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In this study we evaluate nest site and habitat preferences of Red-backed Shrike (Lanius
collurio) in the national park Mols Bjerge, Denmark. In total, 28 nests were found during
2010 and 2011. To determine nesting site preferences, the species composition of vegeta-
tion in scrub used for nesting was compared to that of nearest unused scrub. To evaluate
habitat preferences, a Resource Selection Probability Function (RSPF) was modelled
based on presence/absence data. The habitat factors were represented by Light Detection
And Ranging (LIDAR) derived measures of vegetation height and topographic wetness
as well as distance to nearest road/path, as an indicator of human disturbance. Scrub used
as nesting sites were characterized by thorny shrub species such as Prunus spinosa and
Rubus fruticosus. RSPF showed that shrike presence was positively correlated with vege-
tation heterogeneity and high topographic wetness, and that it was unaffected by the dis-
tance to the nearest road/path. These results provide some guidelines for management,
showing that Red-backed Shrike for nesting preferred habitats with high wetness, possi-
bly linked to food availability, and heterogeneous vegetation, consistent with their need
for low vegetation for hunting and higher vegetation for hunting perches and nest sites,
with thorny shrubs especially important for the latter.

1. Introduction

Over the last century the landscape in Europe has
undergone major changes. The historical mosaic
rural landscape with often extensive non-culti-
vated, often grazed areas, a diversity of small ara-
ble areas, and numerous hedgerows has disap-
peared and is now replaced with large areas of ara-
ble monocultures (Lefranc 1997, Potter 1997).
This reduction in mosaic habitats has led to a mas-
sive decline in wildlife, especially notable in farm-

land birds (e.g. Tucker & Heath 1994, Pain &
Dixon 1997, Donald et al. 2006). One of these
birds is the Red-backed Shrike (Lanius collurio),
which has declined since the 1970°s (Tucker &
Heath 1994, Pihl et al. 2006) and is now listed on
Annex I of the EU Birds Directive (Bird Directive
2009/147/EC). For birds on this list specific ac-
tions must be done by the members of the EU to
protect these birds and especially their habitats.
Agricultural intensification has been proposed as
one of the main reasons for the overall decline of
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Red-backed Shrike as it has led to both loss of suit-
able habitat and decreased prey availability (Le-
franc 1997, Kuper et al. 2000).

In Denmark the number of Red-backed
Shrikes is estimated to be relatively stable with
1,500-3,000 breeding pairs (Pihl et al. 2006), al-
though there has been a geographic shift over the
last 30 years, with fewer now breeding in the east-
ern part of Denmark and more in the western part
(Grell 1998). Some of the Red-backed Shrikes in
Denmark breed in Mols Bjerge, which was de-
fined as a national park in 2009 in order to con-
serve the unique nature, flora and fauna in the area.
Presence of Red-backed Shrike has been proposed
as a good indicator for biodiversity in semi-open
habitats by Brambilla et al. (2009), as they found a
higher floral diversity in areas occupied by this
species. Safriel (1995) also proposed that shrikes
(Laniidae) would be good bioindicators due to
their sensitivity to changes in habitats. Therefore,
it will be an advantage to maintain the area suitable
for this bird species, as it will benefit the biodiver-
sity in Mols Bjerge in general.

Habitat preferences for the Red-backed Shrike
have been studied previously, and it has been
found associated with open land with scattered
scrub such as low-intensive farming areas, mead-
ows and waste land (Olsson 1995a, Lefranc 1997,
Lefranc & Worfolk 1997, Grell 1998, Kuzniak &
Tryjanowski 2000, Vanhinsbergh & Evans 2002,
Brambilla et al. 2007, Golawski & Golawska
2008, Brambilla et al. 2009). However, several
outstanding questions exist, notably as concerns
the role of vegetation height, as well as the role of
topography. Red-backed Shrike uses different
vegetation heights; higher vegetation like scrub
are used as nesting sites and hunting perches, and
lower vegetation provides prey items. Topography
may influence habitat selection via effects on prey
availability (Titeux et al. 2007). Here, we use
Light Detection And Ranging (LIDAR), a remote-
sensing technology (Vierling et al. 2008), to inves-
tigate Red-backed Shrike’s habitat selection in
Mols Bjerge. LIDAR has the important advantage
that it allows broad-scale, but detailed mapping of
vegetation height and topography (see review in
Vierling et al. (2008)). To maintain Mols Bjerge as
a suitable breeding area it is also important to in-
vestigate specific choice of nest sites for Red-
backed Shrike. Some authors (Holan 1995,
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Soderstrom 2001) found that Red-backed Shrike
uses scrub of the most frequently plant species in
the breeding area, others found that Red-backed
Shrike, more specifically, chose spiny scrub as
nest sites (Olsson 1995b, Farkas et al. 1997, Cam-
pos & Lizarraga 2000).

