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Abstract
Biodiversity is often highest at ecotones. However, edge effects vary among species and the spatial extent has rarely been 
quantified. Rodents form an important part of the food chain and thus are keystones of the ecosystem. We measured the spe-
cies richness and abundance of rodents at ecotones between forests and three types of open agricultural biotopes (grasslands, 
rapeseed fields, and cereal fields) along perpendicular transects. The species richness and relative abundance of rodents 
were highest at the forest/grassland ecotone where the densities of the yellow-necked mouse (Apodemus flavicollis) and the 
striped field mouse (A. agrarius) were highest. The highest density of the forest-dwelling bank vole (Myodes glareolus) was 
recorded next to grasslands; however, the abundance of this species increased towards the forest interior. The positive edge 
effect of ecotones on species richness and total abundance did not exceed 10 m. Our results suggest that maintaining nar-
row grasslands at the margins of crop fields would strengthen rodent communities at ecotones as well as in adjacent forests.
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Introduction

Increasing demand for food and fuel production has 
prompted the replacement of diverse landscapes with uni-
form agricultural fields and earlier sustainable land use 
practices have shifted to the intensified management of 
monocultures (Robinson and Sutherland 2002; Díaz et al. 
2006; Krauss et al. 2010). Due to agricultural intensification, 
several farmland plant, bird, and mammal populations have 
collapsed, resulting in a loss of functional diversity (Donald 
et al. 2001; Flynn et al. 2009; Cardinale et al. 2012; Dudley 
and Alexander 2017). Yet, it has been acknowledged that 
agriculture should not only target the highest yield in crop 
production but should also provide additional ecosystem ser-
vices (Tilman et al. 2001; Robinson and Sutherland 2002; 
Garibaldi et al. 2017).

The highest species richness, diversity, or abundance is 
often found at ecotones, defined as transition areas between two 

ecological communities (Wiens 1976; Kark 2013). Ecotones 
connect different habitats and increase species richness and 
diversity in various taxonomic groups, such as plants (Luczaj 
and Sadowska 1997), insects (Magura et al. 2001; Sepp et al. 
2004; Pe’er et al. 2011), birds (Paton 1994), and mammals 
(Lidicker 1999). This is referred to as a positive edge effect and 
its spatial extent may differ among taxa. For example, an edge 
effect may increase bird abundance and diversity up to 50 m 
from the exact edge (Paton 1994), whereas in several shrub and 
tree species, edge effects may be limited to a couple of meters 
(Luczaj and Sadowska 1997). Although opposite effects have 
been recorded (Hanski et al. 1996; Ross et al. 2005; Laiolo 
and Rolando 2005, Soga et al. 2013), the importance of eco-
tones and edge effects for wildlife in agricultural landscapes is 
widely acknowledged. However, these landscape elements are 
successively disappearing due to the ongoing intensification 
of agriculture and accompanying land consolidation (Benton 
et al. 2003; Dudley and Alexander 2017).

Small mammals are distributed in various habitats and 
are important for preserving biodiversity across landscapes 
(MacDonald and Barrett 1993; Kozakiewicz et al. 1999; 
Sullivan and Sullivan 2019). Although some taxonomic 
groups of small mammals (e.g., rodents) are often considered 
agricultural pests (Jacob et  al. 2013), their ecological 
importance cannot be neglected, as they form an important  
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part of the food chain (Andersson and Erlinge 1977; Sullivan 
and Sullivan 2019). Various small mammals forage on plants 
and thus help to spread plant seeds (Williams et al. 2001); 
they are also a staple food for various mammalian and avian 
predators (Korpimäki 1984; Goldyn et al. 2003; Elmeros 
2006; Šàlek et al. 2010).

Habitat and plant community composition are important 
determinants of small mammal diversity and abundance 
(Hansson 1978; Väli and Tõnisalu 2021); however, 
human activity, particularly in forestry and agriculture, 
strongly influences habitats of small mammal communities 
(Panzacchi et al. 2010; Väli and Tõnisalu 2021). Habitat 
protection, especially in grasslands, is essential for small 
mammal communities (Bretagnolle et al. 2011; Benedek 
and Sîrbu 2018), and, vice versa, increasing areas of crop 
production are accompanied by declining vole populations 
(Butet and Leroux 2001).

