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Abstract
The population decline of the European hare (Lepus europaeus) in Switzerland is generally attributed to low leveret
survival. A significant intensification of agricultural practices led to a landscape transformation that reduced leveret
survival by increasing negative factors such as predation pressure. Habitat improvement by means of wildflower strips
has yielded some positive effects on European hare population trends, probably by improving food supply and providing
year-round cover from predation. For this study, remote cameras were used to examine relationships between landscape
and wildflower strip variables and the frequency of predator visits to wildflower strips as well as the probability of them
visiting core areas of the strips. Of a total of 1586 visits of potential predators to wildflower strips, 91% were mammals
and 9% were birds. Predators were more frequently observed at the edges of the wildflower strips than in their cores
(72% of visits by mammalian predators and 76% by avian predators were at the edge). The results revealed that the
frequency of observing predators was negatively correlated with adjacent crop height and the distance of the wildflower
strip from settlements, roads and forests or hedgerows. The probability of a predator penetrating the core of the
wildflower strip was negatively correlated with the vegetation cover, especially with the cover of wood, herbaceous
plant species and teasel (Dipsacus fullonum). Appropriate management of wildflower strips by considering their spatial
placement, creating low margin to surface area ratios and promoting heterogeneous wildflower structure can thus lead to
reduced predator pressure on leverets as well as on ground-nesting birds.
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Agri-environment schemes

Introduction

Agri-environment schemes (AES) have been established
throughout Europe to halt and reverse biodiversity declines
in farmland. The benefits of AES differ between different taxa
(Kleijn et al. 2006). For the European hare (Lepus europaeus),
AES indicate some positive effects on population trends, al-
though the quantity and quality of habitat improvements are
still not sufficient for an effective and sustainable enhance-
ment (Tapper 2001; Zellweger-Fischer et al. 2011;
Langhammer et al. 2017). Adult European hares select AES
elements for feeding and resting (Petrovan et al. 2013; Schai-
Braun et al. 2013), but it remains unclear to which extent these
elements contribute to the fertility or survival of hares (see
Discussion in Petrovan et al. 2013).

The decline of European hare populations is thought to be
caused by the interaction of multiple factors like climate, hab-
itat and predation, which influence resource availability,
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reproduction and survival (Hoffmann 2003; Smith et al. 2004;
Olesen and Asferg 2006; VanWieren et al. 2006). As a typical
species of the open country, the hare is greatly affected by
agricultural activities (Tapper and Yalden 2010). Therefore,
significant land-use changes due to the intensification of agri-
cultural practices, especially those involving increased
mechanisation, habitat fragmentation and urbanisation, have
led to a loss of habitat diversity and are thought to be the main
cause of the decline (Smith et al. 2004, 2005; Pépin and
Angibault 2007; Schai-Braun et al. 2015).

Important mortality factors for young hares or leverets in-
clude climatic influences, especially high precipitation and
cold temperatures during the most vulnerable phase of repro-
duction in spring (Hoffmann 2003; Hackländer 2005; Tapper
and Yalden 2010), and losses due to intensive farming prac-
tices (Voigt 2010). However, the primary cause of death for
leverets seems to be predation, which may comprise more
than 80% of the annual losses (Voigt 2010). The number of
hares eaten by predators can easily exceed their breeding den-
sity and may amount to 100% of their annual production
(Reynolds and Tapper 1995). Red foxes (Vulpes vulpes) are
often considered to be the most important hare predators
(Hoffmann 2003; Schmidt et al. 2004; Tapper and Yalden
2010) but almost all carnivorous species like badgers (Meles
meles), wild boars (Sus scrofa) or various bird species prey
upon leverets if they come across them by chance (Averianov
et al. 2003).

The influence of predation on the decline of the European
hare population has been the subject of controversy.
Population densities of predators, particularly red foxes, are
often found to be negatively correlated with hare densities,
and the implementation of efficient predator control leads to
an increase in hare numbers (Lindström et al. 1994; Hoffmann
2003; Schmidt et al. 2004; Panek et al. 2006; Maas 2010;
Reynolds et al. 2010). But fox control is usually ineffective
if executed on a local scale, due to compensatory immigration
(Lieury et al. 2015), and many researchers conclude that, as
the two species have coexisted for thousands of years, the
influence of the predator on populations of its prey is mainly
dependent on landscape structure (Schneider 2001; Olesen
and Asferg 2006). Therefore, habitat improvements providing
year-round cover for hares may reduce the probability of them
being detected by predators, thus decreasing predation pres-
sure (Vaughan et al. 2003; Panek 2009).