Habitat preferences of Red-backed Shrike
have not yet been studied in Denmark. Therefore,
we specifically aimed to investigate if Red-backed
Shrike had specific preferences in (1) their choice
of vegetation for nest sites and in (2) overall local
nesting habitat, as a basis for management to fa-
vour the persistence or increased presence of the
species both generally as well as specifically in
Mols Bjerge.

We focused on three descriptors of local habi-
tat conditions: (i) height of vegetation, as Red-
backed Shrike uses shrubs for nesting sites and for
hunting perches in areas of low vegetation; (ii)
topographic wetness, as Titeux et al. (2007) have
put avoidance of drained fields as a recommenda-
tion for Red-backed Shrike habitat management in
order to optimize prey availability; (iii) distance to
nearest road or path, to investigate whether Red-
backed Shrike is affected by human disturbance, to
address if low-intensity nature tourism within na-
ture reserves such as Mols Bjerge poses a threat to
the species.

2. Material and methods
2.1. The study area

The study was conducted in the National Park
Mols Bjerge, Denmark (56.225 N, 10.58 E), in two
areas (near Mols Laboratoriet and at Trehoje) — a
well-known breeding area for Red-backed Shrike
(Fig. 1). Mols Bjerge has a unique landscape with
many different habitat types. We only surveyed
opened areas and used natural limits like dense fo-
rest. The areas are often grazed by livestock, but
parts of the area at Treheje are also mown.

2.2. The study period

Data were collected in May—August 2010 and
2011, as part of the Red-backed Shrike project, run
by Natural History Museum, Aarhus (Sell et al.
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Fig. 1. Map showing the study area in Mols Bjerge, Denmark. The white squares represent the Red-backed
Shrike’s nests (n = 20), the black circles represent the pseudo-absence points (n = 280), which were ran-

domly distributed within the surveyed areas.

2013). In the beginning of May the area was vis-
ited weekly until the first Red-backed Shrikes ar-
rived. Hereafter, the area was visited almost daily
to locate the nests by observing the parent birds.
Data on vegetation composition and GPS posi-
tions of the nests and vegetation were collected,
when the juveniles had left the nest.

2.3. Data collection and analyses

Intotal, 28 nests were located during the two years.
Observations of Red-backed Shrikes displaying
territorial behaviour where the nests could not be
found (n = 6) were not included in the dataset. Dur-

ing both years, Red-backed Shrikes were captured
and colour-ringed to be able to identify the shrikes
individually. Seven (two females, five males) of
the 30 (17 adult, 13 juveniles) ringed shrikes in
2010 returned to the study area in 2011. All the re-
turning shrikes had a new mate in 2011, but three
of the males returned to the same territory. Having
repeating individuals can result in pseudo-
replication. The dataset is not large enough to use
the individuals as a random factor in the analysis,
so instead we developed a reduced dataset to ac-
count for any pseudoreplication introduced by in-
dividuals observed in both years. The reduced
dataset was made by excluding one of the two ob-
servations of individuals that were represented
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twice (i.e., in two years) in the dataset. The exclu-
sion was done randomly, except for the constraint
that the two years should be equally presented.
Hence, in the final dataset each individual only oc-
curs once and only with one nest (7 = 20 nests).
Data from both years are used as part of the same
sample, as weather data (mean monthly tempera-
ture, monthly sum of precipitation and monthly
hours with sunlight) from both years did not differ
when compared on a monthly base (Wilcoxon
signed rank sum test — temperature: W=15; P=1;
precipitation: W= 6; P=0.88; sunlight: W=3; P=
0.63). The weather data used was a mean of the
data from Aarhus and Grenaa, as the study site is
located in between these cities, collected by the
Danish Meteorological Institute for the months
May, June, July and August 2010 and the same
month in 2011 (http:/www.dmi.dk/vejr/arkiver/
maanedsaesonaar/).

2.3.1. Nest habitat

The species composition of the scrub vegetation
was quantified in the scrub types: nest scrub, near-
est scrub, nearest thornless scrub and nearest
thorny scrub (abbreviated as: nest, bush, thornless
and thorn, respectively). In a virtual column with
the nest as centre, a radius at 1 m and the height
from ground to the top of the vegetation, we esti-
mated the volume that each plant species occupied
(in percentage of the total vegetation in the col-
umn; hereafter referred to as percentage scrub oc-
cupancy volume). The same method was used to
quantify the species composition in the scrub near-
est to the nest scrub with a virtually point placed 1
m into the scrub from its surface facing the nest
scrub selected as centre. If the nearest scrub con-
tained thorny scrub species, the method was used
on the nearest thornless scrub, too, and if it did not
contain any thorny scrub species, the method was
used on the nearest thorny scrub as well. A scrub
was defined as thorny if it contained > 1% scrub
occupancy volume of at least one of the following
species: rose (Rosa spp. L.), Raspberry (Rubus
idaeus L.), Blackberry (Rubus fruticosus L.), haw-
thorn (Crataegus spp. L.) or Sloe (Prunus spinosa
L.). All herbaceous plants such as Stinging Nettle
(Urtica dioica L.), Common Yarrow (Achillea
millefolium L.), Mint (Mentha spp. L.), and
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grasses (Poaceae spp. L) were grouped as a single
herbaceous ground-layer category, as they did not
constitute part of the nest-holding vegetation (see
appendix for a list of all plant species found).

