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Abstract

Forest management practices have a long history in Central Europe resulting in altered forest
ecosystems. Intensive forestry processes can cause severe changes in the composition and
age structure of forests and forest bird diversity. By contrast, sustainable silvicultural practices
can preserve forests in a nature near state and thereby support forest birds. This study was
conducted in 116 to 161-year-old forest stands in the unmanaged core zone as well as in the
managed parts of the Wienerwald Biosphere Reserve, Central Europe’s largest deciduous
beech forest known for its rich biodiversity. The core zone areas are formerly managed forests
taken out of use at least since 2003. The non-core zone areas are very sustainably managed
without clear cuts, a natural tree species composition, steppingstones and standing old living
or dead trees. In this study, | compared the impact of the different forestry management on
numerical and functional bird diversity between the core and non-core zone. The bird diversity
was assessed with point counts in the morning hours from mid-March to mid-June. | found a
significant relation between a higher avian species richness and a denser canopy and a wider
range of canopy cover values. Steeper slopes were associated with a significantly lower
abundance. The forest age and the mean DBH showed a significant impact of on the avian
species composition. However, | could not find a significant difference between the species
richness, abundance, Shannon Diversity Index and community composition between the core
and non-core zone, although | found significantly higher canopy cover values and on average
10 years younger forest stands in the core zone. My findings suggest that the core and non-
core zone both are very natural like and may be still too similar to ascertain differences in
species richness, abundance and Shannon Diversity Index and that the silvicultural practices
in the non-core zone support a very nature near forests.



Kurzfassung

In Mitteleuropa hat die Waldbewirtschaftung eine lange Geschichte. Intensive
Waldbewirtschaftung bewirkt schwerwiegende Veranderungen in der Artenzusammensetzung
und Altersstruktur der Walder und in weiterer Folge der Waldvogeldiversitat. Im Gegensatz
dazu kénnen nachhaltige Waldbaupraktiken einen naturnahen Wald erhalten und Waldvégel
fordern. Diese Studie wurde in der Kern- und der nicht-Kernzone des flr seinen Artenreichtum
bekannten, grofdten Buchenlaubwald Mitteleuropas, dem Biospharenpark Wienerwald
durchgefiihrt. Die Kernzonenflachen sind seit spatestens 2003 aulier Betrieb genommene,
ehemals bewirtschaftete Walder. Die Nicht-Kernzonenflachen werden sehr nachhaltig
bewirtschaftet, ohne Kahlschlage, mit natirlicher Baumartenzusammensetzung, Trittsteinen
und stehenden alten Baumen. Ich habe den Einfluss der Waldbewirtschaftung auf numerische
und funktionelle Vogelvielfalt zwischen Kern- und Nicht-Kernzone verglichen. Die Vogelvielfalt
wurde durch morgendliche Punktzéhlungen von Mitte Marz bis Mitte Juni erfasst. Ich fand
signifikante Einfllisse zwischen einem hdheren Vogelartenreichtum und einer héheren dichte
und gréReren Streuung der Kronendachbedeckung. Weiters fand ich einen signifikanten
Zusammenhang zwischen Hangneigung und Abundanz. Das Waldalter und der BHD zeigten
einen signifikanten Einfluss auf die Zusammensetzung der Vogelarten. Jedoch konnte ich trotz
signifikant héherer Kronendachbedeckung und jingerer Baumbestande in der Kernzone
keinen signifikanten Unterschied zwischen Artenreichtum, Abundanz, Shannon
Diversitatsindex und Artengemeinschaft zwischen Kern- und Nicht-Kernzone feststellen.
Meine Ergebnisse deuten auf eine sehr naturnahe Kern- als auch Nicht-Kernzone hin, die sich
in Bezug auf  Artenreichtum, Abundanz, Shannon Diversitatsindex  und
Vogelartenzusammensetzung noch sehr stark ahneln, und dass die Waldbewirtschaftung in
der Nicht-Kernzone einen sehr naturnahen Wald mit vielen Lebensraumen fur naturlicherweise
vorkommende Waldvégel ermdéglicht.



1 Introduction

The avifauna is often used as an indicator of forest ecosystems as birds are easy to perceive
and have various ecological functions in ecosystems (Roberge and Angelstam 2006; C. H.
Sekercioglu 2006; Larsen, Sorace, and Mancini 2010; Gregory and Strien 2010). The seed
dispersal of frugivores, the pest control of predators that feed on invertebrates and vertebrates,
the carcass and waste disposal of scavengers, and the ecosystem engineering of burrow and
cavity breeders are some of the most important avian ecosystem services in northern
temperate forests (C. H. Sekercioglu 2006). Predatory forest birds contribute to a stabilisation
of predator-prey dynamics end therefore are an essential part of forest ecosystems (Herrera
1984; C. H. Sekercioglu 2006). For example, a reduced number of insect feeding birds like
woodpeckers can reduce their impact in controlling pest species and thereby lead to an
increased number of bark beetles (Fayt, Machmer, and Steeger 2005). Many insectivorous
birds are very specialised and sensitive to changes in environmental conditions, as they rely
on insects as food source (Sekercioglu, Daily, and Ehrlich 2004; Sherry 1984; C. Sekercioglu
2006). This is because insects are also often specialised to certain environmental conditions
like for example dead and decaying wood, that serves them as food and habitat and the
emergence of insects is bound to seasons. (Sekercioglu, Daily, and Ehrlich 2004; Sherry
1984). Frugivore bird species disperse seeds and thereby genetic plant material from one site
to another, what maintains forest plant diversity and helps forests to spread in a natural way
(Stiles 1985; Daily, Ehrlich, and Haddad 1993). Cavity nesters like woodpeckers act as
ecosystem engineers and keystone species, as they construct nesting sites that are used by
many other cavity-nesting animals like other birds, but also mammals and insects (Pakkala et
al. 2019). Due to the lack of old trees and standing deadwood in many managed forests, tree
holes constructed by woodpeckers are of even greater importance in these forest types than
in primeval forests (C. H. Sekercioglu 2006).

In temperate forests, many bird species are dependent on the availability of tree cavities as
they use them as nesting or sleeping site (Gibbons & Lindenmayer, 2002, as cited in Redolfi
DeZan et al. 2016). Dead and decaying wood, which can often be found in unmanaged forests
or forests with low management intensity, provides habitat and food resources for many
different organisms and thus promotes biodiversity (Bobiec 2005). Forest specialists in general
need a highly structured forest with large mature trees and a high diversity of deadwood, as
younger trees offer fewer possibilities for nesting (Brazaitis and Angelstam, 2004; Gil-Tena,
Saura, and Brotons 2007; Ghadiri Khanaposhtani et al. 2013; Czeszczewik et al. 2015; Redolfi
DeZan et al. 2016; Perry et al. 2018). For example, Woodpeckers build their own cavity in large
living trees and standing deadwood, which is more often to find in unmanaged and natural-like
forests. Other species such as European nuthatches (Sitta europaea), tits (e.g. Parus major,
Cyanistes caeruleus, Periparus ater), treecreepers (Certhia sp.), flycatchers (Ficedula sp.),
European starling (Sturnus vulgaris), field sparrow (Passer montanus), stock dove (Columba
oenas), or tawny owl (Strix aluco) are dependent on natural holes or holes excavated by
woodpeckers (Bobiec 2005; Aitken and Martin 2007; Blanc and Walters 2008; Wesotowski and
Rowinski 2012).

Forest management practices have a long history in Central Europe resulting in altered forests.
Timber harvesting practices can cause a severe change in the composition and age structure
of forests and, consequently, a change in forest bird diversity (Kosenko and Kaigorodova 2001;
Brazaitis and Angelstam, 2004; Tozer et al. 2010; Czeszczewik et al. 2015). Cavity-nesting
birds, for example, are particularly sensitive to changes in forest management practices,
because forestry measures often cause habitat fragmentation, habitat loss and isolation of
single populations (Kosenko and Kaigorodova 2001; Brazaitis and Angelstam, 2004,
Czeszczewik et al. 2015). Intensive forestry processes like clearcutting, removal of deadwood
and tree planting can have a negative influence on the habitat quality for various bird species
(Czeszczewik et al. 2015). However, sustainable forest management practices like selective
logging and retention forestry can preserve the forest in a more natural state or increase
biodiversity by creating more heterogeneous habitats (Vanderwel, Malcolm, and Mills 2007;
Schall et al. 2018; Schulze et al. 2019).