Habitat selection analyses have shown that the European
hare prefers wildflower strips or agri-environment field mar-
gins and their immediate surroundings for both foraging and
resting (Baumann 2003; Vaughan et al. 2003; Smith et al.
2004; Tillmann et al. 2007; Kinser et al. 2010; Petrovan
et al. 2013, Wagner et al. 2014). Habitat improvement by
means of creating wildflower strips has had some positive
effects on European hare population trends, especially on ar-
able land (Hutchings and Harris 1996; Holzgang et al. 2005;

Perron 2013; Meichtry-Stier et al. 2014; Langhammer et al.
2017). Such heterogeneous habitat structures provide year-
round cover, which protects against predation, adverse weath-
er conditions and agricultural practices, and may enhance the
survival probability of leverets (Hackländer et al. 2002a;
Smith et al. 2004; Jennings et al. 2006), but studies on the
survival of leverets in wildflower strips have not yet been
published. At our study site in Switzerland, we regularly find
leverets in wildflower strips, but we do not know whether
female hares select these places to give birth (Weber 2017).
Furthermore, wildflower strips offer food with a high fat con-
tent, which enhances milk quality and hence the growth rate of
leverets, making them less prone to predation pressure
(Hackländer et al. 2002b; Schai-Braun et al. 2015).

The risk to a leveret of being killed by predators is not only
dependent on the density of predators and of cover, but it may
also be influenced bywhether predators decide to forage in the
near surroundings of the leverets’ hiding place. Like the eggs
and chicks of ground-nesting birds, including lapwings
(Seymour et al. 2003), other waders (Meisner et al. 2014)
and skylarks (Yanes and Suarez 1996), leverets may not be
prime targets of foxes and other predators, but killed as by-
catch whenever encountered by predators whose foraging be-
haviour is optimised for more abundant prey such as rodents.

Linear strips dominated by long-stemmed grasses, often
with shrubs growing within them, are more likely to be visited
by carnivores than the surrounding farmland (Šálek et al.
2009); their use of such corridors is not influenced by the
amount of shrub cover. Carnivores may visit the strips because
of the elevated abundance of potential prey in them and be-
cause they function as ‘movement corridors’ (Šálek et al.
2009). The fine-scale spatial preference of predators for edge
structures increases the predation risk to leverets and to
ground-nesting birds in such places. Wildflower strips are lin-
ear elements providing an attractive combination of cover and
high densities of rodents (Briner et al. 2005) for carnivores,
and they could therefore act as an ecological trap (Šálek et al.
2010;Červinka et al. 2011; Svobodová et al. 2011) for leverets
and ground-nesting birds. A field experiment with lures has
shown that carnivores concentrated their foraging activity at
the edge of wildflower strips, while leverets in the interior
were comparatively well protected (Fernex et al. 2011). This
finding suggests that, in order to protect leverets (and ground-
nesting birds), wildflower strips with a given surface area
should preferably be wide and short, rather than narrow and
long, to minimise the margin to surface area ratio.

The general goal of this study was to verify the results of
Fernex et al. (2011) by using remote cameras to avoid the
impact of lures, and, based on our findings, to identify the
factors that may influence the frequency with which predators
visit wildflower strips, and the probability of predators pene-
trating the strips. Specifically, we investigated whether there is
any difference in the visit frequency between the wildflower
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strip edge or margin and the core area of the strip. We
hypothesised (H1) that the wildflower strip edges are more
attractive to visiting predators, and thus are more intensely
foraged, than the core areas. Furthermore, we investigated
whether any local landscape variables attract predators to a
wildflower strip. We hypothesised (H2) that the frequency
with which predators visit a wildflower strip is influenced by
its distance to permanent landscape elements that are impor-
tant for predators, such as forests, hedges, roads and settle-
ments. Finally, we investigated whether any variables of wild-
flower strips or their immediate surroundings induce predators
visiting the strip to penetrate into its interior or to remain along
its edge. We hypothesised (H3) that the probability of mam-
malian predators foraging in the core area of a wildflower strip
depends on the structure of the wildflower strip and the adja-
cent agricultural crops.

Materials and methods

Study area

The study was conducted in north-western Switzerland in the
canton of Basel-Landschaft (518 km2, WGS84 47° 27′ N, 7°
45′ E). Elevation ranges from 250 to 1170 m above sea level;
the yearly precipitation is approximately 900 mm and the
ave rage yea r ly t empera tu re l i e s a round 10 °C
(MeteoSchweiz 2014). Plants in the study area are mostly
dormant from October to late March/early April
(MeteoSchweiz 2014). The region is comprised of a small-
scale mosaic of forests, farmlands and settlements. The canton
has a high population density (547 people/km2) leading to a
high degree of landscape fragmentation (Statistisches Amt
2016). Domestic cat (Felis silvestris catus) density in
Switzerland is high (0.4 cats/household; Statista 2016), and
fragmented settlement boundaries are known to increase the
influence of domestic cats in the surrounding agricultural
landscape (Schneider 2001). Urban area covers 17%, forests
38% and agriculture 41% of the territory. Agricultural produc-
tion is dominated by grassland (69%), followed by arable land
(28%) with crop rotation; wildflower strips comprise only
0.2% of the cultivated area (Statistisches Amt 2016).
Wildflower strips in the canton of Basel-Landschaft must be
sown with a specified seed mixture comprising 35 indigenous
plant species (arable weeds and species of ruderal sites and
areas), having a minimum area of 20 ares (0.2 ha) and a min-
imum width of 9 m, and must be cultivated for at least six
consecutive years in the same place (Kaufmann et al. 2015).
The maintenance of the wildflower strips consists of selective,
mechanical control of problem plants and, beginning with the
second year, up to half of the strip may be mown between
October and mid-March if problems arise (problematic plant
species, overgrowing with grass). During the third and fourth

winters, the mown strip area may be harrowed and milled
(Kaufmann et al. 2015). At the beginning of 2016, farmers
in the canton cultivated 118 wildflower strips. Of these, 64
were selected for this study.

