage of shrub cover was important to satisfy the ecological 275 

requirements of the Hazel Dormouse. Indeed, this species needs safe shelters where nests can 276 

be built away from predators (Bright 1998; Bright and Morris 1991), vegetal materials for 277 

nest construction (Berg and Berg 1998; Wolton 2009) and food resources, such as berries, 278 

seeds and insects (Bright and Morris 1992, 1991, 1990). These requirements can only be 279 

found in a hedgerow with a well-developed shrub layer, and the higher the percentage of 280 

shrub cover is, the larger is the Hazel Dormouse population that the hedgerow can support. 281 

The presence model also revealed a positive effect of the cover of continuous hedgerows 282 

within a 250-m buffer on presence probability of the Hazel Dormouse. This finding 283 

highlighted the importance of physical continuity in making hedgerows suitable for the Hazel 284 

Dormouse. Indeed, discontinuous hedgerows have been proved to be detrimental for several 285 

species (Gelling et al. 2007). Specifically, radio-tracking studies carried out in UK by Bright 286 

(1998) showed a significant difference in the crossing frequency of different size gaps within 287 

hedgerows by the Hazel Dormouse. In particular, one meter gaps were crossed in 55% of the 288 

cases, three meter gaps only in 6%, while gaps over six meters were never crossed during the 289 

study period. The presence model also showed that the presence of oaks within a hedgerow 290 

negatively affects the probability of presence of the Hazel Dormouse. Both the Pedunculate 291 

Oak (Quercus robur) and the Sessile Oak (Quercus petraea) are tree species with an average 292 
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height ranging between 30 and 35 meters and a wide canopy. Hedgerows hosting these 293 

species are often characterized by a poorly developed shrub layer, in favor of a wider 294 

herbaceous cover. The negative effect of a high percentage of grass cover on the Hazel 295 

Dormouse was explicitly highlighted by the abundance model. As for the European Badger, 296 

this probably depends on the preference for hedgerows characterized by a high shrub cover, 297 

and, thus, by a lower cover of the grass layer. Finally, the abundance model revealed the 298 

negative effect of the locust tree in the shrub layer on the Hazel Dormouse. This tree species 299 

negatively affected only the abundance of the Hazel Dormouse, and not its occurrence 300 

probability, as the locust tree shrub layer probably determines a hedgerow structure suitable 301 

for this small mammal. However, this invasive tree species tends to colonize the entire shrub 302 

layer, making it monospecific and offering scarce food resources. This kind of habitat cannot 303 

host a high density of Hazel Dormouse individuals. 304 

5 MANAGEMENT IMPLICATIONS 305 

In this study, we evaluated which hedgerow characteristics facilitate or discourage their use 306 

by two mammal species responding to fragmentation at two different spatial scales: the Hazel 307 

Dormouse and the European Badger. In order to identify proper management measures aimed 308 

at making hedgerows suitable for a larger part of the entire community, it is fundamental to 309 

consider species responding to different spatial scales. In particular, we identified some 310 

management practices that should be applied in order to make a hedgerow an effective 311 

ecological corridor for the European Badger, the Hazel Dormouse, and any other species with 312 

similar ecological requirements and that responds to forest fragmentation at similar spatial 313 

scales. The fact that, overall, only eight out of 18 and 21 hedgerows occupied by the 314 

European Badger and Hazel Dormouse, respectively, were simultaneously occupied by the 315 

two species, suggests that these two mammals have different ecological requirements and that 316 
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the current management of hedgerows in the study area is only partially adequate to make 317 

them suitable for both species. 318 

Based on our results, we suggest that, in lowland areas characterized by a high degree of 319 

forest fragmentation, hedgerows should be kept as wide as possible in order to increase 320 

landscape connectivity and habitat availability. This is consistent with the findings of Hilty 321 

and Merendlener (2004), who suggested that, in agricultural landscapes, the maintenance of 322 

wider hedgerows is crucial in order to protect more wildlife species with different ecological 323 

requirements. It is interesting to point out that if we had used only the Hazel Dormouse as a 324 

target species, this result would not have emerged. On the other hand, considering the Hazel 325 