According to the intermediate disturbance hypothesis, in natural forests, clearings or gaps
caused by natural disturbance processes like riverbuilding or treefall, lead to a dynamic mosaic
of canopy openings (Bongers et al. 2009; Shea, Roxburgh, and Rauschert 2004; Roxburgh,
Shea, and Wilson 2004; Johns 1997). These gaps can lead to an increase in biodiversity by
slightly changing the environmental factors so that a wider range of species like climax species,
that favour late successional forest states and pioneer species that favour open habitats can
coexist (Bongers et al. 2009; Shea, Roxburgh, and Rauschert 2004; Roxburgh, Shea, and
Wilson 2004; Hill 1999). However, lower or higher grades of disturbance often lead to a minor
level of biodiversity (Connell 1978). More severe disturbance like happening in intensively
managed forests have a negative influence on many species and specialised forest species
are the first ones to be lost (Hill 1999; Shea, Roxburgh, and Rauschert 2004; Czeszczewik et
al. 2015). This applies for example to forest specialist birds or insects that depend on closed
old-growth forest (Thiollay 1997; Czeszczewik et al. 2015; Perry et al. 2018; Hill 1999).

Insect diversity and abundance is influenced by different environmental factors, like the amount
of dead and decaying wood and the quantity of light available under the canopy, that
determines the vegetation and thereby the food sources of insects and the forest microclimate.
(Steffan-Dewenter and Tscharntke 1997; Hamer et al. 2003; Bobiec 2005). An extensive
canopy opening bigger than natural gaps can lead to a change in the natural food supply and
a changed, dryer microclimate what may affect forest specialist insects that are sensitive to a
reduced humidity (Hill 1999; Steffan-Dewenter and Tscharntke 1997). Dead and decaying
wood are an important food source and habitat for many forest specialist insects (Bobiec 2005).
The amount of dead and decaying wood, forest specific microclimate and vegetation
determines the diversity and abundance of insects what makes insectivore birds the most
vulnerable feeding guild, as omnivores, granivores or carnivores can find alternatively find
sources more easily in the cultural landscape (Hill 1999; Steffan-Dewenter and Tscharntke
1997; Bobiec 2005; Thiollay 1997; C. H. Sekercioglu et al. 2002).

Mature forests are characterised through taller and older trees, which lead to an increased
supply of nesting sites and food resources (Gustafsson et al. 2012; Fedrowitz et al. 2014).
Putting forests out of use and sustainable forest management methods retain large, mature
trees, deadwood and a forest typical microclimate and thereby provide enough food, habitats
and nesting sites not only for generalists but also forest specialist birds (Gustafsson et al. 2012;
Fedrowitz et al. 2014). In retention forestry the type and quantity of the maintained forest
structures are important as the goal is the preservation of functioning ecosystems between
forest generations (Gustafsson et al. 2012). In contrast to intensive forestry processes,
retention forestry provides a more diverse forest ecosystem and thus, is able to support forest
species (Gustafsson et al. 2012; Fedrowitz et al. 2014). Maintained forest structures like
mature trees are possibly conserving specialist species, which are often rare and have
decreasing populations (Gustafsson et al. 2012; Fedrowitz et al. 2014).

Another sustainable forestry management method to keep the forest very nature near is
realised in the managed Parts of the Wienerwald Biosphere Reserve. In the non-core zone of
the Wienerwald Biosphere Reserve they avoid damaging large areas of the forest floor, no
clear cuts are made and, only a part of the mature trees are removed and a natural tree species
composition through natural regeneration is promoted (Osterreichische Bundesforste 2023a;
Biospharenpark Wienerwald Management GMBH 2023). OId trees with structures such as
wide crowns, broken branches, tree cavities and ruptures in the trunk or standing deadwood
are often left standing if procurable without a safety risk so that many important habitat features
for many forest birds never completely disappear (Osterreichische Bundesforste 2023a;
Biospharenpark Wienerwald Management GMBH 2023). Furthermore, trees or tree parts of
inferior quality are left in the forest as dead wood (Biospharenpark Wienerwald Management
GMBH 2023). Stepping stones like hedges of native plant species between and dead wood
islands connect the managed parts of the Wienerwald Biosphere reserve with the core zone
and other protected areas (Biospharenpark Wienerwald Management GMBH 2023;
Osterreichische Bundesforste 2023b).



This study took place in the Wienerwald Biosphere Reserve, Central Europe’s largest
deciduous beech forest that is known for its rich biodiversity (Kéck, Koch, and Diry 2009). More
than 60% of the whole Wienerwald Biosphere Reserve are forests (Biospharenpark
Wienerwald Management GmbH 2021b; 2021a). The study was carried out in the core zone
and the managed parts of the Wienerwald Biosphere Reserve. In the buffer zone, ecologically
sustainable activities and land use are allowed whereas the development zone serves as
settlement and recuperation area (Kéck, Koch, and Diry 2009). The buffer and the settlement
zone form the non-core zone of the Wienerwald Biosphere Reserve where a very sustainable
silvicultural practice is applied. (Kéck, Koch, and Diry 2009). An area of approximately 5400
ha is declared as core zone, in which no forestry practices are carried out, human intervention
is extremely limited and habitats are held as nature near as possible (Biospharenpark
Wienerwald Management GmbH 2021b; Kéck, Koch, and Diry 2009). The core zone areas in
the Vienna Woods Biosphere Reserve are formerly managed forests in which no management
has taken place since 2003 at the latest, so that only a few forest stands in the core zone areas
have already reached the climax succession stage (Brenner 2014). Trees in the core zone are
left to themselves, thus they can live for several hundred years and can remain in the natural
cycle as dead and decaying wood. Natural forests often show a higher amount of dead and
decaying wood, older and larger trees and more trees with a large diameter compared to
managed forests and therefore often contain a higher number of species (Béhm et al. 2013;
Paillet et al. 2010; Dkland et al. 2003). Those impacts are stronger, the more time has passed
since the abandonment of the forestry management (Paillet et al. 2010).

In this study, | compared the influence of the different forest management methods in the
Wienerwald Biosphere Reserve on numerical and functional bird diversity between the
unmanaged core zone and the managed forest stands in the non-core zone. | hypothesize that
avian species richness, abundance and Shannon Diversity Index is higher in the unmanaged
core zone than in the managed parts of the Wienerwald Biosphere Reserve. Furthermore, |
hypothesize that a distinct avian community and a difference in the proportion of the different
functional groups in the core zone and the non-core zone.



2 Material and Methods

2.1 Study area

This study was conducted in 116 to 161-year-old forest stands in 25 research plots in the
unmanaged core zone as well as in 25 research plots in the managed parts of the Wienerwald
Biosphere Reserve in the northeast of Vienna (Figure 1).
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Figure 1: Location of the 25 research plots in the core zone (green) and in the managed parts (purple) of the
Wienerwald Biosphere Reserve, respectively.

