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The structure and quality of breeding habitats play an essential role for breeding success
of individuals and thus, the viability of populations. Knowledge on habitat requirements
can guide management practises to ensure optimal conditions for breeding. In this study,
we investigate the effect of different habitat features and forest management strategies on
the breeding performance of Red-backed Shrikes (Lanius collurio) breeding in Gribskov
forest, Denmark. We found that the availability of available perches for hunting is the
main predictor having a positive effect on number of breeding pairs and fledglings. It was
also positively associated with the number of years that the clearing has been occupied by
breeding pairs. Furthermore, clearings with grazing animals contained breeding pairs for
more years than clearings without grazing, suggesting improved foraging conditions in
clearings with low vegetation. Our results provide direct applications for forestry man-
agement for improving the conservation status of this species.

1. Introduction

The last century’s conversion of the European
landscape, from small scale farming practices with
grazing animals to large scale agricultural mono-
cultures, has been detrimental to many populations
of open land bird species, such as the Red-backed
Shrike (Lanius collurio) (Chamberlain et al.
1999). Although the overall European conserva-
tion status of Red-backed Shrikes is now consid-
ered stable (BirdLife International 2016), several
Western European populations of Red-backed
Shrike have been declining during the last 30-50
years and the species has been nearly extirpated
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from the British Isles (Yosef 1994, BirdLife Inter-
national 2004, Telleria 2018). The Danish popula-
tion has been estimated to number 1,500-3,000
breeding pairs, with a shift in distribution since the
1970s from eastern to more western parts of the
country (Grell 1998). This, mainly insectivorous
long-distance migrant (Cramp & Perrins 1994,
Tettrup et al. 2012a) occurs over a broad range of
habitats throughout its breeding range, including
low-intensity farmland with a mosaic-like land-
scape of pastures, fallows and scattered trees,
bushes, small woods as well as forest clearings
(Cramp & Perrins 1994, Titeux et al. 2007, Tryja-
nowski et al. 2007, Hollander et al. 2011, Ajder &
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Baltag 2017). Although, Red-backed Shrikes may
be flexible in habitat choice (Svendsen et al. 2015,
Pestka et al. 2018), the main factors determining
habitat suitability are likely a combination of
dense shrubs for nesting, open sunny areas for
hunting, and the presence of freestanding and
evenly distributed perches (Olsson 1995a, Titeux
et al. 2007). Studies have also shown a strong as-
sociation with scrublands, hedgerows, and forest
edges (Olsson 1995a, Vanhinsbergh & Evans
2002, Brambilla et al. 2007, 2009), as well as with
the abundance of large invertebrates (Titeux ez al.
2007, Gotawski & Gotawska 2008, Pedersen et al.
2012). Furthermore, local weather conditions dur-
ing the breeding season may affect breeding suc-
cess (reviewed by Jergensen et al. 2013).

The main causes of population declines across
Europe are likely associated with intensification of
agricultural regimes over the last five decades with
the conversion of pastures and meadows into
large-scale monoculture fields and the use of pesti-
cides (Tucker & Heath 1994, Chamberlain e? al.
1999). However, conditions during migration and
on wintering grounds may likewise influence po-
pulation size (Pasinelli et al. 2011, Tettrup et al.
2012b). As the availability of preferred habitat de-
clines, Red-backed Shrike populations may be in-
creasingly confined to other, more temporary hab-
itat types, such as forest clear-cuts (Olsson 1995a,
Hollander et al. 2011, Soderstrom & Karlsson
2011).

The overall aim of the present study is to derive
evidence-based recommendations for forest man-
agement practices, in order to maintain and poten-
tially improve conservation status for the Red-
backed Shrike. Our objective is to identify key
habitat features and the effects of different forest
management practises important for breeding suc-
cess and population viability in the Red-backed
Shrike. We approach these questions by investi-
gating breeding performance in forest clearings in
relation to five forest clearing features describing
different forest management practises and levels
of succession.