2.3.2. Territory habitat

The GPS positions of the nests (n = 20) were im-
ported to ArcMap 9.3.1 (ESRI ® 2009) (Fig. 1).
Random distributed points (n = 280) were gener-
ated as pseudo-absence points to represent points
with an absence of Red-backed Shrikes (Fig. 1).
These points were only distributed in the area that
was surveyed for Red-backed Shrike and, further-
more, did not overlap any of the real nests or any of
the six areas where a potential nest could not be lo-
cated.

Buffer zones with the centre at the nest or at the
random points were generated in ArcMap 9.3.1
(ESRI ® 2009). The buffer zones were laid as a
circle with 10 m radius (the 10 m buffer zone) and
two annular defined by concentric circles with 20
m radius (the 20 m buffer zone) and 40 m radius
(the 40 m buffer zone), respectively. Brambilla &
Ficetola (2012) showed in their study that the terri-
tory size of Red-backed Shrike is correlated with
the suitability of the environment and that the size
can vary from 2,500 m’ to 20,000 m’. We esti-
mated home ranges at our study site to vary from
3,743 m’ to 43,226 m’, with 15,923 m’ as mean
value. So, the buffer zones include most of the
home ranges.

For each of the buffer zones, the mean, maxi-
mum (max) and standard deviation (sd) of the veg-
etation height (vegh) and the topographic wetness
(twi) were computed. The mean was chosen as it
describes how the habitat was in general, the maxi-
mum captures any tall vegetation or wet areas that
were present, whereas the standard deviation de-
scribes spatial heterogeneity in vegetation height
or wetness. Vegetation height was estimated as the
difference between a Digital Surface Model
(DSM), describing the elevation of the surface and
objects like buildings and vegetation and a Digital
Terrain Model (DTM), describing the elevation of
the bare ground. Both dataset are produced in 1.6
m horizontal resolution and have an estimated ver-
tical accuracy of 0.10 m. They are based on air-
borne Light Detection And Ranging (LIDAR) and
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Table 1. Variables used for the logistic Resource Selection Probability Function (RSPF) (Manly et al. 2002),

which describes the Red-backed Shrike’s habitat preferences in Mols Bjerge.

Variables Variable description

SHRIKE Presence/absence of Red-backed Shrike

TWI Topographic Wetness Index

TWI_10M_MEAN Mean TWI for the buffer zone 0-10 m from nest
TWI_10M_MAX Maximum TWI for the buffer zone 0-10 m from nest
TWI_10M_SD SD TWI for the buffer zone 0—10 m from nest
TWI_20M_MEAN Mean TWI for the buffer zone 10—-20 m from nest
TWI_20M_MAX Maximum TWI for the buffer zone 10-20 m from nest
TWI_20M_SD SD TWI for the buffer zone 10-20 m from nest
TWI_40M_MEAN Mean TWI for the buffer zone 20—40 m from nest
TWI_40M_MAX Maximum TWI for the buffer zone 20—40 m from nest
TWI_40M_SD SD TWI for the buffer zone 20-40 m from nest
VEGH Vegetation height

VEGH_10M_MEAN
VEGH_10M_MAX
VEGH_10M_SD
VEGH_20M_MEAN
VEGH_20M_MAX
VEGH_20M_SD
VEGH_40M_MEAN
VEGH_40M_MAX
VEGH_40M_SD

Mean VEGH for the buffer zone 0—10 m from nest
Maximum VEGH for the buffer zone 0—10 m from nest
SD VEGH for the buffer zone 0—10 m from nest

Mean VEGH for the buffer zone 10—20 m from nest
Maximum VEGH for the buffer zone 10—-20 m from nest
SD VEGH for the buffer zone 10-20 m from nest

Mean VEGH for the buffer zone 20—40 m from nest
Maximum VEGH for the buffer zone 20—40 m from nest
SD VEGH for the buffer zone 20—40 m from nest