The Wienerwald Biosphere Reserve is shaped by different geological and climatic conditions
and climatic zones and a long history of human impacts through land use (Berger and
Ehrendorfer 2011). The geology ranges from flysch, carbonate and old sea basins with
sediment deposits and the altitude ranges from approximately 160 m to nearly 900 m above
sea level (Kéck, Koch, and Diry 2009; Berger and Ehrendorfer 2011). Due to these varieties
of conditions various distinctive plant communities have emerged (Kock, Koch, and Diry 2009).
The most common plant community in the Wienerwald Biosphere Reserve are beech forests
as they can grow on both flysch and carbonate (Berger and Ehrendorfer 2011). In addition to
being a Biosphere Reserve, large parts of the Wienerwald Biosphere Reserve are protected
by the Natura 2000 network of nature protection areas (Kock, Koch, and Diry 2009). The
Wienerwald Biosphere Reserve consists of a core, a buffer and a development zone (Kdock,
Koch, and Diry 2009). In the buffer zone, ecologically sustainable activities and land use are
allowed whereas the development zone serves as settlement and recuperation area (Kock,
Koch, and Diry 2009). The buffer and the settlement zone form the non-core zone of the
Wienerwald Biosphere Reserve. In the core zone human intervention is extremely limited and
it is held as nature near as possible (Kéck, Koch, and Diry 2009).

The non-core zone is managed with a sustainable forestry management method to keep the
forest nature-near. A natural and site typical tree species composition and natural regeneration
through the germination of seeds from the old stand and thus the emergence of young growth
is specifically promoted (Osterreichische Bundesforste 2023a). The harvesting machines only
move on precisely defined tramlines in order to avoid damaging large areas of the forest floor
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(Osterreichische Bundesforste 2023a). Only as much wood is taken from the forest as can
grow back, so during thinning, no clear cuts are made, but only a part of the old trees are
removed (Osterreichische Bundesforste 2023a). In this way, the seedlings of the old trees can
grow under an existing canopy and the remaining old trees are only removed when the new
forest generation has reached a sufficient growth height (Osterreichische Bundesforste
2023a). During timber harvesting, parts of the crown, branches and trunks or trees of inferior
quality usually are left in the forest (Biospharenpark Wienerwald Management GMBH 2023).
If procurable, old trees with structures such as wide crowns, broken branches, tree cavities
and ruptures in the trunk or standing deadwood that does not pose a safety risk for visitors or
a breeding ground for pests remain in the forest in the function of ecologically valuable biotope
trees (Biospharenpark Wienerwald Management GMBH 2023). Another important approach in
the nature near forestry management are stepping stones like hedges of native plant species
between forest stands or small-scale dead-wood islands for deadwood-dependent species
(Osterreichische Bundesforste 2023b). These stepping stone elements connect the managed
parts of the Wienerwald Biosphere reserve with the core zone and other protected areas
(Biospharenpark Wienerwald Management GMBH 2023; Osterreichische Bundesforste
2023b).

An area of approximately 5400 ha is declared as core zone, in which no forestry practices are
carried out, human intervention is extremely limited and habitats are held as nature near as
possible (Biospharenpark Wienerwald Management GmbH 2021b; Koéck, Koch, and Diry
2009). The core zone areas in the Vienna Woods Biosphere Reserve are formerly managed
forests in which no management has taken place since 2003 at the latest, so that only a few
forest stands in the core zone areas have already reached the climax succession stage
(Brenner 2014). Trees in the core zone are left to themselves, thus they can live for several
hundred years and can remain in the natural cycle as dead and decaying wood. In the
managed forest stands of the Vienna Woods Biosphere Reserve, the average standing
deadwood amounts to 8.92 m3/ha compared to the unmanaged core zone areas with 8.07
m3ha (Brenner 2014). One explanation for on average less standing deadwood per hectare in
the core zone areas than in managed forest stands could be that the last core zone areas have
only been put out of use since the moratorium in 2003 (Brenner 2014). However, natural forests
often show a higher amount of dead and decaying wood, older and larger trees and more trees
with a large diameter compared to managed forests (Béhm et al. 2013; Paillet et al. 2010).
Those impacts are stronger, the more time has passed since the abandonment of forestry
management (Paillet et al. 2010).

2.2 Field methods and data collection

I conducted the study together with Michaela Maislinger. In the managed and the unmanaged
parts of the Wienerwald Biosphere Reserve we visited 25 research plots, respectively. Every
research plot consisted of 3 survey points in a distance of 100 m from each other and 100 m
from the edge of the research plots. In total that made 50 research plots with 150 survey points.
The order of the plot visits varied in every sampling round. The plots were sampled in three
sampling rounds, so every plot was visited three times. To assess the bird diversity in the study
area point counts were used (Sutherland 2006). At each survey point, the abundance of bird
species heard or seen in a radius of 50m were assessed for five minutes simultaneously by
two observers. Both observers each covered a semicircle, taking care not to count any
individuals twice. For the acoustical assessment method, the birds were identified in the field.
Additionally, the bird sounds were recorded to identify birds in a radius of 50m, that could not
be determined during the fieldwork. With the visual method, the birds were spotted and
identified with the naked eye or binoculars. For every spotted bird, the respective species, sex
and further information like overflying bird was noted. The field surveys were conducted
between sunrise and 10:00 am (CEST), when most bird activity occurs. For optimal recording
conditions it was necessary that it didn't rain stronger than drizzle and that the wind speed did
not exceed 15 km/h, because higher wind speed impedes the acoustical perception of bird
sounds too strongly. The period of data collection was from mid-March to mid-June, the period



of pronounced song activity and visibility of breeding birds. The GPS-Coordinates were
recorded with a smartphone with the application Locus Map Pro (Asamm Software r. 0. 2021)
and the exact location of the survey points were marked with coloured ribbons.

In addition to data on bird diversity, habitat parameters were recorded. In order to control for
possible influences of weather on the collected data on the local bird-diversity, daily
temperature, wind and precipitation at nine o’clock from www.meteostat.net were used. For
the study plots in Pressbaum, Mauerbach and Gablitz the weather station Tulln was used
(Meteostat 2022a). For the study plots in Weidlingbach, Kierling, Klosterneuburg and Wien the
weather station Wien Hohe Warte was used (Meteostat 2022b). In mid-June, when the canopy
was fully formed, the percentage of canopy cover and at each survey point was determined.
To assess the percentage of canopy cover, one measurement was taken in each cardinal
direction with a spherical densiometer. The percentage of the cover of the herb and shrub
layers at every survey point was estimated visually. The diameter at breast height (DBH) of fife
representative trees per survey point was measured with a tape measure. The mean and the
median of the DBH, the canopy cover, the shrub cover and the herb cover per survey point
was calculated, as well as the standard deviation (SD) of the DBH and the canopy cover.

2.3 Statistical analysis

Statistics were performed using R version 4.2.2 (R Core Team 2022) and the packages vegan
(Oksanen et al. 2019), gimmTMB (Brooks et al. 2017) and DHARMa (Hartig 2022). For the
auditive and visual sampling method, the same statistical analyses were done separately. In
this study, | consider a significance level below the threshold of p-values from 0.05 as indicative
of statistical significance. P-values ranging from 0.05 to 0.1 are treated as trends, that indicate
a noticeable tendency for values to vary in a particular direction. However, to confirm this,
further analyses, a larger sample size or monitoring the development of the core and the non-
core zone, respectively, would be necessary.

To illustrate the collection success, species accumulation curves for the three runs, the survey
points and the dietary, migratory and nesting guild were created. The species richness,
abundance and Shannon Diversity Index were calculated. The species richness was
calculated as the total number of detected species and the abundance as the total number of
detected individuals for each forestry type per survey point for the core zone and the non-core
zone. To analyse if the assessed data were normal distributed, a Shapiro-Wilk test was used.
The auditive data were normal distributed whereas the visual data showed a binomial
distribution, and a transformation of the data did not lead to a normal distribution. Correlation
tests between the standard deviation of the canopy cover, and the mean of shrub and herb
cover were conducted. The herb cover correlated with the shrub cover and the standard
deviation of canopy cover, so it was excluded in the further analysis.

To prove whether the vegetation structure explains the two forest types a generalised linear
model (GLM) for the auditive and the visual data together was created. The a priori GLM had
the dependent variable forest management and the mean, median, and standard deviation of
DBH and canopy cover, median of herb and shrub cover, forest age, proportion of beech, slope
and area in ha as independent variables and the survey point ID as random effect. A stepwise
AIC in direction backwards and family binomial was conducted to select the best model. The
best fitted GLM selected for included habitat parameters in the following order: mean of DBH
and canopy cover, standard deviation of canopy cover, mean of shrub cover, forest age,
proportion of beech and slope.