2. Material and methods

Our study was carried out in Gribskov (56°0° N,
12°20’ E), one of the largest forested areas in Den-
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mark covering ca. 5,600 ha. The breeding popula-
tion of Red-backed Shrikes in Gribskov numbers
approximately 100 pairs found on recent clear-
cuts and on permanent clearings with grazing
(Pedersen et al. 2011). We included all clearings in
the southern part of Gribskov making up a total
forested area of ca. 2,000 ha. This comprises a total
of 40 clearings covering 116 ha (average clearing
size = SD: 3.2 + 2.8 ha). In two cases, multiple
clearings could be considered part of an overall
site sharing some similarities in habitat character-
istics. The clearings were monitored for breeding
occurrence of Red-backed Shrikes during six
years (2004-2009) and for breeding success dur-
ing four years (2006-2009).

From these efforts, three measures of habitat
suitability were applied: (1) number of fledglings
(2006-2009), (2) number of breeding pairs (2006—
2009), and (3) total number of years with breeding
pairs during the six-year monitoring period
(2004-2009). The basic unit of our investigation is
clearing rather than territory for the following rea-
sons: (1) actual territories of the individual bree-
ding pairs are difficult to assess because of a high
degree of overlap, (2) each clearing form a uni-
form habitat easily characterised, (3) birds are as-
sumed to utilize the clearing and not move to
neighbouring clearings or into the forested areas
during breeding, and (4) data on breeding success
are available as total number of fledged chicks as
the family flocks spread out within the clearing af-
ter fledging making assessment of chicks per bree-
ding pair impossible (details in Pedersen et al.
2011).

To investigate the effects of different forest
management practices on breeding performance,
we collected data on five habitat parameters in the
year 2010: (1) presence of forestry slash (i.e.,
coarse and fine woody debris) left on clearings
(could serve as perches, caches and/or nesting
sites), (2) abundance of suitable perches divided
into three categories; scarce (open with very few
trees along clearing edge), frequent (few trees also
in clearing center), or abundant (single trees found
throughout the clearing), (3) presence of nesting
trees in terms of young Beech (Fagus sylvatica)
and/or Spruce (Picea abies) in the clearing as these
are the preferred tree species used for nesting by
Red-backed Shrikes at this breeding site (Pedersen
etal.2011), (4) whether the clearing was replanted
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after logging, and (5) whether the clearing was
regularly grazed by livestock. Although local
changes may have occurred over the study period
in clearings due to succession, all habitat variables
were representative of clearings going back to
2004.

2.1. Statistical analyses

We modelled the effect of all habitat parameters on
the number of breeding pairs and fledglings using
a Generalized Linear Mixed Model (GLMM) with
a poisson distribution, an offset of the natural loga-
rithm of area to account for clearings of different
sizes as well as a random effects of year and site to
account for the fact that data had been collected
over multiple years (2006-2009) and that some
clearings belonged to the same overall site. The
models were run using the R-package /me4 ver-
sion 1.1-17 (Bates et al. 2015).

We checked for overdispersion using the dis-
persion_glmer function from the R-package
blmeco version 1.1 (Korner-Nievergelt et al.

Breediﬁg pairs

Fledélings Years o'ccupied

2015). Dispersion parameters were estimated as
0.82 and 0.94 for the models of breeding pairs and
fledglings, respectively, thus, indicating no serious
sign of over or under-dispersion. We modelled
number of years with breeding pairs using a Gen-
eralized Linear Model (GLM) with a poisson
distribution as we detected no sign of over-
dispersion (residual deviance 34 compared to 29
degrees of freedom).

The model included fixed effects of all habitat
parameters and an offset of the natural logarithm
of area. Visual inspection of residual plots re-
vealed no violations of model assumptions for any
of the above-mentioned models, and none of the
habitat parameters included in the models were
highly correlated (Generalized Variance Inflation
Factor = 1.06-1.21). Inference was based on a
backwards stepwise model selection procedure
(function: drop1) with a y’-test to determine the fi-
nal model parameters. From the final models, we
derived estimated marginal means for a pairwise
comparison of factor levels using the R-package
emmeans version 1.2.4 (Lenth 2016). All analyses
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were conducted in the statistical software R ver-
sion 3.5.1 (R Core Team 2018).