In agricultural landscapes, small mammal species 
richness and abundance are highest at field margins (Ernoult 
et al. 2012; Fischer and Schröder 2014). Edge effects have 
also been detected in openings (Menzel et al. 1999) and 
at the border between clear-cuts and forest (Sekgororoane 
and Dilworth 1995) in forested landscapes. Hedgerows, in 
essence consisting of forest edge only, could even increase 
the abundance of some forest-associated species in farmland 
(Pollard and Relton 1970; Butet et al. 2006). On the other 
hand, edges have a negative impact on species preferring 
the habitat interior (Mills 1995; Stevens and Husband 1998; 
Haapakoski and Ylönen 2010; Panzacchi et al. 2010). Yet, 
the spatial extent of edge effects has rarely been studied 
quantitatively in small mammals (but see Williams and 
Marsh 1998; Mazzamuto et al. 2018), despite the substantial 
conservation implications. For instance, grassy margins 
supporting wildlife in agricultural landscapes influence 
crop yields and thus the effectiveness of such a conservation 
measure depends on the optimization of conditions at these 
margins. Finally, edge effects are not ubiquitous (Heske 
1995; Kingston and Morris 2000); therefore, they should be 
analyzed during examinations of conservation value in each 
particular region, habitat type, and species complex.

In this study, we tested for the effect of habitat edges 
on rodent populations at the margins of an agricultural 
landscape at the community and species levels. We com-
pared relative abundances of rodent species and their total 
abundance at ecotones between a forest and different types 
of agricultural land (i.e., grasslands, rapeseed, and cereal 
fields) to detect the most suitable ecotone for rodents. We 
hypothesized that (1) the species richness and abundance 
of rodents are higher in ecotones than in open land and 
the forest interior and (2) grasslands support more rodent 
species and have a higher total abundance compared with 
rapeseed and cereal fields, which support mainly granivo-
rous species. We quantified the edge effect spatially to 

improve the development of conservation strategies for 
small mammal populations in agricultural landscapes.

Methods

Study species

Our study focuses on four species, the bank vole (Myodes glare-
olus Schreber, 1780), yellow-necked mouse (Apodemus flavicol-
lis Melchior, 1834), striped field mouse (Apodemus agrarius 
Pallas, 1771), and field vole (Microtus agrestis Linnaeus, 1761). 
All four species are mainly herbivorous and granivorous with 
small proportions of invertebrates in their diet. The bank vole 
prefers forested habitats of different type and age; the yellow-
necked mouse opportunistically occupies various types of for-
ests and agricultural landscapes; the striped field mouse prefers 
grassy margins and heterogeneous farmland); the field vole 
thrives in open habitats (especially grasslands) with medium-
height and tall vegetation (MacDonald and Barrett 1993). All 
species are abundant and widespread in the study area.

Study area

The study was conducted in 2014 and in 2018 in Estonia, north-
ern Europe, in three areas located near Tartu (58°27′ N 26°32′ 
E), Viljandi (58°19′ N 25°44′ E), and Põlva (58°04′ N 26°59′ E 
in 2014 and 57°59′ N 27°01′ E in 2018), 50–100 km from each 
other (Fig. 1A). In each of the three areas, ecotones between a 
forest (mostly middle-aged mixed forests) and three types of 
open agricultural land (grassland, rapeseed oil field, and cereal 
field; Fig. 1B) were selected, for a total of nine plots annually. 
In the study area, ecotones are rather abrupt transitions from 
forest to crop field. Estonian managed forests are kept in rather 
natural conditions and the forest interior does not differ drasti-
cally from edges (e.g., undergrowth is not removed in managed 
forests), other than lower foliage and the occurrence of bushes 
on edges. Grasslands included permanent grasslands (Viljandi) 
and 1- or 2-year grasslands, formed on a rotational basis (Tartu, 
Viljandi). Owing to the lack of similar types of grasslands in 
all study areas, the two types of grasslands were pooled for 
analyses. Among cereal fields, wheat was included once (Tartu) 
and barley twice (Viljandi and Põlva) in 2014, and barley was 
included once (Viljandi) and wheat twice (Tartu and Põlva) in 
2018, according to the availability of crop types. Trapping was 
conducted only at unharvested crop fields.