DIST Distance from the nest/random control point to the nearest road/path

available as GIS layers from National Survey and
Cadastre Denmark (2008). Topographic wetness
was estimated from the DTM by the Topographic
Wetness Index (TWI), which describes the topo-
graphic wetness in a point according to the upland
area and the slope of the terrain in the point (Wil-
son & Gallant 2000). The distance (dist) from a
nest site or potential nest site to the nearest
road/path, calculated from “Kort 107, (Kort 10 is
the official collection of basic topographic data
from the Danish Geodata Agency 2006, the reso-
lution is 40 x 40 cm per pixel), was used as an indi-
cator of human disturbance, i.e., by the low-inten-
sity nature tourism in Mols Bjerge. While the
Kort10 layer contained most of the roads and paths
in the study area, some extra paths were added
manually, as they have been observed used in the
study period (J.K. Svendsen, pers. obs.).

2.4. Statistical analyses

2.4.1. Nest habitat

Multi-Response Permutation Procedure (MRPP)

was used to test the null hypothesis that the compo-
sition in vegetation did not differ between the four
scrub types (nest, nearest, nearest thornless and
nearest thorny scrub). The number of permuta-
tions was set to 999,999 to obtain stable signifi-
cance estimates. The distance used was the
Serensen’s index as recommended by McCune &
Grace (2002). The significance level was set to
0.05 /4 = 0.0125 after Bonferroni correction for
multiple testing, i.e., the four MRPP tests)

To identify which plant species were driving
the obtained differences between the different
scrub types (as found by the MRPP analysis), we
used the Wilcoxon signed rank test to compare the
percentage scrub occupancy volume for each plant
species in nest scrub vs. nearest scrub and in nest
scrub vs. nearest thorny scrub. As the sample size
for the nearest thornless scrub type (rn = 7) varied
from that of the other scrub types (n = 20), we used
the Wilcoxon rank sum test rather than a pairwise
test, to test for differences in percentage scrub oc-
cupancy volume for each plant species between
this scrub type and nest scrub, in order to use the
full dataset.
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mNest scrub (n=28)

B Nearest thornless scrub
(n=9)

ONearest thorny scrub
(n=28)

ONearest scrub (n=28)

Fig. 2. Nest site prefer-
ences for Red-backed
Shrike in Mols Bjerge,
Denmark: Mean scrub
occupancy volume val-
ues for the five most
frequently plant spe-

Rubus fructicosus Rosa spp. Prunus spinosa

Plant species

2.4.2. Territory habitat

Binary logistic regression (a generalized linear
model with logit link function and binomial error
distribution) was used for analysing habitat selec-
tion in Red-backed Shrike, modelling a Resource
Selection Probability Function (RSPF) (Manly et
al. 2002). A logistic regression RSPF is given by
Eq. 1:

eﬁ()+ﬁ|X1+B2XZ+"'+B1)Xp

n= (1)

1+ eﬁo*ﬁﬂl*ﬁﬂ‘z ot BLX,

where 7 here is the probability that a given site is
used by Red-backed Shrike, X are the different
variables which describes data (listed in Table 1),
f3, are regression coefficients. The models were
built with maximum three variables at the time be-
cause of the small sample size (n = 20), as recom-
mended by Harrell et al. (1996).

The set of models investigated were first all
variables alone together with a null model contain-
ing only the slope, then all possible combinations
of two variables representing different potential
drivers, so either dist and a vegh variable, dist and
a twi variable, or a vegh variable and a twi vari-
able. Then all possible combinations of three dif-
ferent variables were tested, again with no models
containing two vegh or twi variables. In total, 200
models were investigated.

cies (mean > 10%) in
the four different scrub
types.

Ground-layer
species

Juniperus
communis

An information-theoretic approach was used
for the final evaluation of the model selection, with
the models being evaluated based on Akaike’s In-
formation Criterion, corrected for small-sample
bias (AIC)) and by Akaike weights (w) to assess
the statistical support for a given model as well as a
given predictor variable (Burnham & Anderson
2002). Akaike weights can be interpreted as the
probability that a given model is the best model or
factor belongs in the best model for the data, given
the set of candidate models (Johnson & Omland
2004).

All statistical analyses were run in R (R Devel-
opment Core Team 2011).