3. Results

We found a strong positive association between
the availability of perches in clearings and the
number of breeding pairs, fledglings and total
number of years occupied by Red-backed Shrikes
(Table 1, Fig. 1). Increasing the level from scarce
to frequent availability of perches significantly in-
creased the number of breeding pairs and years oc-
cupied, while increasing the level from scarce to
abundant generated an increase in all response
variables. Furthermore, we found a strong signifi-
cant positive association between occurrence of
grazing and the number of years clearings were oc-
cupied by breeding Red-backed Shrikes, while
none of the other variables included in the model
had significant effects on breeding occurrence or
success (Table 1).

4. Discussion

We show that specific forest management prac-
tices during and after clear-cutting strongly affect
subsequent breeding habitat quality for Red-
backed Shrike. Most importantly, the abundance
of perches available for Red-backed Shrikes in
clearings was positively related to both breeding
performance and occurrence of breeding pairs in
the clear-cut. However, the presence of grazing
animals on clearings, in addition to abundance of
perches, likewise seemed to be positively associ-
ated with the number of years occupied by bree-
ding Red-backed Shrikes.

Perches are likely highly important to Red-
backed Shrikes as they facilitate hunting opportu-
nities. Thus, a high availability of perches provid-
ing good look-outs across the clearing may in-
crease the probability of successful hunting at-
tempts. The height of perches may also affect the
likelihood of detecting prey, and heights within the
range of 1.5-3.5 meters has been shown to be pre-
ferred by Red-backed Shrikes (Carlson 1985,
Olsson 1995a, Titeux et al. 2007). In addition,
perches with thorns may provide opportunities for
caching, a common strategy for storing food in
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Red-backed Shrikes (Hernandez 1995). In a pre-
vious experimental study on Loggerhead Shrikes
(Lanius ludovicianus), artificial perches were
placed in territories with only few look-out posts
(Yosef & Grubb 1994). This resulted in a de-
creased territory size and an increase in local po-
pulation size. Thus, future studies could explore
the importance of different types of perches and
heights experimentally by manipulating clearings.

Our results confirm previous studies showing a
positive effect of grazing (Vanhinsbergh & Evans
2002, Brambilla et al. 2007, Gotawski & Meissner
2008) on abundance and breeding success of Red-
backed Shrikes in forest clearings. Grazing pre-
vents tall grasses from dominating clearings, se-
curing short vegetation and exposed ground,
which facilitate hunting opportunities for Red-
backed Shrikes. In addition, dung from the grazing
animals may attract insects that increase food avai-
lability and thus, habitat suitability (see also Go-
tawski & Meissner 2008).

Surprisingly, we found no significant effects of
other habitat parameters on breeding performance
or occupation of clearings by Red-backed Shrikes.
The lack of an effect of nest tree availability, could
potentially be explained by the fact that Red-
backed Shrikes use a variety of nesting places
(Olsson 1995b, Soderstrém 2001, Pedersen et al.
2011; but see: Svendsen et al. 2015). Thus, availa-
bility of e.g., bushes or slash heaps may have pro-
vided equally good breeding opportunities for in-
dividuals in clearings without conifer and beech
trees as considered suitable nest trees in this study.
The parameters investigated here might also to an
unknown degree be confounded with each other,
which could cause a potential bias to our results.
For instance, slash left in heaps may explain some
of the variation caused by perches, as these can
likewise be used for perching and caching of prey
items.

Other habitat parameters, besides the ones in-
vestigated here could also affect the breeding pop-
ulations in forested areas. We were not able to in-
clude different logging practices, original forest
type, and different growth rates for different re-
planted trees in the present study. These are poten-
tially important aspects that should be included in
future research on habitat suitability in forest
clearings. Our results indicate that maintenance of
open habitats with perches, along with grazing
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Table 1. Estimates, standard errors and p-values of fixed effects of initial full models and of post-hoc
pairwise comparisons of final reduced model parameters explaining number of breeding pairs, number of
fledglings and number of years occupied by Red-backed Shrikes. Fixed effects consisted of slash (present
/ not present), perches (abundant / frequent / scarce), nesttree (present / not present), clearing replanted
after clear-cutting (yes / no), grazing animals (present / not present).