Compared to other European countries, European hare
population densities in Switzerland are low. Population esti-
mates based on spotlight counts in the canton of Basel-
Landschaft in selected reference areas range between 0.2
and 4.6 individuals/100 ha (Zellweger-Fischer 2015).

For this study, all mammalian and avian species that prey
upon voles (Arvicolinae) and larger prey species were consid-
ered to be potential predators of leverets. Within the study
area, this assumption applies to the following regularly occur-
ring species (Fernex et al. 2011): mammalian predators: do-
mestic dog (Canis lupus familiaris), domestic cat, wildcat
(Felis silvestris silvestris), stone marten (Martes foina), pine
marten (Martes martes), badger, European polecat (Mustela
putorius), wild boar and red fox; avian predators: grey heron
(Ardea cinerea), long-eared owl (Asio otus), Eurasian eagle
owl (Bubo bubo), common buzzard (Buteo buteo), white stork
(Ciconia ciconia), common raven (Corvus corax), carrion
crow (Corvus corone), rook (Corvus frugilegus), common
kestrel (Falco tinnunculus), black kite (Milvus migrans), red
kite (Milvus milvus) and tawny owl (Strix aluco).

Data collection

At the beginning of 2016, 118 wildflower strips that could be
used for the survey were identified. In the following month,
the available number of wildflower strips was reduced by
approximately 20 to 30 (due to new seeding after damage,
loss of floristic diversity, dominance of weeds or neophytes
or expiring contracts). Freshly seeded wildflower strips were
not included in the survey. Wildflower strips were chosen
systematically from the remaining dataset to enable the equal
distribution of the variables area and age. We characterised
wildflower strips by defining categories of area (≤ 0.25,
0.26–0.5, 0.51–0.75, > 0.75 ha) and of age (≤ 1, 2, 3, 4, 5, 6,
> 6 years).

Between 6 February and 27 May 2016, a total of 64 wild-
flower strips were surveyed. Each wildflower strip was
equipped with a pair of remote cameras of the same camera
type, to keep constant within sites unknown biases, such as
animal responses to camera traps (Meek et al. 2016). The
positions of the cameras were chosen randomly by dividing
the perimeter of the strip into 10-m segments, excluding sec-
tions along roads. The first remote camera was placed on the
boundary line, between the wildflower strip and the adjacent
agricultural field; the second was positioned facing parallel to
the first one, at a distance of 6 m into the interior of the
wildflower strip (this allowed us to avoid placing the interior
camera too close to the opposite boundary line in narrow
strips). The camera direction was always chosen to point away
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from the nearest road. The cameras were mounted on wooden
poles 1.5 m tall. The top of each pole was equipped with four
thin wooden sticks to make it impossible for birds of prey to
perch on the poles and use them as lookout. Vegetation was
cut back in an area of 1 mwidth and 4m length in the direction
of the camera’s field of view, to ensure an unobstructed trigger
range and to enhance detection probability. The far end of this
cut area was marked with two unobtrusive bamboo sticks. The
camera lens was installed at 1 m above the ground and the
mounting angle of the camera was 20°. Due to the equal in-
stallation height and mounting angle of the cameras and the
reduced vegetation height within their trigger range, the de-
tection areas were identical for all cameras and were restricted
to a maximum distance of 4 m, which is the effective detection
distance for the predators (Hofmeester et al. 2016). In total, 78
remote cameras of different types were used for this study, but
not all were available for the entire study period. As far as
camera type allowed, infrared (IR) flash was used (as it re-
duced the visibility of the cameras for animals and potential
thieves). The camera types and numbers of each used were as
follows: × 24 Cuddeback Capture Model 1125 colour flash, ×
7 Cuddeback Ambush Model 1170 colour flash, × 21
Cuddeback C multiple flash IR (Cuddeback models: Green
Bay, WI, USA), × 22 Reconyx HC600 Hyperfire IR, × 2
Reconyx XR6 Ultrafire IR and × 2 Reconyx RC60 Rapidfire
IR (Reconyx inc., Holmen, WI, USA).

Cameras were set on photograph mode (single shot per
trigger) and the recovery period was set to be as short as
possible (30 s for Cuddeback Capture, 5 s for Cuddeback
Ambush and fast-as-possible mode [0 s.] for Cuddeback C
and all Reconyx models). After setting up the cameras and
when each camera was checked, stations were approached
and left by walking across the camera trigger range to check
for proper operation. If one camera failed (due to damage or
battery failure), images from the other camera in the same strip
for the same time period were not analysed. The survey inter-
val was one to 2 weeks. Several individual predators of the
same species on the same picture were counted as one event. If
an individual of the same species was photographed several
times within a period of 30 min, this was counted as a single
event unless several individuals could be distinguished (by
special identification features, such as mange in foxes or dis-
tinctive coat patterns in domestic cats). Detections of domestic
cats and wildcats were pooled.