Trapping of rodents

In each study plot, three replicate trapping transects were 
established. Each transect included seven trap groups, 
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10 m apart from each other, starting in the forest 30 m 
from the edge and ending in open land 30 m from the 
edge (Fig. 1C). In each trap group, five traps were placed 
in a circle with diameter up to 2 m; traps were located 
at least 0.5 m apart from each other (Fig. 1D). On the 
edge, the diameter was usually smaller to ensure that 
traps were located exactly on the edge. Sherman large box 
traps (7.6 × 8.9 × 22.9 cm) baited with black bread, which 
was warm-flavored by sunflower oil, were used. Only a 
few traps were disarmed due to activity of large animals 
(Table 1).

Trapping was conducted from 25 July to 18 August in 2014 
and from 2 to 27 August in 2018, i.e., in late summer when 

the rodent abundance reaches its annual peak (van Apeldoorn 
et al. 1992; Heroldovà et al. 2007; Väli and Tõnisalu 2021), 
and the temperatures were sufficient to prevent the avoidance of 
metal traps. To avoid the effects of harvesting, rodents were only 
trapped for two consecutive nights in each plot. Traps were set 
up in the evening and checked the next morning. The number of 
trapped animals in each 5-piece trap-group did not exceed three; 
hence, our trapping did not suffer from oversaturation and our 
estimates on species relative density and richness are accurate 
despite the short trapping sessions. Captured rodents were iden-
tified to the species level and marked by cutting a small piece 
of body hair to detect re-trapped individuals. As the number of 
recaptures was low (13.6% of all captures) and our aim was to 

Fig. 1   Design of the study. A 
Location of the three study 
areas in Estonia (location in 
Europe is shown in the upper 
left corner). B Each study area 
contained lines of trap groups in 
three different ecotone types. C 
Each type of ecotone contained 
three replicates of lines of trap 
groups. D Each trap group con-
sisted of five Sherman box traps

Table 1   Relative abundances (% 
of traps with respective species) 
of rodents in 2014 and 2018 in 
or next to different crop types

Number of 
trap-nights

All rodents 
(n = 241)

Striped 
field
Mouse 
(n = 16)

Yellow-necked 
mouse (n = 91)

Bank vole 
(n = 129)

Field 
vole 
(n = 5)

Open habitat 1618 2.1 0.4 1.1 0.4 0.3
Rapeseed 539 4.3 0.6 2.6 1.1 0
Grassland 539 0.9 0.4 0 0 0.6
Cereal 540 1.1 0.2 0.6 0.2 0.2
Forest 1620 10.5 0.1 3.2 7.3 0
Rapeseed 540 11.1 0 3.7 7.4 0
Grassland 540 11.7 0 3.2 8.5 0
Cereal 540 8.7 0.2 2.6 5.9 0
Edge 537 7.1 1.7 4.3 0.9 0.2
Rapeseed 178 6.2 1.1 4.5 0 0.6
Grassland 180 10.6 3.3 6.1 1.1 0
Cereal 179 4.5 0.6 2.2 1.7 0
TOTAL 3775 6.4 0.4 2.4 3.4 0.1
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estimate relative abundance (not absolute abundance), recap-
tures were excluded from further analysis.

Data analysis

Data analysis was conducted hierarchically. We first compared 
abundances and species richness in three main habitat types 
(forest, open land, edge). Second, we assessed differences in 
abundances and species richness in different crop types (data 
from edges and forests excluded) and edge effects in relation 
to various crop types, indicated as significances of interactions 
between habitat factors (crop type vs general habitat type (open 
land and edge or forest and edge; third habitat type excluded in 
both cases)). Third, we quantified edge effect by comparing spe-
cies richness and abundances at various distances from the edge. 
Here, we separately analyzed effects of distance from edge into 
open land and forest interiors, which enabled us to test for sig-
nificance of various distances (groups) from the edge (intercept 
in models). Again, we excluded forest data when quantifying 
edge effect in open land and, vice versa, we excluded opn land 
data when quantifying edge effect in forest.