Number of breeding pairs

Initial GLMM (AICc = 326.3)

Fixed effects Estimate SE p
Slash 0.27 0.22 0.227
Perches (frequent) 1.45 0.54 0.007
Perches (abundant) 1.83 0.51 <0.001
Nesttree -0.14 0.4 0.725
Replanted 0.1 0.24 0.63
Grazing 0.27 0.33 0.419
Final GLMM (AICc = 319.7)
Perches
Frequent-Scarce 1.39 0.52 0.021
Abundant-Scarce 1.74 0.48 <0.001
Abundant-Frequent 0.35 0.26 0.359

Number of fledglings
Initial GLMM (AICc = 288.4)

Fixed effects Estimate SE p
Slash 0.09 0.19 0.653
Perches (frequent) 0.88 0.52 0.093
Perches (abundant) 1.27 0.44 0.004
Nesttree 0.00 0.56 0.994
Replanted —-0.02 0.20 0.934
Grazing -0.05 0.29 0.870
Final GLMM (AICc = 279.5)
Perches
Frequent-Scarce 0.91 0.46 0.117
Abundant-Scarce 1.29 0.39 0.003
Abundant-Frequent 0.38 0.27 0.339

Years occupied

Initial GLM (AICc = 142.2)

Fixed effects Estimate SE p
Slash -1.18 0.23 0.422
Perches (frequent) 1.50 0.56 0.007
Perches (abundant) 2.04 0.54 <0.001
Nesttree -0.50 0.40 0.211
Replanted 0.12 0.23 0.609
Grazing 0.41 0.28 0.146
Final GLM (AICc = 135.6)
Perches
Frequent-Scarce 1.56 0.56 0.014
Abundant-Scarce 1.93 0.52 <0.001
Abundant-Frequent 0.37 0.25 0.323

Grazing 0.56 0.23 0.016
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within forested areas provide profitable habitat for
Red-backed Shrikes. Thus, the retention of single
standing trees, tree stumps and bushes scattered
across the clearing and along the clearing edge
during clear-cutting may benefit Red-backed
Shrike occurrence and breeding success. Like-
wise, the maintenance of clear-cuts, preventing
them from becoming overgrown is essential to en-
sure Red-backed Shrike occurrence. Overall, such
forest management practises may offer habitat
mitigation for bird species associated with low-in-
tensity farmland being lost in recent decades.
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Hakkuuaukkojen metsinhoitotoimien
vaikutukset pikkulepinkiisen
(Lanius collurio) lisdlintymiseen

Elinympariston laatu vaikuttaa lisddntymismenes-
tykseen ja sité kautta populatioiden elinkelpoisuu-
teen. Lajin elinympéristovaatimusten parempi
kartoittaminen mahdollistaa valitsemaan metsin-
hoitotoimet, jotka tukevat lajin sdilymistd. Tut-
kimme habitaatin ja metsdnhoitotoimien vaikutus-
ta pikkulepinkdisen lisd&ntymismenestykseen
Tanskassa. Havaitsimme, ettd saalistuksessa tar-
vittavien oksien saatavuus oli tarkein pesivien pa-
rien ja lentopoikasten maédrdd lisddva tekija. Se
korreloi my®s positiivisesti hakkuuaukoilla pesin-
tojen kanssa. Hakkuuaukoilla, joita oli laidunnet-
tu, tavattiin pesivid pareja useammin kuin laidun-
tamattomilla alueilla. Tdma viittaa siithen, ettd ra-
vinnonsaatavuus on parempi kun hakkuuaukkojen
kasvillisuus on matalampaa. Tuloksemme tarjoa-
vat suosituksia metsdnhoitotoimenpiteistd, joilla
voidaan parantaa lajin sdilymista.
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