3. Results
3.1. Nest habitat

Atotal of 28 nests (12 nests in 2010 and 16 nests in
2011) were detected and located in the study peri-
od, the results are based on 20 nests of these nests
(9 nest in 2010 and 11 nest in 2011). The shortest
distance between two nests was 36.03 m. The
mean distance from a nest to the nearest adjacent
scrub was 10.0 m (sd 12.1 m), the mean distance
from a nest to the nearest adjacent thorny scrub
was 15.3 m(sd 17.9 m) and the mean distance from
a nest to the nearest adjacent thornless scrub was
26.9 m (sd 25.2 m). All nest scrub contained some
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Table 2. Ten best ranked models from the logistic Resource Selection Probability Function (RSPF), which
describes the Red-backed Shrike’s habitat preferences in Mols Bjerge. Rankings are based on Akaike’s In-
formation Criterion, corrected for small-sample bias (AIC)). K is the number of parameters in the model,
AIC_is the difference in AIC_compared to the best model and w, (%) are the Akaike weights given as

percentages.
Model no. Model variables K AIC, AICC w, (%)
1 SHRIKES = 0.183 x TWI_20M_MAX 4 128.98 0.0 29
+0.446 x VEGH_10M_SD - 5.57
2 SHRIKES = 8.76 x 107 x DIST 5 130.99 2.0 11
+0.183 x TWI_20M_MAX
+0.446 x VEGH_10M_SD - 5.63
3 SHRIKES = 0.169 x TWI_20M_MAX 4 131.34 24 9
+0.314 x VEGH_20M_SD - 5.39
4 SHRIKES = 0.189 x TWI_40M_MAX 4 131.84 29 7
+0.422 x VEGH_10M_SD - 6.32
5 SHRIKES =0.913 x TWI_40M_SD 4 132.61 3.6 5
+0.358 x VEGH_10M_SD —4.84
6 SHRIKES = 0.184 x TWI_40M_MAX 4 132.84 3.9 4
+0.326 x VEGH_20M_SD - 6.30
7 SHRIKES = 1.25 x 107 x DIST 5 133.31 4.3 3
+0.169 x TWI_20M_MAX
+0.316 x VEGH_20M_SD - 5.49
8 SHRIKES = 1.42x 107 x DIST 5 133.78 4.8 3
+0.189 x TWI_40M_MAX
+0.422 x VEGH_10M_SD —6.43
9 SHRIKES = 0.880 x TWI_40M_SD 4 133.96 5.0 2
+0.263 x VEGH_20M_SD - 4.81
10 SHRIKES = 5.18 x 10 x DIST 5 134.65 5.7 2
+0.911 x TWI_40M_SD
+0.358 x VEGH_10M_SD —4.88
thorny vegetation; the mean being 64% scrub oc-  rank test: n _ =20;n,  =20; V=41, P=0.02) as

cupancy volume (sd 36%) with 7% as the mini-
mum.

Species composition of the different plant spe-
cies in percentage scrub occupancy volume dif-
fered significantly between nest scrub and nearest
thornless scrub (n,_ =20;n,  =7;P=0.0037).
A tendency towards a difference between nest
scrub and nearest scrub was found (n, =20;n,
=20; P = 0.065), while there was no significant
difference between nest scrub and nearest thorny
scrub (n =20;n, =20;P=0.15).

When comparing the different scrub types
(Fig. 2) no significant differences were found for
Prunus spinosa in nest scrub compared to nearest
scrub (Wilcoxon signed rank test: n_ =20;n, | =
20; =60, P=0.11) nor in nest scrub compared to
nearest thorny scrub (Wilcoxon signed rank test:
n  =20;n, =20;V=69,P=0.11). Nest scrub

contained less herbaceous ground-layer vegeta-
tion volume than nearest scrub (Wilcoxon signed

well as less than the nearest thorny scrub
(Wilcoxon signed rank test: n_ =20;n, =20; V
= 46.5, P = 0.05). Significantly more Prunus
spinosa (Wilcoxon rank sum test:n,  =7;n_

= 20; W = 105, P = 0.01) and more Rubus

fruticosus (Wilcoxon rank sum test: n =17,

thronless

n__ =20, W=101, P=0.03) were found in nest

nest

scrub than in the nearest thornless scrub.

3.2. Territory habitat

According to the model selection analysis pres-
ence of Red-backed Shrike was dependent on het-
erogeneity of vegetation height 0—10 m from a po-
tential nest site and topographic wetness 10-20 m
from a potential nest site. The best model for ex-
plaining the presence of Red-backed Shrikes is
given by the equation in Table 2. This model had
an AIC_on 128.98 which gave w, = 29%. The ten
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best ranked models and their AIC_ values are
shown in Table 2.

4. Discussion

Within territories, the preferred nest site vegeta-
tion for Red-backed Shrike was Prunus spinosa-
rich scrub. The territories themselves were prefer-
entially located in areas with highly heterogeneous
vegetation and close to, but not in wet areas. No ef-
fect of distance to nearest road or path could be de-
tected.

4.1. Nest habitat

Overall, nest scrub and nearest non-nest scrub dif-
fered in plant species composition, indicating that
the Red-backed Shrike in Mols Bjerge has prefer-
ences for specific plant species in terms of its nest
location. This is contrary to other studies which
found that Red-backed Shrike does not selectively
choose specific plant species; but simply use the
dominant plant species in the breeding area (Holan
1995, Séderstrom 2001).