The focus was on red foxes and badgers, to ensure
that these naturally occurring predators were well repre-
sented in the data set. The aim was to survey as many
wildflower strips as possible, given the available time
and materials. A pair of cameras was relocated to a
new wildflower strip once the required data were avail-
able (ten photos of red foxes or badgers or 20 photos of
the two species together), or if it seemed unlikely that
the site would generate the necessary data within a

reasonable time-frame (after five consecutive weeks
with no more than one photo of red foxes and/or
badgers).

To characterise the wildflower strips, 22 landscape and
wildflower strip variables were used. Permanent landscape
variables such as distances to settlements, roads, forests and
hedges and the length of boundary line between the road and
the wildflower strip were measured in the GeoView BL (GIS-
Fachstelle BL 2016). Wildflower strip data such as age, area
and perimeter were provided by the Landwirtschaftliches
Zentrum Ebenrain. The number of game tracks crossing the
wildflower strip in sight of the interior camera and corridor
availability (whether or not there was a gap between wildflow-
er strip and adjacent crop) was determined on-site. The factors
vegetation height, species assemblage, percent cover (wood,
teasel [Dipsacus fullonum], grass, herbaceous plants) and the
proportion of vegetation gaps were estimated or measured
along a transect line of 10 m. The transect started 5 m behind
the camera at the edge of the strip and led to the strip interior,
on a line parallel to the line between the two cameras, so as not
to trample the vegetation layer in the detection area. To char-
acterise small mammal abundance, the number of small mam-
mal burrows within 4 m2 was counted in front of the cameras.
The transect line described above was extended 10 m into the
adjacent field tomeasure crop height and to determine the type
of crop (see Appendix, Tables 5 and 6 for a detailed
description of all variables collected for the study).

Most of the survey took place during the winter, when
plants were dormant (MeteoSchweiz 2014), so cover esti-
mates of plants were mainly based on plant remains from
the previous year (dry stems and leaves). Some of these were
abundant in most wildflower strips, as reflected in the two
variables for teasel and herbaceous plants. All plant species
that are referred to as herbaceous plants are listed in Appendix,
Table 7.

Data analyses

Each predator photo was combined with the associated land-
scape and wildflower strip variables (Appendix, Table 5).
Statistical analyses were performed in R (version 3.3.1) (R
Core Team 2016) using the lme4 package (Bates et al.
2015). Variables were tested for correlation and only uncon-
founded variables were used (Spearman’s correlation coeffi-
cient, r < 0.7) to select an independent set of predictors. The
width was highly correlated with area (ρ = 0.83, p < 0.0001).
As the width of each strip was calculated from its area and
perimeter (Appendix, Tables 5 and 6), the area was a more
straightforward variable and was thus used for further
analysis.

To test if strip edges were more attractive to visiting pred-
ators than core areas (H1), we used a two-tailed exact binomial
test (null hypothesis: a 50:50% expected distribution of edge
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and interior photos). The test was performed for potential
predators and also for adult hares.

We applied generalised linear mixed-effects models
(GLMM) to test if the predator visit frequency in a wildflower
strip was influenced by its distance to landscape elements
(H2) and if the probability of mammalian predators foraging
in the core area of a wildflower strip depended on the structure
of the wildflower strip and adjacent agricultural crops (H3).
The GLMM to test H2 was performed using a Poisson distri-
bution and the dependent variable visit frequency (number of
predators per wildflower strip within 30 days), with the asso-
ciated landscape variables (Appendix, Table 5) as independent
variables. The GLMM to test H3 was conducted with a bino-
mial distribution and the dependent variable predator detec-
tion position (observed at the edge or in the interior of the
wildflower strip), with the associated wildflower strip vari-
ables (Appendix, Table 5) as independent variables.

To improve GLMM performance, all numerical indepen-
dent variables were converted with a z-transformation (stan-
dard score). Camera type and wildflower strip identification
number were added to the models as random effects. All fixed
effects were tested for a linear relationship, apart from the
variable age of the wildflower strip, which was additionally
tested for a non-linear relationship. We generated sets of
models with combinations (subsets) of fixed effect terms in
the global model, using the dredge function from the MuMin
package (Barton 2017). We used Akaike’s information crite-
rion adjusted for small sample size (AICc) to rank models
(Crawley 2012). We considered all models with a difference
in ΔAICc ≤ 2 units from the highest-ranking model to have
strong support and computed model-averaged parameter esti-
mates of all these models. Additionally, we calculated cumu-
lative AICc weights (0 ≤ ∑ ωi ≤ 1), to evaluate the relative
variable importance (Arnold 2010).