We used generalized linear models (GLMs) with Poisson 
error distribution and logarithmic link function, because the 
ratio between the residual deviance and degrees of freedom 
indicated no over-dispersion of the data for the Poisson distri-
bution; a test of overdispersion using the dispersiontest function 
in the R package AER v. 1.2–9 (Kleiber and Zeileis 2008) indi-
cated only slight overdispersion (< 1.15). The number of spe-
cies (0–2; relative species richness) or trapped individuals (0–3; 
relative abundance) in each trap group per trap night were used 
as dependent variables and biotope (forest, edge, or open land), 
crop type (grassland, rapeseed, or cereal) or distance from the 
edge (0, 10 m, 20 m, or 30 m) as categorical descriptive factors. 
Year (2014 and 2018) and study area (Põlva, Tartu, Viljandi) 
were included as blocking variables. Due to low number of lev-
els, these variables were treated as fixed (not random) factors. 
The significance of models was evaluated using likelihood-ratio 
tests with chi-square approximation by comparing models with 
and without predictors. Tukey post hoc tests were conducted 
using the R package multcomp (Hothorn et al. 2008) to detect 
significant differences between specific levels. R 4.0.0 (R Core 
Team 2020) in RStudio 1.2.5042 (R Studio Team 2016) was 
used for data analysis.

Results

Most of the 241 rodents, trapped during 3775 trap nights, 
were bank voles (53.5%) and yellow-necked mice (37.8%), 
while striped field mice (6.6%) and field voles (2.2%) were 
trapped only occasionally (Table 1).

The general habitat type significantly influenced the 
species richness and relative abundance of the three spe-
cies (pooled). The abundance was significantly higher at 
edges than in open habitats (GLM post hoc Tukey contrasts 
for species richness: z = 3.92, Padj < 0.001 and abundance: 
z = 4.74, Padj < 0.001) as well as in forest than in open 
land (species richness: z = 6.46, Padj < 0.001, abundance: 
z = 7.51, Padj < 0.001). No difference between the forest 
and edge was found (species richness: z = 1.40, Padj = 0.33, 
abundance: z = 1.54, Padj = 0.26). In all models evaluating 
differences between general habitat types, year had only 
marginal effect (z = 0.27–0.34, Padj = 0.035–0.081), and 
only two study areas (Tartu and Põlva) differed from each 
other significantly (z = 0.93–1.31, Padj < 0.001).

Among open habitats, rodent abundance was highest in 
rape fields (GLM: χ2 = 15.26, df = 2, P < 0.001, Tukey con-
trasts with the other two crop types: z = 2.93, Padj = 0.009), 
being similarly low in other two crop types. However, the 
positive effect of edge was strongest next to grasslands 
(Fig. 2A), indicated by a significant interaction of habitat 
types (open/edge) in grasslands (in GLM of species rich-
ness: z = 3.08; P = 0.002 and abundance: z = 2.96; P = 0.003). 
However, the crop type did not affect the edge effect in 
forests (interactions in GLM of species richness: z < 0.9; 
P > 0.33 and abundance: z < 1.1; P > 0.28). Compared with 
edges, a significantly lower abundance was recorded at all 
distances into open habitat interior (Table 2), indicating that 
the extent of the edge effect was < 10 m. In forests, a higher 
abundance was found only at 30 m from the edge (Table 3).

The relative abundance of the bank vole was signifi-
cantly influenced by general habitat types. This species 
preferred forests over edges (Tukey contrasts: z = 4.07, 
Padj < 0.001) and open habitats (z = 6.59, Padj < 0.001), but 
no difference was found between edges and open habitats 
(z = 1.07, Padj = 0.51). We did not analyze the edge effect 
towards open habitat in a statistical framework owing to 
the low number of bank voles. However, we detected a 
gradual increase in abundance towards the forest interior; 
the abundance was significantly higher already at 10 m 
from the edge (Table 3). A different pattern was found only 
next to grasslands, where the density was equally high at 
all distances from the edge (Fig. 2B).

The abundance of the yellow-necked mouse also dif-
fered significantly among the three main habitat types: 
the species was found in edges (Tukey contrasts: z = 3.62, 
Padj < 0.001) and forests (z = 3.59, P adj < 0.001) more often 
than in open habitats. No difference between forests and 
edges was detected (z = 0.71, P adj = 0.76). The abundance 
was significantly higher at edges than at any distance 
towards the interior of open land; no edge effect was found 
towards the forest interior (Tables 2 and 3). The greatest 
difference between edges and open habitats was recorded 
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in grasslands; however, the difference was only subtle in 
cereal fields and absent in rape fields (Fig. 2C).