With the auditive data a linear mixed-effects model was created because of a normal
distribution and a generalized linear mixed model (GLMM) for the visual data because of a
negative binomial distribution. Diagnostic plots were used to check if the models fit. The linear
mixed-effects model and GLMM had species richness, abundance and the Shannon Diversity
Index per survey point in each case as dependent variables and the mean and the standard
deviation of the DBH and canopy cover, the mean shrub cover, the forest age, the proportion
of beech, the slope and the forest management as independent variables.
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With a PERMANOVA the impacts of forestry management, the mean of canopy cover, DBH
and shrub cover and the standard deviation of the mean canopy cover and the mean DBH on
the bird community was tested. An ANOVA of the distance to group centroid based on a Bray-
Curtis dissimilarity matrix, calculated with the R function “betadisper” (R package vegan) was
conducted. To visualise the Bray Curtis dissimilarity matrix, non-metric multidimensional
scaling (NMDS) plot was used.

For the analysis of the functional diversity, the observed bird species were classified in the
functional groups diet, migratory behaviour, and nesting site. The dietary groups were
classified in omnivores, granivores, insectivores and carnivores considering their main food
group in the breeding season (Renner and Hoesel 2017; Svensson 2018; Schweizerische
Vogelwarte Sempach 2023). The migratory groups were classified in non-migratory bird
species that remain in the breeding area during the winter, in short-distance migrating bird
species that only migrate short distances in winter or only a part of the population migrates and
in long-distance migrating bird species that migrate across the Mediterranean or the Sahara in
winter (Khil 2018; Schweizerische Vogelwarte Sempach 2023). The nesting site groups were
classified according to their nesting sites on the ground, in trees or shrubs, in tree-cavities, in
earth-cavities and in brood parasites (Svensson 2018; Schweizerische Vogelwarte Sempach
2023).

After the classification of the functional groups, | summarized the data per run and forestry
management type for the auditive and visual dataset separately and calculated the Shannon
Diversity Index. A Shapiro-Wilk test revealed a non-normal distribution of both datasets.

The auditive and visual dataset for the functional diversity did not show a normal distribution,
therefore GLMMs were created for the dietary, nesting site, and migratory groups for the two
datasets separately for the analysis of the functional diversity. The dependent variables for the
GLMMs were the abundance and the Shannon Diversity Index. The independent variables
were the mean and the SD of the DBH and the canopy cover, the forest age, the proportion of
beech, the slope and the forestry management. As random factor | used and the functional
group. Subsequently, a likelihood ratio test was performed to ascertain whether the estimated
variance for the effect of different dietary groups was significantly different from zero. This test
compared the full model, which included the random factor, with a reduced model that omitted
this effect. Q-Q plot residual values and residual versus predicted values from the diagnostic
plot package DHARMa (Hartig 2022) were not following ethical patterns for the GLMMs for the
auditive and visual dataset. Consequently, | consider the models as not converged and not
robust and | disregard the models. In further consequence, a different type of model would be
needed for a further evaluation of the data, what was not performed in this study.



3 Results

3.1 Impact of the forestry management on the vegetation structure

The herb cover correlated with the shrub cover (r=0.27, p=<2.2e-16) and the SD of canopy
cover (r=-0.15, p=4.572e-10), therefore it was excluded in the further analysis. The chosen
research plots in the core zone and the non-core zone of the Wienerwald Biosphere Reserve
differed significantly in the mean canopy cover and the mean shrub cover, the forest age, the
proportion of beech and the slope. | found a significantly denser canopy cover in the core zone
but a significantly denser shrub cover in the non-core zone. Furthermore, the analysis revealed
significantly steeper slopes in the core zone, a significantly higher proportion of beech and
significantly older forest stands in the non-core zone. In the non-core zone the mean forest
age on the selected study sites was 141 years. The tree age ranged between 116 and 161
years. On the selected study sites in the core zone , the mean forest age was 131 years, with
a tree age range between 106 and 161 years. The mean DBH and the mean SD of the canopy
cover did not show a significant difference between the two forest management zones, but a
trend (Table 1, Figure 2).

Table 1: Results of the GLM testing the impact of the habitat parameters in the forest management method with
significant dependencies highlighted in bold.

Response Explanatory variable Estimate SE z-value p-value
variable
AIC selected Model
DBH mean 0.036 0.021 1.669 0.095 .
Canopy cover mean -0.388 0.148 -2.613 < 0.009 **
Forest Canopy cover SD -0.390 0.234 -1.667 0.096 .
management Shrub cover mean 0.024 0.009 2763 < 0.006 **
Forest age 0.094 0.022 4.347 < 0.001 ***
Beech proportion 0.159 0.044 3.360 < 0.001 ***
Slope 0.120 0.036 -3.360 < 0.001 ***
Full Model
DBH mean 0.032 0.024 1.331 0.183
DBH SD 0.004 0.038 0.117 0.907
Canopy Cover mean  -0.393 0.147 -2.680 0.007 **
Forest Canopy cover SD 0.421 0.240 -1.753 0.080 .
management Shrub Cover mean 0.025 0.010 2.540 0.011 *
Herb cover mean 0.006 0.010 0.646 0.518
Forest age 0.093 0.022 4248 < 0.001 ***
Beech proportion 0.154 0.044 3.490 < 0.001 ***
Slope 0.111 0.038 -2.939 0.003 **

Significance codes: *=p < 0.05 |**=p <0.01 |***=p<0.001 | Trend =p <0.1
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Figure 2: Boxplots showing the impacts of the forest management on the vegetation structure. The core zone and
the non-core zone of the Wienerwald Biosphere Reserve differed significantly in the mean of the canopy and the
shrub cover, the forest age, the proportion of beech and the slope. The mean DBH and the mean SD of the canopy
cover showed a trend between the two forest management zones.



Altogether, | observed 4885 birds in 55 species with both sampling methods. With the auditive
method | observed 4384 birds, what makes 90% of the data, and with the visual method 501
birds, what represents 10% of the data. | found 7 species, that were only detected auditive or
visual, respectively. | also found 7 species, that were only found in the core zone or the non-
core zone, respectively (Figure 2).

3.2 Observed species and species accumulation curves
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Figure 2: With the auditive and visual method together | observed 4885 birds of 55 species. The auditive method

made 90% and the visual 10% of the data. With both methods | found 7 species, that were only found with one of

both methods, respectively.



Seven species were only found either in the core or non-core zone, respectively. Of the seven

species exclusively found in the core zone, one species was categorized as endangered, two
as near threatened and four as least concern, whereas in the non-core zone, one species was
classified as vulnerable, three as near threatened and three as least concern, according to the
red list of endangered birds of Austria (Umweltbundesamt 2023) (Figure 3). Further details can

be found in Table A1 in the appendix.
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The species accumulation curves for the three runs and the number of study points visited
show, that the plateau of the curve was nearly reached with the auditive method, whereas the
visual method was less successful. (Figure 4).
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Figure 4: Species accumulation curves comparing the collection success of all species of the auditive and the visual
method. With the auditive method, the plateau of the curve was nearly reached, whereas the visual method was
less successful.
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3.3 Species richness, abundance and Shannon Diversity Index

The species richness, the abundance and the Shannon Diversity Index for the auditive data
showed a normal distribution, for the visual data it showed a negative binomial distribution.

A GLMM with the visual data showed a trend of the mean shrub cover on the abundance
(t1,141 = 1.653, p = 0.0984). Further details can be found in Table A2 in the appendix.