To look at spatial patterns in our data sets, we ap-
plied geostatistics on the models to test for spatial au-
tocorrelation of the residuals. For this purpose, we used
the variogram function from the gstat package (Korner-
Nievergelt et al. 2015). All calculated variograms

showed no clear spatial patterns, indicating, that the
variation in our predator detections has no spatial
component.

Results

The mean length of the survey period per wildflower
strip was 50.4 days (95% CI = 5.3). In total, the study
consisted of 6454 camera station nights. Overall, a total
of 1586 potential predators of leverets, with an average
visit frequency of 15.3 (95% CI = ± 4.2) predators per
wildflower strip per month (30 days), were detected (cat
[Felis silvestris ssp.]: n = 696, red fox: n = 373, badger:
n = 225, domestic dog: n = 80, marten [Martes sp.]: n =
58, wild boar: n = 11, corvids [Corvus sp.]: n = 112,
grey heron: n = 23, common buzzard: n = 8). Ninety-
one percent of the recorded predators were mammals;
the most frequent predators visiting wildflower strips
were cats (44%), followed by red foxes (24%) and bad-
gers (14%). These three species made up 82% of all
detections. The total number of adult European hares
recorded was 166.

Visit frequency in the core and at the edge of strips

Of the 1443 photos of mammalian predators, 28% were taken
in the cores of the wildflower strips, as opposed to 72% at their
edges (test against 50:50% expected distribution, p < 0.001;
Fig. 1).All mammal species were observedmore frequently at
the edge of the wildflower strips than in their interiors (red fox
64%, p = 0.002, n = 373; badger 77%, p < 0.001, n = 225; cat
73%, p < 0.001, n = 696; Fig. 1). The same was true for avian
predator species (76%, p < 0.001, n = 143; Fig. 1). The prob-
ability of detecting adult European hares did not differ be-
tween the interior and the edge of the wildflower strips
(50%, p = 1, n = 166; Fig. 1).
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Fig. 1 Relative frequency of visitors per unit area at the wildflower strip
(WFS) edge and 95% confidence intervals. WFS visit frequency by
mammalian predators (red foxes, badgers, cats, domestic dogs, martens,

wild boar), avian predators (grey heron, common buzzard, corvids) and
separately red fox, badger, cat and European hare
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Visit frequency and landscape variables

Mammalian predators

According to the model-averaged parameters of all models
ΔAIC ≤ 2, the number of mammalian predators observed per
time interval was negatively correlated with increasing dis-
tance to human settlements (∑ ωi = 0.61), forests/hedgerows
(∑ ωi = 1.00) and the availability of an interspace between
road andWFS (∑ ωi = 1.00; Table 1, Fig. 2a–c). The variables
area, perimeter, boundary line, type of crop, crop height and
distance to forests or hedgerows, when analysed separately,
provided only little information on mammalian predators’ vis-
it frequency at the wildflower strips.

Avian predators

According to the model-averaged parameters of all models
ΔAIC ≤ 2, the number of avian predators observed per time
interval was negatively correlated with increasing crop height
(∑ ωi = 1.00). Visit frequency was lower if the adjacent type of
crop (∑ ωi = 1.00) was cereal and higher if the adjacent crop
was ploughed field, vegetable or rapeseed (others; Table 2).
The variables area, perimeter and distance to settlement, road
interspace, forest, hedgerow and forest/hedgerow, as well as
the length of the boundary line and grassland, provided only
little information on avian predators’ visit frequency at the
wildflower strips.

Penetration probability and wildflower strip variables

Mammalian predators

According to the model-averaged parameters of all models
ΔAIC ≤ 2, the probability of mammalian predators penetrating
into wildflower strip cores rather than remaining along the
edges was positively correlated with increasing age of the
strips (∑ ωi = 1.00; Table 3, Fig. 3a) and the number of game

tracks (∑ ωi = 1.00) and negatively correlated with increasing
area and cover of wood, teasel, herbaceous plants and grass (∑
ωi = 1.00; Table 3, Fig. 3b–c). The probability of mammalian
predators visiting the wildflower strip interior was the highest
when the adjacent crop was grassland (Table 3). The variables
plant height, vegetation gaps, low vegetation, small mammal
burrows, corridor availability, crop height and the crop types
cereal, rapeseed, vegetable and ploughed field provided only
little information on the probability of mammalian predators
penetrating the wildflower strip core area rather than remain-
ing along its edge.

Avian predators

According to the model-averaged parameters of all models
ΔAIC ≤ 2, the probability of avian predators being
photographed within the wildflower strip cores as opposed
to along the edges was positively correlated with increasing
cover of grass (∑ ωi = 0.57) and corridor availability (∑ ωi =
0.53) and negatively correlated with increasing cover of her-
baceous plants (∑ ωi = 0.88; Table 4). The variables area, plant
height, low vegetation, vegetation gaps, small mammal bur-
rows, type of crop, crop height, number of game tracks and
cover of wood and teasel provided only little information on
the probability of avian predators entering the wildflower strip
core area rather than being observed along its edge.