Selection of scrub with thorny shrub species as
nest sites were behind these compositional differ-
ences. Notably, there was more Prunus spinosa
and Rubus fruticosus in nest scrub than in the near-
est thornless scrub within nesting territories. Pru-
nus spinosa has been described as an important
nesting plant for Red-backed Shrike before (Ols-
son 1995b, Farkas et al. 1997, Soderstrom 2001)
together with Dog Rose (Rosa canina L.), Com-
mon Hawthorn (Crataegus monogyna L.), Rubus
fruticosus, Juniper (Juniperus communis L.) and
Norway Spruce (Picea abies L. Karst.) (Gorban &
Bokotej 1995, Campos & Lizarraga 2000, Niko-
lov 2000, Vili 2005, Lislevand 2012), all more or
less spiny or prickly species.

Several behavioural factors may explain this
pattern. One such would be caching behaviour. It
is well-known that Red-backed Shrike sometimes
collects and storages food on thorns and spines in
the vegetation for use on days with poor conditions
for hunting (Cramp & Perrins 1993). This behav-
iour requires thorny vegetation in the area where
the Red-backed Shrike breeds. Hernandez (1995)
found that Red-backed Shrike preferred to store
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prey in thorny bushes like Crataegus spp. and Pru-
nus spinosa.

A more likely explanation, however, could be
protection against nest predation. Several studies
have found that nest predation is the main reason
for nest failure in the Red-backed Shrike (Roos &
Pért 2004, Farkas et al. 1997, Séderstrom 2001)
and in birds in general (Lima 2009). Comparisons
between nest sites and the surrounding habitats
have shown that nest site is chosen to minimize
predation risk (Caro 2005). In this study a higher
cover by ground-layer herbaceous vegetation was
found in the nearest scrub than in nest scrub. This
could indicate that scrub chosen for nesting is
denser — and thus provide more heavy shadow —
than the surrounding scrub and thereby provides
more cover for the nest. Several studies support
this interpretation. Miiller e al. (2005) found that
nesting success in the Red-backed Shrike was
higher when the nest was more concealed. Gorban
& Bokotej (1995) found that the Red-backed
Shrike nesting in Rubus fruticosus rather than in
trees had a higher breeding success, while Tryja-
nowski et al. (2000) showed that the number of
young fledged was significantly higher in thorny
compared to thornless scrub. Contrary to these,
Farkas et al. (1997) found no difference in bree-
ding success between thorny closed and open
thornless bushes.

4.2. Territory habitat

The best habitat model indicated that Red-backed
Shrike nest occurrence was positively related to
the standard deviation in vegetation height within
10 m from the potential nest site (vegh 10m_sd)
and maximum topographic wetness within 10-20
m from the potential nest site (twi_20m_max).
This indicates that Red-backed Shrike prefers
areas with heterogeneous vegetation, especially
just around the nest (0—10 m), and high wetness
near the nest (10-20 m), but not right by it. The
model did not contain the distance to nearest road
or path (dist), indicating occurrence was unaf-
fected by human disturbance associated with roads
and paths.

The positive association of Red-backed Shrike
nest occurrences to locally high vegetation hetero-
geneity is in agreement with previous studies.
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Landscape heterogeneity in vegetation height is
well-known as an important factor for Red-backed
Shrike and many other farmland birds (Berg
2002). Several studies on habitat preferences men-
tion open areas with scattered scrub and trees as
the main habitat for Red-backed Shrikes (Cramp
& Perrins 1993, Olsson 1995a, Lefranc & Worfolk
1997, Vanhinsbergh & Evans 2002, Brambilla et
al. 2007, Brambilla ez al. 2009). According to sev-
eral studies (e.g. Olsson 1995a, Brambilla et al.
2007, Brambilla et al. 2009), the Red-backed
Shrike prefers habitats with hedgerows or forests
edges. Such areas will give heterogeneity near the
nest scrub, supporting the results in this study.
Many of the nests in our study were located near
edges of forest or bigger scrub areas. Landscape
heterogeneity provides vegetation suitable for
nesting sites and perches for hunting as well as
low-vegetation areas with good hunting opportu-
nities. Food availability may influence the choice
of habitat, as Golawski & Golawska (2008)
showed that habitat preference of Red-backed
Shrike corresponds with the differences in prey
biomass in these habitats. Prey, especially insects,
are easier to spot in the open areas with grass and
other low vegetation, but Red-backed Shrike need
scattered scrub in the habitat to be used as perches
from which it often hunts by dropping to the
ground (Olsson 1995a, Karlsson 2004). The
length of these hunting drops are often much less
than 10 m (Cramp & Perrins 1993). Vanhinsbergh
& Evans (2002) also showed that shrike abun-
dance increased with scrub cover up to 15% of
cover and then declined again with higher levels of
cover. This is consistent with the findings in
Brambilla et al. (2007) where the areas with the
highest density of Red-backed Shrikes had a scrub
cover between 10 and 30%. Vanhinsbergh & Ev-
ans (2002) found that the Red-backed Shrike is
positively associated with grassland grazed by
livestock and scattered trees and scrub. Livestock
grazing is used as the primary method to maintain
many of the open areas in Mols Bjerge, and this is
also the case for the habitat of all the Red-backed
Shrike territories in this study. Open pastures
grazed by livestock at low intensity provide good
hunting places for the species, if scattered small
trees and scrub are able to grow up in the pastures
to serve as hunting perches. Free-living wild her-
bivores may provide similar vegetation height
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(Svenning 2002, Vera 2009). Many insects will
also benefit from the presence of livestock, and es-
pecially their dung, providing more prey items for
the Red-backed Shrike.