With a linear mixed-effects model for the auditive data, | found a statistically significant impact
of the mean canopy cover (11,141 = -2.1669, p = 0.0319, R2 = 0.0060) and the SD of the
canopy cover (11,141 = 2.2131, p = 0.0285, R2 = 0.0048) on the species richness. This
suggests that a denser canopy cover and a wider range of canopy cover values were
significantly related to a higher species richness. Additionally, a steeper slope (in the range
from 9° to 50°) was associated with a significantly lower abundance of birds (11,141 = -2.1177,
p = 0.0360, R2 = 0.0256). Trends were also observed for the mean canopy cover (11,141 = -
1.8531, p = 0.0660) and the SD of the canopy cover (11,141 = 2.6692, p = 0.0085), indicating
potential effects on bird abundance. Furthermore, trends were found for the mean canopy
cover (11,141 = 1.9733, p = 0.0509) and the SD of the canopy cover (11,141 = 1.9733, p =
0.0504) on the Shannon Diversity Index. However, | could not find a significant difference
between the species richness, abundance, and Shannon Diversity Index between the core and
the non-core zone. However, | observed significantly higher canopy cover values in the core
zone compared to the non-core zone (Estimate = -0.393, SE = 0.147, z-value = -2.680, p =
0.007). Additionally, there was a trend in the SD of the canopy cover (Estimate = 0.421, SE =
0.240, z-value = -1.753, p = 0.080) between the core and non-core zone (Figure 5). Further
details can be found in Table A3 in the appendix.
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Figure 5: Significant impact of the linear mixed-effects models for the auditive data testing for the impact of forestry
management and the habitat parameters in the core zone on the abundance.
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3.4 Impact of the forestry management on the bird communities

With the visual data | found a significant impact of the mean DBH on the species composition
(PERMANOVA, F(1, 323) = 4.8853, p = 0.018) and no difference in the dispersion of the
species composition between the core and non-core zone (ANOVA, betadisper, F1, 202 =
2.3599, p = 0.1261). However, with the auditive data, | found a significant impact of the forest
age on the species composition (PERMANOVA, F1, 802 = 4.6461, p = 0.028) and a trend in
the dispersion of the two communities (ANOVA, betadisper, F11, 733 = 1.7549, p = 0.0581)
(Figure 6). Further details can be found in Table A4 in the appendix.
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Figure 6: NMDS Plot visualising the Bray Curtis dissimilarity matrix, showing the communities in the core zone and
the non-core zone. A shows a significant impact of the mean DBH on the community with the auditive data. B shows

a significant effect of the mean DBH with the visual data on the community.
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3.5 Functional Diversity

Feeding groups

80% of the 4885 observed birds were insectivores, 18% grain eaters, 1.9% omnivores and
under 0.1% were carnivores. With the auditive method, the plateau of the species collection
curve was nearly reached for the insectivores in the diet group. For the granivores, omnivores
and carnivores the plateau was reached or nearly reached with both methods (Figure 7).
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Figure 7: Species accumulation curves for the diet groups showing the species collection success. For the insectivores
observed acoustically, the plateau of the curve was nearly reached. For the insectivores perceived visually and the
granivores, omnivores and carnivores the plateau was reached or nearly reached with both methods.

The Likelihood Ratio Test results reveal a significant difference between the full model GLMM
for the auditive data (DF=10) with the feeding groups as random effect and the reduced model
GLMM (DF=11) without the random effect in respect to the bird abundance (p=< 2.2e-16). This
suggests that there is a significant variability in bird abundance associated with different dietary
preferences. However, the same does not apply to the abundance for the visual data
(p=0.9998) and the Shannon Diversity Index (p=0.2769) for the auditive data. Nevertheless,
as | consider the models as not converged and not robust | disregard the models and rate the
associated results as not trustworthy. | could not conduct the analysis of the variability for the
Shannon Diversity Index because the models did not converge due to insufficient data. Further
details can be found in the Tables A5, A6 and A10 in the appendix.
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Migratory status

74% of the observed birds were non-migratory birds, 22% were short distance migratory birds
and 4% were long distance migratory birds. The short distance migratory birds nearly reached
the plateau of the species accumulation curve with the auditive method, which was not the
case with the other groups using both methods (Figure 8).
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Figure 8: Species accumulation curves for the migratory groups showing the species collection success. The short
distance migratory birds perceived acoustically nearly reached the plateau, whereas the short and long-distance
migratory birds did not reach the plateau with both observing methods.

The Likelihood Ratio Test results reveal a significant difference between the full model GLMM
for the auditive data (DF=10) with the migratory status groups as random effect and the
reduced model GLMM (DF=11) without the random effect in respect to the variation of the bird
abundance (p=0.02674) and the Shannon Diversity Index (p=0.01072). This suggests that
there is a significant variability in the bird abundance and the Shannon Diversity Index
associated with different migratory status groups. However, the same does not apply to the
abundance for the visual data for the bird abundance (p=0.9998). Nevertheless, as | consider
the models as not converged and not robust | disregard the models and rate the associated
results as not trustworthy. | could not conduct the analysis of the variability for the Shannon
Diversity Index because the models did not converge due to insufficient data. Further details
can be found in the Tables A7, A8 and A11 in the appendix.
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Nesting site groups

The nesting sites of 65% of the observed birds were in tree holes, 28% in trees, 6% on the
ground, 1% were parasitic breeders. With the auditive method, the plateau of the curve was
nearly reached, whereas the visual method was less successful (Figure 9).
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Figure 9: Species accumulation curves for the nesting groups showing the species collection. With the auditive
method, the plateau of the curve was nearly reached, whereas the visual method was less successful.

The Likelihood Ratio Test results reveal a significant difference between the full model GLMM
for the visual data (DF=10) with the nesting site groups as random effect and the reduced
model GLMM (DF=11) without the random effect in respect to the variation of the bird
abundance (p=0.003374). For the auditive data | only found a trend (p=0.06646) referring to
the variation of the bird abundance. This suggests that there is a significant variability in the
bird abundance associated with different nesting site preferences. Nevertheless, as | consider
the models as not converged and not robust | disregard the models and rate the associated
results as not trustworthy. | could not conduct the analysis of the variability for the Shannon
Diversity Index because the models did not converge due to insufficient data. Further details
can be found in the Tables A9 and A12 in the appendix.
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4 Discussion

The chosen research plots in the core zone and the non-core zone differed significantly in the
mean canopy and shrub cover, the forest age, the proportion of beech and the slope. | found
that a denser canopy cover and a wider range of canopy cover values were significantly related
to a higher species richness. Additionally, a steeper slope (in the range from 9° to 50°) was
associated with a significantly lower abundance of birds. Furthermore, | found a significant
impact of the forest age and the mean DBH on the species composition. Nevertheless, | could
not ascertain a significant difference between the species richness, abundance, Shannon
Diversity Index and the communities between the core zone and the non-core zone.

4.1 Impacts of the forestry management on species richness,
abundance and Shannon Diversity Index

My first hypothesis was a higher avian species richness, abundance and Shannon Diversity
Index in the core zone compared with the non-core zone. | could not confirm this hypothesis
although the core and the non-core zone differed significantly in several vegetational
characteristics. However, avian species composition is linked with environmental
characteristics like the proportion of canopy cover or the slope (Basnet et al. 2016). In further
consequence, those environmental characteristics influence the habitat quality, for example in
the form of the availability of shelter and food resources (Basnet et al. 2016).