The relative abundance of the striped field mouse was 
higher at edges than in forests (Tukey contrasts: z = 3.0, 

P = 0.007) and open habitats (z = 2.6, P = 0.025), with no 
difference between the latter two habitat types (z = 1.66, 
P = 0.21). In open habitats, the abundance of the striped 
field mouse was lowest at 10 m from the edge; however, 

Fig. 2   Relative abundances 
(loess-smooths of mean number 
of individuals trapped in a 
5-trap group) of A all rodents, B 
bank voles and C yellow-necked 
mice at various distances from 
the ecotone in grasslands green 
solid line), cereal (blue-dotted 
line) and rapeseed (purple-
dashed line). Shading indicates 
95% confidence intervals
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the small sample size limited the quantitative analysis of 
the edge effect (Table 2).

Discussion

We detected most rodent individuals in forests, with a simi-
lar abundance at ecotones and significantly fewer individuals 
in open land. Despite the low number of detected species, we 
observed the same pattern in an analysis of species richness. 
Our methodological approach might not effectively capture 
the full species richness and abundance. An additional trap 
type (e.g., pitfall) and longer trapping period would increase 

the numbers of trapped individuals and species. However, 
given that our aim was not to estimate total species richness 
and abundances but to study habitat associations (by com-
paring relative abundances in different habitats or parts of 
habitats), we believe that our data were sufficient. Addition-
ally, larger study would enable also more detailed analysis 
of different vegetation types at edges and in various habitats. 
Therefore, we limit our conclusions only to three agricultural 
land use types and do not analyze effects of vegetation in 
forests.

Relatively high species richness or abundance at ecotones is 
a rather universal pattern (Wiens 1976). For instance, there is 
a strong edge effect among plants in forest–grassland borders 

Table 2   Effects of the distance from the edge on the relative abun-
dance of rodents in open farmland, presented as significance in 
GLMs. Study area and year were included as blocking factors. Inter-
cept indicates the border between forest and open land. Results of 
post hoc tests are presented in the text

Estimate ± SE z P

Species richness χ2 = 19.14, df = 2, P < 0.001
Intercept  − 1.06 ± 0.34  − 3.13 0.001
10 m  − 0.69 ± 0.33  − 2.12 0.034
20 m  − 1.72 ± 0.49  − 3.55  < 0.001
30 m  − 0.93 ± 0.36  − 2.63 0.008
Study area (Tartu) 0.42 ± 0.30 1.43 0.152
Study area (Viljandi)  − 0.64 ± 0.39  − 1.64 0.100
Year (2018)  − 0.64 ± 0.28  − 2.32 0.021
Total abundance χ2 = 28.27, df = 2, P < 0.001
Intercept  − 1.01 ± 0.31  − 3.21 0.001
10 m  − 0.81 ± 0.30  − 2.70 0.007
20 m  − 1.97 ± 0.48  − 4.14  < 0.001
30 m  − 0.94 ± 0.31  − 3.00 0.002
Study area (Tartu) 0.48 ± 0.28 1.74 0.082
Study area (Viljandi)  − 0.27 ± 0.33  − 0.81 0.412
Year (2018)  − 0.55 ± 0.24  − 2.23 0.026
Abundance of the yellow-necked mouse χ2 = 14.14, df = 2, 

P = 0.002
Intercept  − 1.47 ± 0.43  − 3.43  < 0.001
10 m  − 0.86 ± 0.42  − 2.05 0.040
20 m  − 1.56 ± 0.55  − 2.83 0.005
30 m  − 1.33 ± 0.50  − 2.66 0.008
Study area (Tartu) 0.21 ± 0.37 0.56 0.578
Study area (Viljandi)  − 0.61 ± 0.47  − 1.32 0.187
Year (2018)  − 0.95 ± 0.37  − 2.57 0.010
Abundance of the striped field mouse χ2 = 14.28, df = 2, P = 0.002
Intercept  − 3.38 ± 1.07  − 3.15 0.002
10 m  − 2.08 ± 1.06  − 1.96 0.050
20 m  − 17.55 ± 1393.34  − 0.01 0.991
30 m  − 0.47 ± 0.57  − 0.82 0.410
Study area (Tartu) 1.94 ± 1.07 1.82 0.068
Study area (Viljandi) 1.79 ± 1.08 1.65 0.097
Year (2018)  − 0.91 ± 0.59  − 1.55 0.121