The positive effect by maximum topographic
wetness variable (twi_20m_ max), indicates that
the Red-backed Shrike has a preference for having
relatively wet areas in the vicinity of the nest site.
As Prunus spinosa and other preferred nest shrub
species prefer less wet habitats, which could ex-
plain why Red-backed Shrike prefers wetness in
the buffer zone 10-20 m and not near the nest site.

In their study Titeux et al. (2007) also found
Red-backed Shrike breeding in areas with higher
soil wetness than in unoccupied areas. Lefranc &
Worfolk (1997) write that the habitat choice for
Red-backed Shrike is very variable, from heath-
land over grasslands to bogs. This is consistent
with several other studies that categorized pre-
ferred breeding habitats as pastures (Cramp &
Perrins 1993, Vanhinsbergh & Evans 2002, Bram-
billa et al. 2007, Golawski & Golawska 2008),
meadows (Lefranc 1997, Kuzniak & Tryjanowski
2000, Golawski & Golawska 2008), marshes
(Cramp & Perrins 1993, Lefranc & Worfolk 1997)
and bogs (Grell 1998). Although the preferences
for habitat types vary, the authors in general agree
that the preferred habitats are correlated with food
availability (Olsson 1995a, Karlsson 2004, Go-
lawski & Golawska 2008). Large insects, such as
beetles (Coleoptera spp. L.), wasp, bumble bees
and bees (Hymenoptera spp. L.) and grasshoppers
(Orthoptera spp. Latrielle) constitute the preferred
prey for Red-backed Shrikes (Tryjanowski et al.
2003), and wetter areas likely provide greater den-
sities of these large insects species (ex Carabidae
spp. Latreille in Holland 2002). This lends support
to the strong effect of wet areas observed in our
study.

The distance to roads/paths did not seem to
have an effect on the presence of Red-backed
Shrike, indicating that low-intensity nature tour-
ism such as practised in the Mols Bjerge area does
not affect nest site selection. Morelli (2011)
showed that Red-backed Shrikes preferred nesting
in scrub near roads although suitable scrub were
presented in the whole study area, probably be-
cause the roads provided good hunting opportuni-
ties, as they were used as corridors for the ground
insects. Smith-Castro & Rodewald (2010) found
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that human use of recreational trails only had a
short-term effect on the behaviour of nesting birds
and that the use of the trails did not affected the
nesting success. Still, our results do not address
whether the Red-backed Shrike is affected by
more severe human disturbance than that occur-
ring along small roads and foot paths.

In summary, the Red-backed Shrike preferred
territory habitats with high wetness, possibly
linked to food availability, and heterogeneous veg-
etation, consistent with their need for low vegeta-
tion for hunting and higher vegetation such as
bushes or small trees to be used as hunting perches
and nest sites. Red-backed Shrike did not seem to
be affected by human disturbance associated with
roads or paths within their territories. These results
provide some guidelines for management to fa-
vour Red-backed Shrike breeding populations.
Vegetation should be a mix of open areas and
patches of woody vegetation, with many thorny
shrub species like Prunus spinosa and Rubus
fruticosus, as they constitute preferred nest sites
and are also used by Red-backed Shrikes for cach-
ing food items. This type of landscape would not
only benefit the Red-backed Shrikes, but also
many other birds, arthropods and plants (Holland
& Luff 2000, Berg 2002, Brambilla et al. 2009).
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Tornskatans val av habitat och boplats
i viistra Danmark