Canopy cover

Coinciding to other studies, | found a significant impact of the canopy cover on avian species
richness and abundance (Moning and Miiller 2008). In high montane forests in Central Europe,
Moning and Miller 2008 consider the percentage of canopy cover the most important factor
influencing the occurrence of bird species. In my study a denser canopy cover and a wider
range of canopy cover values were significantly related to a higher species richness. This is
contrary to the findings of many other studies, which show that canopy openings often lead to
an increased bird diversity (Muscolo et al. 2014; Roxburgh, Shea, and Wilson 2004). In natural
forests, clearings or gaps caused by natural processes like riverbuilding or treefall can increase
the biodiversity by slightly changing the environmental factors so that a wider range of species
like climax species, that favour late successional forest states and pioneer species that favour
open habitats can coexist (Bongers et al. 2009; Shea, Roxburgh, and Rauschert 2004,
Roxburgh, Shea, and Wilson 2004; Hill 1999; Johns 1997). With 106-161 years, both the core
zone and the non-core zone are in the optimal phase, characterized by an almost fully closed
canopy (Scherzinger 1991; Moning and Miller 2008). The optimal phase is followed by the
plenter phase, which begins around 250-400 years, when falling deadwood increasingly
creates gaps in the canopy (Scherzinger 1991). This fits the findings of Schieck, Nietfeid, and
Stelfox 1995, who found the lowest canopy heterogeneity in young forest stands, an
intermediate heterogeneity in older forest stands and the highest heterogeneity in mature
forest stands. | could not find a significant difference between the SD of the canopy cover
between the core and non-core zone, only a trend. This also indicates that the core and non-
core zone are still both in a similar succession stage. In my study, the forest age and the
measured canopy cover span with a canopy cover of 90% or higher in 87% of the survey points
and a measured canopy cover range of 78-100% fit the optimal phase. It could be that the
canopy cover measured was too dense and canopy cover span too narrow for gaps and forest
edges to impact the avifauna in the form described in other studies. The forest age influences
the canopy cover and Moning and Muller 2008 consider it to be the second most important
factor influencing the avifauna. Therefore, they suggest a range of canopy openness from 5%
to 70% in forest areas to cover the needs of not only generalists and edge species, but also
more specialised forest birds.
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4.2 Impacts of the forestry management on the avian community
and functional diversity

My second hypothesis was to find a distinct avian community and a difference in the proportion
of the different functional groups in the core zone and the non-core zone. | could partly confirm
this hypothesis.

DBH and forest age

With the mean DBH, that differed with a trend between the core and non-core zone, | found a
significant impact on the species composition. A bigger DBH indicates older trees which in
further consequence can have a positive impact on bird communities, as mature large trees
offer more habitats and nesting sites for birds as younger trees (Czeszczewik et al. 2015). The
forest stands chosen for this study in the non-core zone areas were significantly older than
those in the core zone areas. In Moning and Muller 2008 the forest age was the second most
important factor influencing the bird community. | also found a significant impact of the forest
age on the species composition and a trend in the dispersion of the communities. The mean
age of the forest stands in the core zone was 131 years, whereas the forest stands in the non-
core zone were on average 10 years older. The difference of 10 years in the forest age is only
one factor influencing the forest bird diversity. Nevertheless, this difference and the
decommission of the core zone areas only since at least 2003 could have weakened the impact
of the differing forest management practices on the bird community composition.
Nonwithstanding, the core zone and the non-core zone may still not be sufficiently different to
ascertain differences in the bird community composition. This may be because of the
sustainable forestry management method in the non-core zone of the Wienerwald Biosphere
Reserve on the one hand and the putting out of use of the last core zone areas only since 2003
on the other hand. This resembles the findings of Czeszczewik et al. 2015 in the Bialowieza
Forest in Poland, who compared natural forests in the Bialowieza National Park, sustainable
managed forest stands with very moderate management impacts and intensively managed
forest stands. They found that the richness, abundance and diversity of the sustainable
managed forest stands did not differ significantly from those in the natural forests in the
Bialowieza National Park, but from the intensively managed forest stands (Czeszczewik et al.
2015). Therefore, the chosen forest stands may have not been sufficiently representative in
respect to the forest age and succession stage. However, unfortunately the selection of the
research plots was limited due to logistical, time and equipment restrictions. In further studies,
I would recommend taking this aspect more into account when selecting the study areas.

Functional diversity

The Q-Q plot residual values and residual versus predicted values for the GLMMs for the
analysis of the functional diversity were not following ethical patterns. Consequently, | consider
the models as not converged and not robust and the results as not reliable. A different type of
model would be needed for a further evaluation of the data. Due to time restrictions, this was
not possible in this study. Therefore, the functional diversity could not be evaluated further in
this study.
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4.3 Conclusion

It could be that the managed and not managed parts of the Wienerwald Biosphere Reserve
both are in very a similar nature near state and offer very good habitats for many forest bird
species so that | could not find significant differences in species richness, abundance, Shannon
Diversity Index and bird communities between the core and non-core zone yet. In further
studies, when more of the core zone areas of the Wienerwald Biosphere Reserve have
reached the climax state, there may be a bigger difference between the species richness, the
abundance, the Shannon Diversity Index and the bird communities between the core and non-
core zone. Therefore, | recommend a further investigation of the core and non-core zone over
the course of time to monitor the changes taking place.
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List of abbreviations

This table gives an overview and explanation of the abbreviations used in this study. The page number indicates
the page where the abbreviation was first used.

Abbreviation Meaning Page
BHD Brusthéhendurchmesser 5
CEST Central European Summertime 10
SD Standard deviation 11
DBH Diameter at breast height 11
AIC Akaike information criterion 11
GLM Generalised linear model 11
GLMM Generalised linear mixed model 11
ANOVA Analysis of variance 12
PERMANOVA Permutational multivariate analysis of variance 12
NMDS Non-metric multidimensional scaling 12
SE Standard error 13
DF Degrees of freedom 20
Sum of Sq Sum of squares 34
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Appendix

Table A1: Conservation status of the seven species only found either in the core or non-core zone, respectively,

according to the red list of endangered birds of Austria.

Exclusively found in

English name

Latin name

Conservation status

Core zone

Eurasian scops owl
Eurasian woodcock

Red-breasted flycatcher
Short-toed treecreeper

Crested tit
Western jackdaw

Otus scops
Scolopax rusticola
Ficedula parva

endangered
Near threatened
Near threatened

Certhia brachydactyla Least concern
Lophophanes cristatus Least concern

Corvus monedula

Lesser spotted woodpeckerDryobates minor

Least concern
Least concern

Non-core zone

Eurasian wryneck
Willow warbler
European bee-eater

Grey-headed woodpecker
Eurasian sparrowhawk

European greenfinch
European starling

Jynx torquilla

vulnerable

Phylloscopus trochilus Near threatened

Merops apiaster
Picus canus
Accipiter nisus
Chloris chloris
Sturnus vulgaris

Near threatened
Near threatened
Least concern
Least concern
Least concern

Table A2: Summary of all results of the GLMMs for the visual data testing for the impact of the habitat parameters
and the forestry management on the species richness, abundance and the Shannon Diversity Index. Significant
impacts are marked in bold and with stars, trends are marked with points.

Dependent variable Independent variable Estimate SE z-value p-value
Species richness DBH mean 0.0088549 0.0069539 1.273  0.203
Species richness DBH SD -0.0016758 0.0115985 -0.144 0.885
Species richness Canopy cover mean 0.0033026 0.0217755 0.152  0.879
Species richness Canopy cover SD 0.0754766 0.0576336 1.310 0.190
Species richness Shrub cover mean 0.0036481 0.0026488 1.377 0.168
Species richness Forest age 0.0011495 0.0052682 0.218  0.827
Species richness Beech proportion 0.0004913 0.0102347 0.048 0.962
Species richness Slope -0.0033340 0.0089107 -0.374 0.708
Species richness DBH mean 0.2092214 0.1591005 1.315 0.189
Abundance DBH mean 0.010128 0.007869 1.287  0.1981
Abundance DBH SD -0.006812 0.013313 -0.512 0.6089
Abundance Canopy cover mean -0.003251 0.024851 -0.131 0.8959
Abundance Canopy cover SD 0.049490 0.065650 0.754 0.4509
Abundance Shrub cover mean 0.004848 0.002934 1.653 0.0984
Abundance Forest age -0.000104 0.006126 -0.017 0.9865
Abundance Beech proportion -0.004793 0.011397 -0.420 0.6741
Abundance Slope -0.004453 0.010092 -0.441 0.6590
Abundance DBH mean 0.341335 0.186074 1.834 0.0666
Shannon DBH mean 0.009117 0.011709 0.779 0.436
Shannon DBH SD -0.003629 0.019295 -0.188 0.851
Shannon Canopy cover mean 0.001902 0.035228 0.054 0.957
Shannon Canopy cover SD 0.076018 0.093588 0.812 0.417
Shannon Shrub cover mean 0.003471 0.004391 0.790 0.429
Shannon Forest age 0.001298 0.008746 0.148 0.882
Shannon Beech proportion 0.000456 0.017005 0.027 0.979
Shannon Slope -0.003295 0.014849 -0.222 0.824
Shannon DBH mean 0.227514 0.267803 0.850 0.396

Significance codes: * = p < 0.05 [**=p < 0.01 |**=p<0.001 | Trend = p <0.1



Table A3: Summary of all results of the linear mixed-effects models for the auditive data testing for the impacts of
the habitat parameters and the forestry management on the species richness, abundance and the Shannon
Diversity Index. Significant impacts are marked in bold and with stars, trends are marked with points.