Table 3   Effects of the distance from the edge on the relative abun-
dance of rodents in forest, presented as significance in GLMs. Study 
area and year were included as blocking factors. Intercept indicates 
the border between forest and open land. Results of post hoc tests are 
presented in the text

Estimate ± SE z P

Species richness χ2 = 5.68, df = 3, P = 0.128
Intercept  − 1.80 ± 0.29  − 6.11  < 0.001
10 m 0.10 ± 0.26 0.39 0.696
20 m 0.22 ± 0.25 0.88 0.379
30 m 0.51 ± 0.24 2.17 0.030
Study area (Tartu) 1.27 ± 0.22 5.61  < 0.001
Study area (Viljandi) 0.08 ± 0.23 0.27 0.782
Year (2018)  − 0.12 ± 0.17  − 0.76 0.449
Total abundance χ2 = 10.97, df = 3, P = 0.002
Intercept  − 1.67 ± 0.27  − 6.19  < 0.001
10 m  < 0.01 ± 0.24 0.00 1.000
20 m 0.20 ± 0.25 0.89 0.371
30 m 0.57 ± 0.21 2.76 0.006
Study area (Tartu) 1.49 ± 0.21 7.00  < 0.001
Study area (Viljandi) 0.20 ± 0.26 0.77 0.439
Year (2018)  − 0.18 ± 0.15  − 1.19 0.234
Abundance of the bank vole χ2 = 47.07, df = 3, P < 0.001
Intercept  − 3.79 ± 0.57  − 6.61  < 0.001
10 m 1.70 ± 0.55 3.14 0.002
20 m 1.79 ± 0.54 3.32  < 0.001
30 m 2.53 ± 0.52 4.86  < 0.001
Study area (Tartu) 1.58 ± 0.28 5.58  < 0.001
Study area (Viljandi)  − 0.22 ± 0.39  − 0.58 0.564
Year (2018)  − 0.36 ± 0.20  − 1.79 0.073
Abundance of the yellow-necked mouse χ2 = 2.26, df = 3, 

P = 0.521
Intercept  − 2.36 ± 0.42  − 5.62  < 0.001
10 m  − 0.31 ± 0.35  − 0.87 0.386
20 m 0.05 ± 0.32 0.16 0.873
30 m  − 0.38 ± 0.36  − 1.05 0.292
Study area (Tartu) 1.41 ± 0.36 4.00  < 0.001
Study area (Viljandi) 0.41 ± 0.41 0.99 0.321
Year (2018)  < 0.01 ± 0.24 0.00 1.000
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(e.g., shrubs, trees, and bryophytes; Luczaj and Sadowska 
1997). Larger ecotone areas between agricultural landscapes 
and forests could increase the abundance and diversity of bum-
blebees (Sepp et al. 2004; Sõber et al. 2020) and wide edge 
habitats next to arable fields can support a high abundance of 
butterflies (Pe’er et al. 2011). However, exceptions to these pat-
terns occur too (Kark 2013) and various edges may have inter-
acting effects (Porensky and Young 2013). In the current study, 
species-specific patterns revealed whether the high abundance 
and diversity of rodents reflected a positive edge effect per se 
or just the proximity to forest habitats.

The most abundant species in ecotones was the yellow-
necked mouse, but the striped field mouse also preferred 
edges. Both species are frequently recorded at edges of 
crop fields and on cultivated landscapes (Kozakiewicz et al. 
1999; Marsh et al. 2001). We detected the highest abundance 
of yellow-necked mouse at the border between forest and 
grassland. Similarly, a positive edge effect on rodents has 
been found in delayed hay fields in prairies (Pasitschniak-
Arts and Messier 1998). However, grasslands themselves 
harbored relatively low densities of yellow-necked mice 
among open habitats. This is surprising in the context of 
the critical role of grasslands in shaping the distribution 
and abundance of various rodents and thus the food web 
in general (Bretagnolle et al. 2011). A low abundance in 
grasslands in our study might be explained by the high share 
of intensively managed hayfields (mowed 2–3 times a year), 
which is a poor habitat for small mammals (Garratt et al. 
2012; Fischer and Schröder 2014), and the low proportion of 
permanent unfertilized meadows (mowed only once a year), 
a favorable habitat for rodents. Nevertheless, our results sup-
port the view that there is a positive effect of grasslands and 
indicate that adjacent forests (ecotone) support the utiliza-
tion of these areas by rodents.