I denna studie undersokte vi tornskatans (Lanius
collurio) val av habitat och boplats i nationalpar-
ken Mols Bjerge, i Danmark. Vi hittade totalt 28
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bon under 2010-2011. For att faststélla preferens
for boplats jamfordes vegetationens artsamman-
sittning i buskage som anvindes for hickning,
med ndrmaste buskage utan hdckning. For att un-
dersdka val av habitat estimerade vi sannolikheten
for hackning med hjélp av nérvaro/franvaro-data
(med s.k. RSPF; Resource Selection Probability
Function). Habitatet beskrevs med métningar av
vegetationens hojd och topografisk vathet (baserat
pa LIDAR-metoden; Light Detection And Rang-
ing), samt avstandet till ndrmaste stig/viag, som en
indikator pa antropogen storning. Buskage som
anvéndes som boplats priglades av taggiga busk-
arter sa som slan (Prunus spinosa) och bjornbér
(Rubus fruticosus). RSPF visade att tornskatans
ndrvaro korrelerade positivt med vegetationens
heterogenitet och topografisk vathet, men saknade
statistiskt samband med avstdnd till ndrmaste
stig/vdg. Dessa resultat kan anvandas som riktlin-
jer vid forvaltning. Tornskatans preferens att byg-
ga bo i habitat med hogre fuktighet, har troligen att
gora med battre tillgang till foda. Mer heterogen
vegetation motsvarar béttre artens behov: att jaga i
lag vegetation, samt hélla utkik och hicka i hogre
vegetation. Framfor allt hdgre vegetation med tag-
giga buskar &r viktig som héckningsplats.
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Appendix 1. A full list of the plant species found in the nest scrub, nearest scrub and nearest thorny scrub
and how they were grouped (ground-layer species, thornless species, thorny species). The last column

(Occupancy%) presents the average percentage scrub occupancy volume in nest scrub (n = 20).

English name Latin name Author Category Occu-
pancy%

Bird’s-foot Trefoil Lotus corniculatus L. Ground-layer 0.15
Buttercup Ranunculus spp. L. Ground-layer 0.05
Cleavers Galium aparine L. Ground-layer 0.60
Cock’s-foot Dactylis glomerata ssp. glomerata L. Ground-layer 0.30
Common Silverweed Argentina anserina (L.) Rydb. Ground-layer 0.10
Common Stitchwort Stellaria graminea L. Ground-layer 0.05
Common Toadflax Linaria vulgaris Miller Ground-layer 0.05
Common Wormwood Artemisia vulgaris L. Ground-layer 0

Common Yarrow Achillea millefolium L. Ground-layer 0.05
Dandelion Taraxacum spp. Wigg. Ground-layer 0.10
Dock Rumex spp. L. Ground-layer 0.05
Fern Polypodiopsida spp. Ritgen Ground-layer 0.10
Grasses Poaceae spp. L. Ground-layer 1.35
Gypsy’s Rose Knautia arvensis (L.) Coult. Ground-layer 0

Harebell Campanula rotundifolia L. Ground-layer 0.05
Hedge Parsley Torilis japonica (Houtt.) DC. Ground-layer 0.25
Horsetail Equisetum spp. L. Ground-layer 0.05
Lady’s Bedstraw Galium verum ssp. verum L. Ground-layer 0

Mint Mentha spp. L. Ground-layer 0.25
Mosses Bryopsida spp. Ground-layer 0

Ragwort Senecio spp. L. Ground-layer 0

Red Clover Trifolium pratense L. Ground-layer 0

Ribwort Plantain Plantago lanceolata L. Ground-layer 0

Rosebay Willowherb Epilobium angustifolium (L.) Scop. Ground-layer 0.50
Soft Rush Juncus effusus L. Ground-layer 0.45
Stinging Nettle Urtica dioica L. Ground-layer 2.45
St. John’s wort Hypericum spp. L. Ground-layer 0

Thistle Carduus spp. L. Ground-layer 0.05
Tufted Vetch Vicia cracca L. Ground-layer 0.10
Violet Viola spp. Ground-layer 0.10
Birch Betula spp. L. Thornless 0

Elder Sambucus nigra L. Thornless 7.25
Bittersweet Solanum dulcamara var. dulcamara L. Thornless 0.35
Crab Apple Malus sylvestris (L.) Mill. Thornless 2.80
Honeysuckle Lonicera periclymenum L. Thornless 4.25
Juniper Juniperus communis L. Thornless 10.60
Mirabelle Plum Prunus domestica ssp. syriaca Janch. Thornless 0.25
Oak Quercus spp. L. Thornless 3.80
Sour Cherry Prunus cerasus L. Thornless 0

Spindle Euonymus europaeus L. Thornless 0

Unspecified tree Thornless 0

Willows Salix spp. L. Thornless 0

Blackberry Rubus fructicosus L. Thorny 14.30
Hawthorn Crataegus spp. L. Thorny 0.15
Raspberry Rubus idaeus L. Thorny 0.20
Rose Rosa spp. L. Thorny 15.75
Sloe Prunus spinosa L. Thorny 33.60