Dependent variable Independent variable Value SE DF t-value p-value
Species richness  DBH mean -0.005931 0.024166 141 -0.245442 0.8065
Species richness  DBH SD 0.021901 0.042685 141 0.513083 0.6087
Species richness Canopy cover mean -0.188010 0.086765 141 -2.166889 0.0319 *
Species richness Canopy cover SD 0.508000 0.229540 141 2.213127 0.0285 *
Species richness  Shrub cover mean -0.003232 0.009643 141 -0.335179 0.7380
Species richness  Forest age 0.005048 0.016969 141 0.297457 0.7666
Species richness  Beech proportion -0.024626 0.034823 141 -0.707183 0.4806
Species richness  Slope -0.040458 0.030575 141 -1.323202 0.1879
Abundance DBH mean -0.04489 0.051343 141 0.874334 0.3834
Abundance DBH SD 0.01007 0.090689 141 0.111055 0.9117
Abundance Canopy cover mean -0.34160 -0.34160 141 -1.853106 0.0660 .
Abundance Canopy cover SD 1.30173 1.30173 141 2.669227 0.0085 .
Abundance Shrub cover mean 0.01330 0.020488 141 0.649070 0.5173
Abundance Forest age 0.00212 0.036053 141 0.058756 0.9532
Abundance Beech proportion -0.08934 0.073986 141 -1.207518 0.2293
Abundance Slope -0.13757 -0.13757 141 -2.117719 0.0360
Shannon DBH mean -0.0002577 0.001842 141 -0.139952 0.8889
Shannon DBH SD 0.0019619 0.003253 141 0.603180 0.5474
Shannon Canopy cover mean -0.0130178 0.006612 141 1.973282 0.0509 .
Shannon Canopy cover SD 0.0345152 0.017491 141 1.973282 0.0504 .
Shannon Shrub cover mean -0.0002801 0.000735 141 -0.381142 0.7037
Shannon Forest age 0.0001340 0.001293 141 0.103607 0.9176
Shannon Beech proportion 0.0010690 0.002654 141 0.402858 0.6877
Shannon Slope -0.0017012 0.002330 141 -0.73016 0.4665

Significance codes: *=p <0.05 |*=p <0.01 |***=p <0.001 | Trend =p <0.1

Table A4: Results from the PERMANOVA to test the species composition between the communities in the core
zone and the non-core zone with the data from the auditive and the visual method. Significant impacts are marked

in bold and with a star.

Method Independent Variable DF SumofSq R? F-value p-value
DBH mean 1 0.055 0.00107 0.8729 0.373
DBH SD 1 0.002 0.00004 0.0286 0.963
Canopy cover mean 1 0.027 0.00054 0.4345 0.517
Canopy cover SD 1 0.003 0.00006  0.0480 0.930
Shrub cover mean 1 0.016 0.00032 0.2606 0.704

Auditive  Forest age 1 0.293 0.00572 4.6461 0.028
Beech proportion 1 0.032 0.00063 0.5110 0.517
Slope 1 0.059 0.00115  0.9332 0.336
Forestry management 1 0.149 0.00290 2.3533 0.125
Residual 802 50.649 0.98758
Total 811 51.286 1.00000
DBH mean 1 0.0818 0.01465 4.8853 0.018
DBH SD 1 0.0022 0.00040 0.1337 0.774
Canopy cover mean 1 0.0083 0.00148 0.4940 0.496
Canopy cover SD 1 0.0002 0.00003 0.0114 0.965
Shrub cover mean 1 0.0169 0.00303 1.0116 0.317

Visual Forest age 1 0.0055 0.00098 0.3278 0.578
Beech prop 1 0.0101 0.00181 0.6040 0.450
Slope 1 0.0052 0.00092 0.3074 0.626
Forestry management 1 0.0433 0.00775 2.5825 0.110
Residual 323 5.4110 0.96893
Total 332 5.5845 1.00000

Significance codes: *=p < 0.05 |**=p <0.01 |***=p <0.001 | Trend =p <0.1
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Table A5: Results of the trait analysis for the feeding group with the auditive data. This table shows the relation of
the feeding group and the bird abundance. Significant impacts are marked in bold and with a star. However, | do
not consider the models as robust and trustworthy and disregard the results.

Method: Auditive

Random effect Variance Std. Dev

Feeding group 2.398e-09 4.897e-05

Dependent variable Independent Estimate SE z-value p-value
variable

Abundance Intercept -2.129255 0.739207 -2.880  0.00397 **

Abundance DBH mean 0.006183 0.008530 0.725 0.46854

Abundance DBH SD 0.002033 0.016031 0.127 0.89906

Abundance Canopycover mean -0.031897 0.038821 -0.822  0.41129

Abundance Canopycover SD 0.047085 0.101716 0.463 0.64343

Abundance Forest age 0.013810 0.005809 2.377 0.01744 *

Abundance Beech proportion 0.036318 0.009252 3.925 8.66e-05 ***

Abundance Slope -0.005897 0.013846 -0.426 0.67016

Abundance Forestry -0.337498 0.159549 -2.115  0.03440 *
management

Likelihood Ratio Test DF Log likelihood value Chi2 p-value

Full model 10 1462.61 ek

Reduced model 11 858.69 12078 <2.2e-16

Significance codes: * = p < 0.05 [**=p < 0.01 |***=p <0.001 | Trend = p <0.1

Table A6: Results of the trait analysis for the feeding group with the auditive data. This table shows the relation of
the feeding group and the Shannon Diversity Index. Significant impacts are marked in bold and with a star. However,
| do not consider the models as robust and trustworthy and disregard the results.

Method: Auditive

Random effect Variance Std. Dev

Feeding group 0.005818 0.07628

Dependent variable Independent Estimate SE z-value p-value
variable

Shannon Diversity Index Intercept 0.686701 0.904301 0.759 0.448

Shannon Diversity Index DBH mean -0.002053 0.005151 -0.398 0.690

Shannon Diversity Index DBH SD 0.005523 0.009477 0.583 0.560

Shannon Diversity Index Canopycover mean 0.011939 0.023091  0.517 0.605
Shannon Diversity Index Canopycover SD -0.012758 0.058918 -0.216  0.829

Shannon Diversity Index Forest age -0.002160 0.004086 -0.529 0.597

Shannon Diversity Index Beech proportion -0.005924 0.007924 -0.748 0.455

Shannon Diversity Index Slope 0.002294 0.008247 0.278 0.781

Shannon Diversity Index Forestry 0.109993 0.098836 1.113 0.266
management

Likelihood Ratio Test DF Log likelihood value Chi2 p-value

Full model 10 -111.72

Reduced model 11 1112 11823 0.2769

Significance codes: *=p < 0.05 |**=p <0.01 |***=p<0.001 | Trend =p <0.1
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Table A7: Results of the trait analysis for the feeding group with the auditive data. This table shows the relation of
the nesting site group and the abundance. Significant impacts are marked in bold and with a star. However, | do
not consider the models as robust and trustworthy and disregard the results.