Dormouse allowed us to highlight another crucial factor, i.e. hedgerow continuity, and the 326 

importance to fill hedgerow gaps with trees and shrubs. Hedgerows should also be managed 327 

in order to increase the shrub layer cover, and if the locust tree is one of the species in this 328 

layer, it should be removed before it becomes prevalent species. 329 
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Table 1. Best presence model for the use of hedgerows by the European Badger in Northern 481 

Italy. East: longitude (UTM, WGS84_32N) of each hedgerow centroid. SE: standard error of 482 

estimates. z: Wald statistic for testing the hypothesis that the corresponding estimate is equal 483 

to zero (null hypothesis). Pr(>|z|): probability that the null hypothesis is true. The model 484 

explained 39% of the null deviance. 485 

 486 

Predictors Estimate SE z Pr(>|z|) 

(Intercept) -1.335 0.475 -2.808 0.005 

Width 2.496 0.869 2.872 0.004 

Percentage of grass cover -1.878 0.797 -2.357 0.018 

Total hedgerows cover (buffer 2-km) 0.712 0.453 1.574 0.115 

East -3.208 1.136 -2.825 0.005 

 487 

  488 



 

24 
 

Table 2. Best presence model for the use of hedgerows by the Hazel Dormouse in Northern 489 

Italy. SE: standard error of estimates. z: Wald statistic for testing the hypothesis that the 490 

corresponding estimate is equal to zero (null hypothesis). Pr(>|z|): probability that the null 491 

hypothesis is true. The model explained 21% of the null deviance.  492 

 493 

Predictors Estimate SE Z Pr(>|z|) 

(Intercept) 0.649 0.843 0.770 0.441 

Poplar spp._Tree layer 1.593 1.145 1.390 0.164 

Oak spp._Tree layer -2.477 1.328 -1.865 0.062 

Locust tree_Shrub layer -1.354 0.929 -1.457 0.145 

Percentage of shrub cover 0.898 0.414 2.173 0.029 

Continuous hedgerows cover (buffer 250-m) 0.765 0.446 1.714 0.086 

Discontinuous hedgerows cover (buffer 250-m) -0.605 0.469 -1.291 0.197 

 494 
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Table 3. Best abundance model for the use of hedgerows by the Hazel Dormouse in Northern 496 

Italy. SE: standard error of estimates. z: Wald statistic for testing the hypothesis that the 497 

corresponding estimate is equal to zero (null hypothesis). Pr(>|z|): probability that the null 498 

hypothesis is true. The model explained 39% of the null deviance.  499 

 500 

Predictors Estimate SE z Pr(>|z|) 

(Intercept) -2.095 1.858 -1.127 0.260 

Alder_Tree layer 1.739 1.476 1.178 0.239 

Poplar spp._Tree layer 1.569 1.531 1.025 0.305 

Oak spp._Tree layer -2.869 2.166 -1.325 0.185 

Locust tree_Tree layer 2.338 2.201 1.062 0.288 

Willow spp._ Tree layer -1.759 1.798 -0.978 0.328 

Locust tree_Shrub layer -2.237 1.277 -1.752 0.079 

Percentage of shrub cover 0.847 0.509 1.663 0.096 

Average grass height 0.720 0.611 1.179 0.238 

Percentage of grass cover -0.780 0.474 -1.646 0.099 

Suitable habitat amount (buffer 250 m) -0.454 0.562 -0.808 0.419 
Continuous hedgerows cover (buffer 250-m) 0.653 0.589 1.109 0.267 

 501 
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Figure captions 503 

 504 

Figure 1 505 

Study area 506 

Study area in Northern Italy (45°21’ N 8°80’ E). The gray color represents hedgerows, 507 

whereas the black color shows the original broadleaved forest remnants. The gray squares are 508 

the 2-km primary sampling units. 509 
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