Discussion

Wildflower strips as a safe refuge for leverets

Most wildflower strips in the study area were regularly visited
by various predator species. The most frequent predator visi-
tors were cats, red foxes and badgers, which together com-
prised 82% of all visits.

Various studies suggest that narrow, linear strips of
unmown vegetation with or without shrubs are more
likely to be foraged by predators than the surrounding
agricultural environment (Šálek et al. 2009, 2010;
Červinka et al. 2011). A crucial factor for corridor use
is the availability of the principal prey (Červinka et al.
2013). Wildflower strips are known to be a high-quality
habitat for small mammals and to sustain higher popu-
lation densities than agricultural crops (Briner et al.
2005; Aschwanden et al. 2007). Even if hares, which
are present at low densities, are not the target of the
predators, they might incidentally be found by predators
searching for more abundant prey such as rodents. To
sum up, wildflower strips are attractive places for po-
tential predators of leverets, and predators may threaten
leverets hiding within the wildflower strips.

Table 1 Model-averaged parameter estimates of all models ΔAIC ≤ 2
and cumulative Akaike’s information criterion weights (∑ ωi) of model
variables for the frequency of visits by mammalian predators to
wildflower strips in relation to landscape variables

Variable Estimate SE z value ∑ ωi

Area − 0.049 0.109 0.449 0.26

Perimeter − 0.046 0.099 0.462 0.27

Settlement distance − 0.139 0.156 0.883 0.61

Road interspace − 0.329 0.130 2.498 1.00

Boundary line − 0.005 0.039 0.118 0.07

Forest/hedgerow distance − 0.312 0.136 2.279 1.00

Crop height − 0.002 0.013 0.159 0.08
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On the other hand, several researchers found positive
effects of wildflower strips on European hare population
trends (Hutchings and Harris 1996; Holzgang et al.
2005; Perron 2013; Meichtry-Stier et al. 2014;
Langhammer et al. 2017). Population decline is mainly
attributed to low leveret survival (Voigt 2010; Weber
2010), and leverets in wildflower strips are probably
relatively safe from agricultural machines. Our study
shows that the risk of a leveret being approached by a

Fig. 2 Number of mammalian
predators (MPs, per 30 days)
visiting the wildflower strip
(WFS), in relation to the
landscape variables distance to
settlement (a), distance to forest
edges or hedgerows (b, trend line
and 80% prediction intervals) and
road interspace availability (c,
boxplot with median, lower and
upper quartile; lowest and highest
value and outliers)

Table 3 Model-averaged parameter estimates of all models ΔAIC ≤ 2
and cumulative Akaike’s information criterion weights (∑ ωi) of model
variables for the probability of mammalian predators penetrating into the
wildflower strip (WFS) interior and not remaining along its edge in
relation to WFS variables

Variable Estimate SE z value ∑ ωi

Area − 0.452 0.152 2.976 1.00

Age 0.249 0.110 2.268 1.00

Plant height − 0.040 0.095 0.422 0.28

Vegetation gaps 0.002 0.035 0.045 0.07

Low vegetation − 0.018 0.080 0.228 0.16

Small mammal burrows 0.006 0.064 0.094 0.07

Corridor availability − 0.209 0.550 0.380 0.22

Number of game tracks 2.231 0.430 5.187 1.00

Wood − 0.903 0.199 4.546 1.00

Teasel − 1.652 0.251 6.579 1.00

Herbaceous plants − 1.121 0.181 6.199 1.00

Grass − 1.747 0.238 7.341 1.00

Type of crop: grassland improved 6.851 1.934 3.541 1.00

Type of crop: grassland unimproved 3.872 1.864 2.076 1.00

Crop height − 0.010 0.053 0.187 0.10

Table 2 Model-averaged parameter estimates of all models ΔAIC ≤ 2
and cumulative Akaike’s information criterion weights (∑ ωi) of model
variables for the frequency of visits by avian predators to wildflower
strips in relation to landscape variables

Variable Estimate SE z value ∑ ωi

Perimeter 0.018 0.095 0.188 0.16

Settlement distance − 0.070 0.178 0.391 0.25

Road interspace − 0.016 0.091 0.175 0.16

Type of crop: cereal − 1.828 0.650 2.812 1.00

Type of crop: others 1.840 0.654 2.787 1.00

Crop height − 0.271 0.127 2.118 1.00
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predator in a wildflower strip depends on the spatial
placement of the wildflower strip within the landscape
mosaic, on its perimeter-area ratio and on its plant
structure. In other words, wildflower strips can be more
or less dangerous for leverets and the degree of risk is
predictable. This leads us to practical recommendations

for leveret-friendly (predator-unfriendly) wildflower
strips, based on the assumption that leverets survive
better where potential predators are less likely to be
present.