Method: Auditive

Random effect Variance Std. Dev

Migratory behaviour(0.03638 0.1907

Dependent variable Independent Estimate SE z-value p-value
variable

Abundance Intercept -2.195658 0.744888 -2.948 0.0032 **

Abundance DBH mean 0.006043 0.008392 0.720 0.4714

Abundance DBH SD 0.002501 0.016028 0.156 0.8760

Abundance Canopycover mean -0.030864 0.038682 -0.798 0.4249

Abundance Canopycover SD 0.017006  0.106055 0.160 0.8726

Abundance Forest age 0.013989 0.005753 2.432 0.0150 *

Abundance Beech proportion 0.037444 0.009308 4.023 5.75e-05 ***

Abundance Slope -0.008032 0.013422 -0.598 0.5496

Abundance Forestry -0.339865 0.158381 -2.146 0.0319 *
management

Likelihood Ratio Test DF Log likelihood value Chi? p-value

Full model 10 -858.69 .

Reduced model 11 -856.24 4.9073 0.02674

Significance codes: * = p < 0.05 [**=p < 0.01 |***=p<0.001 | Trend = p <0.1

Table A8: Results of the trait analysis for the feeding group with the auditive data. This table shows the relation of
the nesting site group and the Shannon Diversity Index. Significant impacts are marked in bold and with a star.
However, | do not consider the models as robust and trustworthy and disregard the results.

Method: Auditive

Random effect Variance Std. Dev

Migratory behaviour0.008852 0.09409

Dependent variable Independent Estimate SE z-value p-value
variable

Shannon Diversity Index Intercept 0.6858563 0.8874235 0.773 0.440

Shannon Diversity Index dbh_mean -0.0008229 0.0050575 -0.163  0.871

Shannon Diversity Index dbh_sd 0.0046810 0.0092762 0.505 0.614

Shannon Diversity Index canopycover_mean 0.0050327 0.0221787 0.227 0.820
Shannon Diversity Index canopycover_sd  -0.0039407 0.0581137 -0.068 0.946

Shannon Diversity Index forest_age -0.0017613 0.0039904 -0.441  0.659
Shannon Diversity Index beech_prop -0.0070059 0.0077822 -0.900 0.368
Shannon Diversity Index slope 0.0034164 0.0081146 0.421 0.674
Shannon Diversity Index Forestry mgmt 0.1125620 0.0969150 1.161 0.245
Likelihood Ratio Test DF Log likelihood value Chi? p-value
Full 10 -111.72 .
Reduced 11 -108.46 5109 0.01072

Significance codes: *=p < 0.05 |**=p <0.01 |***=p<0.001 | Trend =p <0.1
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Table A9: Results of the trait analysis for the feeding group with the auditive data. This table shows the relation of
the nesting site group and the bird abundance. Significant impacts are marked in bold and with a star. However, |
do not consider the models as robust and trustworthy and disregard the results.

Method: Auditive

Random effect Variance Std. Dev

Nesting site 0.04606 0.2146

Dependent variable Independent Estimate SE z-value p-value
variable

Abundance Intercept -2.045352 0.713567 -2.866 0.00415 **

Abundance DBH mean 0.004683 0.008629 0.543 0.58732

Abundance DBH SD 0.006008 0.016409 0.366 0.71427

Abundance Canopycover mean -0.029450 0.039003 -0.755  0.45021

Abundance Canopycover SD 0.046481 0.102635 0.453 0.65064

Abundance Forest age 0.013124 0.005860 2.240 0.02510 *

Abundance Beech proportion 0.036551 0.009220 3.964 7.37e-05 ***

Abundance Slope -0.006494 0.013820 -0.470 0.63840

Abundance Forestry -0.324968 0.159229 -2.041 0.04126 *
management

Likelihood Ratio Test DF Log likelihood value Chi? p-value

Full model 10 -858.69

Reduced model 11 -857.01 3.3683 0.06646 .

Significance codes: * = p < 0.05 [**=p < 0.01 |**=p<0.001 | Trend = p <0.1

Table A10: Results of the trait analysis for the feeding group with the visual data. This table shows the relation of
the feeding group and the bird abundance. Significant impacts are marked in bold and with a star. However, | do
not consider the models as robust and trustworthy and disregard the results.

Method: Visual

Random effect Variance Std. Dev

Feeding group 6.626e-10 2.574e-05

Dependent variable Independent variable Estimate SE z-value p-value
Abundance Intercept -3.857753 0.864836 -4.461 8.17e-06 ***
Abundance DBH mean 0.019475 0.011213 1.737 0.082423.
Abundance DBH SD -0.003545 0.017645 -0.201 0.840768
Abundance Canopycover mean  -0.033861 0.036253 -0.934 0.350299
Abundance Canopycover SD -0.068913 0.106308 -0.648 0.516828
Abundance Forest age 0.003316  0.008110 0.409 0.682630
Abundance Beech proportion 0.038124 0.011512 3.312 0.000927 ***
Abundance Slope 0.034163 0.017692 1.931 0.053492.
Abundance Forestry management 0.312006 0.207042 1.507 0.131820
Likelihood Ratio Test DF Log likelihood value Chi? p-value

Full model 10 -268.63

Reduced model 11 -268.63 0 0.9998

Significance codes: * = p < 0.05 [**=p < 0.01 |***=p <0.001 | Trend = p <0.1
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Table A11: Results of the trait analysis for the migratory behaviour group with the visual data. This table shows the
relation of the migratory behaviour group and the bird abundance. Significant impacts are marked in bold and with
a star. However, | do not consider the models as robust and trustworthy and disregard the results.

Method: Visual

Random effect Variance Std. Dev

Migratory behaviour 1.461e-08 0.0001209

Dependent variable Independent variable Estimate SE z-value p-value
Abundance Intercept -3.857753 0.864837 -4.461 8.17e-06 ***
Abundance DBH mean 0.019475 0.011213 1.737 0.082423.
Abundance DBH SD -0.003545 0.017645 -0.201 0.840768
Abundance Canopycover mean  -0.033861 0.036253 -0.934 0.350300
Abundance Canopycover SD -0.068913 0.106308 -0.648 0.516828
Abundance Forest age 0.003316  0.008110 0.409 0.682632
Abundance Beech proportion 0.038124 0.011512 3.312 0.000927***
Abundance Slope 0.034163 0.017692 1.931 0.053493.
Abundance Forestry management 0.312006  0.207043 1.507 0.131820
Likelihood Ratio Test DF Log likelihood value Chi? p-value
Full model 10 268.63

Reduced model 11 268.63 0 0.9998

Significance codes: * = p < 0.05 [**=p < 0.01 |***=p <0.001 | Trend = p <0.1

Table A12: Results of the trait analysis for the nesting site group with the visual data. This table shows the relation
of the nesting site group and the bird abundance. Significant impacts are marked in bold and with a star. However,
| do not consider the models as robust and trustworthy and disregard the results.

Method: Visual

Random effect Variance Std. Dev
Nesting site 0.1511 0.3887
Dependent variable Independent variable Estimate SE z-value p-value
Abundance Intercept -3.725957 0.837538 -4.449 8.64e- ***
06
Abundance DBH mean 0.014122 0.0114451.234  0.21725
Abundance DBH SD -0.008235 0.017738 -0.464 0.64247
Abundance Canopycover mean -0.017931 0.038345 -0.468 0.64006
Abundance Canopycover SD -0.051986 0.107438 -0.484 0.62848
Abundance Forest age 0.006772  0.008245 0.821 0.41147
Abundance Beech proportion 0.035559 0.011531 3.084  0.00204 **
Abundance Slope 0.027254  0.017665 1.543 0.12287
Abundance Forestry management 0.177028  0.203631 0.869  0.38465
Likelihood Ratio Test DF Log likelihood value Chi? p-value
Full model 10 268.63 o -
Reduced model 11 264.34 8.5935 0.003374

Significance codes: * = p < 0.05 [**=p < 0.01 |***=p <0.001 | Trend = p <0.1
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