In the current study, the edge effect on yellow-necked 
mouse was only subtle at edges of cereal fields and the spe-
cies was detected at all distances in rape fields. This is in line 
with the results of previous studies showing the importance 
of rapeseed for the closely related Ural field mouse Apode-
mus uralensis Pallas, 1811 during the reproductive period 
(Heroldovà et al. 2004). In addition to large quantities of 
food for granivorous rodents, such as Apodemus species, 
rapeseed fields provide cover against avian predators (Panek 
and Hušek 2014). Additionally, cereal crops, such as barley 
and wheat, provide favorable conditions for voles for repro-
duction and foraging until harvest; several mouse species 
may stay in cereal fields until plowing, but such fields even-
tually become unsuitable (Heroldovà et al. 2007). Finally, 
although Apodemus species use open habitats for foraging, 
the forest provides more opportunities for hiding and should 
be nearby (Kozakiewicz et al. 1999); hence, edges may just 
be a pathway between forests and open land, as suggested by 
the marginal edge effect found in the current study.

On the other hand, edges have a negative impact on 
species preferring the habitat interior (Mills 1995; Stevens 
and Husband 1998; Haapakoski and Ylönen 2010; Panzacchi 
et al. 2010). Forest edges are associated with a high mortality 
due to a higher occurrence of predators and lower vegetation 
cover (Ferguson 2004; Orrock et al. 2004; Mirski and Väli 
2021); differences may also arise from differences in forest 
productivity (Mills 1995). The high total abundance of rodents 
in forests, especially next to grasslands, was mainly driven by 
the bank vole, previously identified as typical forest-dwelling 
species (van Apeldoorn et al. 1992; Kozakiewicz et al. 1999; 
Marsh et al. 2001; Alejūnas and Stirkė 2010; Balestrieri 
et al. 2015; Benedek and Sîrbu 2018). Moreover, we found a 
negative edge effect on the abundance of the bank vole, as its 
numbers increased towards the forest interior. Interestingly, a 
lower abundance of bank vole in the forest interior, compared 
with the edge, was detected in Italy (Mazzamuto et al. 2018). 
Different patterns may be explained by the different scales, 
since traps were set at 50 and 100 m from the edge in the Italian 
study (Mazzamuto et al. 2018), whereas we studied edge 
effects up to 30 m towards the forest interior. Alternatively, 
these differences may be explained by the spatial variability 
of responses. To summarize, the preferential use of edges by 
the rodent community may be explained by a combination of 
factors. For example, it may be explained by the avoidance of 
open land (bank vole), an inevitable consequence of movement 
between foraging and roosting habitats (striped field mouse), 
or a combination of various responses to edges and different 
crop types (yellow-necked mouse).

Maintaining natural grasslands at edges of arable fields 
is a well-known method to preserve biodiversity in agricul-
tural landscapes; however, this reduces the income of farm-
ers (Ausden 2007). The abundance and species richness of 
rodents were significantly lower at all distances from the 
edge, indicating that a positive edge effect of ecotones did 
not exceed 10 m. This suggests that “green margins” sur-
rounding arable fields may be rather narrow for supporting 
small mammals and thus affordable to farmers interested 
in supporting biodiversity in and adjacent to their crops; in 
other ecosystems where the habitat change is less dramatic 
than at edges between forest and farmland, the extent of edge 
effect may be different. Furthermore, the lower abundance 
on grasslands and the positive effect of grasslands towards 
the forest interior suggest that grassy margins may effec-
tively reduce crop damage by granivorous rodents (Jacob 
et al. 2013), which are expected to stay in ecotones with 
sufficient food resources and opportunities for hiding. In 
conclusion, our results show that edges between forests and 
farmland harbor a viable community of rodents, including 
species with contrasting habitat preferences.
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