Locations of wildflower strips to benefit leveret
survival

An important factor influencing predator activity was
the distance to hedgerows or forests: mammalian pred-
ators’ visits were lower when the distance between these
features and the wildflower strip was greater. Badgers
and red foxes are known to show a preference for for-
ests and habitats that offer the shelter they need for
their breeding setts and dens (Keuling et al. 2011). In
an agricultural region such as the study area, forests and
hedgerows are most likely to fulfil their requirements.
Therefore, setts and dens are often located in these tree-
sheltered habitats and form the core area of these ani-
mals’ home ranges; the highest level of predator activity
is in their immediate vicinity. Forest-farmland edge hab-
itats are also highly preferred by mammalian predators
for foraging, so the probability of occurrence of these
predators decreases considerably with increasing

Fig. 3 Probability of mammalian
predators (MPs, per 30 days)
penetrating into the wildflower
strip (WFS) interior and not
remaining along its edge in
relation to the WFS variables age
of the WFS (a), percent teasel
cover (b) and percent herbaceous
plant cover (c) (trend line and
80% prediction intervals)

Table 4 Model-averaged parameter estimates of all models ΔAIC ≤ 2
and cumulative Akaike’s information criterion weights (∑ ωi) of model
variables for the probability of avian predators penetrating into the
wildflower strip (WFS) interior and not remaining along its edge in
relation to WFS variables

Variable Estimate SE z value ∑ ωi

Area 0.063 0.181 0.349 0.16

Vegetation gaps 0.098 0.296 0.330 0.20

Small mammal burrows 0.062 0.183 0.338 0.14

Corridor availability 0.733 0.897 0.814 0.53

Wood 0.160 0.355 0.452 0.24

Teasel − 0.214 0.402 0.532 0.30

Herbaceous plants − 0.762 0.486 1.561 0.88

Grass 0.370 0.445 0.829 0.57

Crop height 0.086 0.196 0.437 0.25

102 Page 8 of 13 Eur J Wildl Res (2017) 63: 102



distance from forest edges (Červinka et al. 2011; Šálek
et al. 2014).

Settlements and their surroundings offer abundant an-
thropogenic food sources that make them attractive to
many predator species, especially red foxes (Contesse
et al. 2004). Another important predator species is the
domestic cat, which is kept and fed by humans and
disperses from settlements to adjacent agricultural areas
for hunting. Especially in suburban landscapes, where
human settlements cover large portions of such
fragmented landscapes, cats can have a pronounced det-
rimental effect on prey populations (Schneider 2001;
Spotte 2014). Not surprisingly, the further away from
settlements a wildflower strip was located, the lower
the mammalian predator activity was. Roads, also an-
thropogenic habitat features, influenced mammalian
predator activity at wildflower strips accordingly.
Predator numbers were lower in wildflower strips not
placed adjacent to roads. Roads can facilitate territorial
patrolling and serve to increase travel distance and thus
increase the hunting ground covered by a predator

during night (Frey and Conover 2006). Especially if
wildflower strips consist of linear narrow habitat strips
along roads, there is an increased hazard of predators
locating leverets or ground-nesting birds while foraging.
Moreover, in wildflower strips completely surrounded
by crops, hares are somewhat protected from the con-
stant disturbance caused by vehicles, walkers and their
dogs (Roedenbeck and Voser 2008).

The height of the crop adjacent to the wildflower
strip influenced the frequency of visits by avian preda-
tors. Lower crop height may ease locomotion and in-
crease travel speed, making such areas attractive to walk
across and also improving the visibility, thus facilitating
searching for prey. Additionally, birds may be attracted
to harvested fields and vegetable cultivation areas be-
cause the open ground allows for efficient movement
and detection of abundant food sources such as insects,
worms and voles, whereas the dense seed row spacing
in cereal crops prevents free locomotion and restricts
visibility. But the type and height of crop adjacent to
wildflower strips cannot be influenced just to fulfil

Table 5 The 22 landscape and wildflower strip (WFS) variables used in the study, with a brief description. The number in the right column refers to the
description in Table 6 (approach for data collection)

Variable Description

Area Area of the WFS (ha) 1.)

Perimeter Length of boundary line between WFS and the adjacent agricultural field (m) 3.)

Width Auxiliary value to describe the width of the WFS (m). Area of the WFS divided by the perimeter of the WFS 2.)

Age Age of the WFS (years) 1.)

Settlement distance Distance between the nearest occupied building and the WFS (m) 3.)

Road interspace Availability of an interspace (≥ 2 m) between the nearest road and the WFS. Road interspace availability: yes or no 4.)

Boundary line Length of the boundary line between road and WFS (m) 3.)

Forest distance Distance between the edge of the nearest forest and the WFS (m) 3.)

Hedgerow distance Distance between the nearest hedgerow and the WFS (m). 3.)

Forest/hedgerow
distance

Distance between the edge of the nearest forest or hedgerow (whichever is closer) and the WFS (m) 3.)

Plant height Average height of WFS plants of the lowest layer (cm) 5.)

Vegetation gaps Proportion of vegetation gaps (soil visible) (%) 5.)

Low vegetation Proportion of the WFS vegetation < 30 cm (%) 5.)

Small mammal
burrows

Auxiliary value to describe small mammal abundance in the interior and at the edge of the WFS. The number of small
mammal burrows within 4 m2 was counted on the area cleared of high vegetation in front of the cameras. Finally, interior
small mammal abundance minus edge abundance was used

4.)

Corridor availability Gap between WFS (plough edge) and adjacent crop on at least at one side of the WFS available. Corridor availability: yes or
no

4.)

Number of game
tracks

Number of game tracks in sight of the interior camera and crossing the WFS: 0, 1–2, 3+ 4.)

Wood Wood cover in the WFS (%). Mostly willow species (Salix sp.) and dogwood (Cornus sanguinea) 4.)

Teasel Teasel (Dipsacus fullonum) cover in the WFS (%) 4.)

Grass Grass cover in the WFS (%) 4.)

Herbaceous plants Cover estimates of herbaceous plant species with dry stems that lasted through winter, thus providing cover perennially (%)
(species are listed in Table 7)

4.)

Type of crop Type of adjacent crops: ploughed field, cereal, improved grassland, unimproved grassland, rapeseed, vegetable 4.)

Crop height Average height of the adjacent crops (cm) 5.)
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European hare conservation needs. Crop rotation prac-
tices lead to constant changes in the adjacent fields
during the contractual period of a wildflower strip and
crops itself are subject to strong changes during the
long hare breeding season (for example from tall cereals
during summer to short stubble fields after harvest in
September).

Wildflower strip variables beneficial for leveret
survival

The most important practical finding of our study is that
leverets appear to be relatively well protected from pre-
dation by both birds and mammals in the core areas of
wildflower strips. Our data show that predators concen-
trate their activity at a fine scale at the very edge of the
wildflower strips; only 6 m inside, we found reduced
activity. This finding is in agreement with the results
of Fernex et al. (2011). If the width of a wildflower
strip is increased, the relationship between edge and
core area of the wildflower strip is improved. Thus,
leverets that hide within the wildflower strip’s core like-
ly have a higher chance of escaping predator detection,
because, in broader and larger wildflower strips, the
increased edge-to-edge distance is expected to decrease
foraging intensity of predators. There is no minimum
width of wildflower strips in Switzerland, and some
are only 3 m wide. Farmers should be encouraged to
cultivate wider wildflower strips.

We do not know why predators prefer to remain
along the edges of wildflower strips rather than to pen-
etrate their cores, which would provide rodents and cov-
er. Herbaceous plants with rigid stems, dense foliage
and thorny leaves and grass growing in clumps may
simply hinder predators from walking and foraging in
the strips, as suggested by the reduced mammalian and
avian predator activity in strips with a higher cover of
wood, teasel, herbaceous plant species and grasses. It is
also known that enhanced vegetation heterogeneity and
complexity along edge structures can reduce the search
efficiency of predators (Červinka et al. 2011; Gorini
et al. 2012), but wildflower strips often lose their het-
erogeneous wildflower structure with increasing age if
they are not maintained regularly.

Implications and conclusions

Wildflower strips are a precious instrument in agri-
environmental schemes, beneficial for a variety of species
dwelling in open landscapes, including insects, ground-
nesting birds and small mammals (Aschwanden et al. 2007;
Haaland et al. 2011; Meichtry-Stier et al. 2014). For the
European hare, wildflower strips provide not only shelter from

farmmachinery, but also more herbs and grasses with a higher
fat content than the surrounding intensive agricultural area
(Reichlin et al. 2006; Schai-Braun et al. 2015). Plants with a
high fat content are important in the European hare’s diet,
especially for lactating females, as a high-quality diet for the
mother enhances leveret survival (Hackländer et al. 2002a, b).
Wildflower strips might also be attractive for predators as
parts of a network of moving corridors (Šálek et al. 2009,
2010; Červinka et al. 2011) and as foraging areas with high
densities of rodents (Briner et al. 2005; Aschwanden et al.
2007).

Optimising wildflower strips as instruments to favour the
survival of leverets and ground-nesting birds means making
them unattractive for predators. According to our findings,
both foraging and visit frequency of predators can bemanaged
by correct spatial placement of wildflower strips, by low
perimeter-area ratio in strips and by promoting a heteroge-
neous wildflower structure. We recommend the following,
for leveret-friendly (predator-unfriendly) wildflower strips:

1. Place wildflower strips at least 150 m away from forests,
hedgerows and settlements.

2. Do not place wildflower strips alongside roads.
3. Forget the notion of a ‘strip’: wildflower areas should be

wide (> 10 m) and short, rather than long and narrow (<
10 m).

4. Favour strips with a high vegetative cover and heteroge-
neous wildflower structure.
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Appendix

Table 6 Description of the approach used to collect the required data

Approach for data collection

1.) Data provided by the Landwirtschaftliches Zentrum Ebenrain

2.) Calculated based on data provided by the Landwirtschaftliches
Zentrum Ebenrain

3.) Measurement was performed in the GeoView BL (GIS-Fachstelle BL
2016)

4.) Measurement, estimation, count or classification was performed on
the installation date of the cameras

5.) Measurement or estimation was performed on the installation date of
the cameras and during each check.
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