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Abstract  

Urbanisation, the extensive modification of the landscape, is an ongoing process. By 2050 over 

60% of the human population will be living in cities. Due to this rise a loss of habitat for wildlife 

can be observed, which is why it is important to understand how urban landscapes can offer 

new habitat to animals and how they are going to handle this situation. Even though species 

richness of birds in cities is often lower, the density is higher, which leads to higher competition 

for food and nesting sites. This can result in lower reproductive success, which can be seen in 

lower clutch sizes, lower nestling body mass and lower fledgling success. Many studies 

compare the reproductive success between rural and urban habitats, but don’t seem to go into 

a detailed characterisation of the urban landscape. Therefore, the main goal of this study was 

to investigate the reproductive success of Great Tits along an urban gradient, regarding both 

local habitat and landscape parameters of different scales. During spring and summer 2015 

reproductive parameters like occupation rate of nest boxes, nestling body mass at the age of 

15 days and clutch size were collected by placing and observing 129 nest boxes in Vienna 

divided in 4 different environmental clusters named Forest, Non-residential, Residential and 

Urban. Habitat parameters were collected within a 50 m radius around the nest box and 

landscape data was obtained by analysing land use and land cover classes within a 300 m 

radius using ArcGIS. A linear regression model and general linear model with binomial 

distribution were performed and showed a strong negative influence of buildings and 

developed areas and a positive influence of deciduous trees and meadow on the reproductive 

success and the occupation of a nest box. Further the nestling body mass at day 15 as well as 

the clutch size drop along the gradient, being highest in the forest cluster and lowest in the 

urban cluster. In this study the negative consequences of urbanisation on the reproductive 

success of Great Tits have been exposed. Even though a high abundance of Great Tits in cities 

can be observed, the reproductive success is lower. This shows that the adaptation to the new 

habitat “city” has not been completed yet and highly developed urban landscapes can mean an 

ecological trap for wildlife.  

 

Key words: urbanisation, urban gradient, urban influence, spatial scale, multiscale, 

reproductive biology, breeding success, avian productivity, GIS 
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Zusammenfassung 

Weltweit steigt die Urbanisierung, also die “extensive Modifikation der Landschaft“, an. Bis 

2050 werden über 60% der Menschen in Städten leben, was gleichzeitig dazu führt, dass 

wichtige Habitate für Wildtiere abnehmen. Daher ist es wichtig zu verstehen, welchen 

Lebensraum Städte für Wildtiere anbieten können und wie diese mit den neuen 

Herausforderungen umgehen. In Städten kann ein Rückgang der Diversität von Vogelarten 

beobachtet werden, die Populationsdichte einzelner Arten ist aber oft höher, was zu erhöhter 

Konkurrenz um Nistplätze und Futterquellen führen kann. Eine Folge davon ist ein geringerer 

Reproduktionserfolg durch kleinere Gelege, geringeres Gewicht der Nestlinge und 

infolgedessen höhere Nestlingssterblichkeit. In vielen Studien wird der unterschiedliche 

Reproduktionserfolg zwischen ländlichen und städtischen Habitaten erforscht, jedoch wird 

nicht auf die diverse Charakteristik urbaner Landschaften eingegangen. Im Zuge dieser 

Masterarbeit soll daher auf den Bruterfolg von Kohlmeisen (Parus major) entlang eines 

urbanen Gradienten eingegangen werden, wobei hier sowohl lokale Habitat- als auch 

Landschaftsparameter unterschiedlicher Skalenniveaus in Betracht gezogen werden. Im 

Frühling 2015 wurden 129 Nestboxen in Wien entlang eines urbanen Gradienten platziert, 

wobei 4 unterschiedliche Cluster definiert wurden: Wald, Landwirtschaft, Vorort, Urban. 

Weiters wurden Habitatparameter im Umkreis von 50 m um die Nestbox aufgenommen und 

Landschaftsparameter mittels Landnutzungskartierung und ArcGIS im Umkreis von 300 m um 

die Nestbox ermittelt. Ein lineares Regressionsmodell und ein generalisiertes lineares Modell 

zeigten einen starken negativen Einfluss von Gebäuden und Developed (Urbanisierungsgrad), 

sowie einen positiven Einfluss von Laubbäumen und Wildwiesen auf den Reproduktionserfolg 

und das Besetzen einer Nestbox. Des Weiteren sinkt das Nestlingsgewicht der 15 Tage alten 

Kohlmeisenküken entlang des urbanen Gradienten ab, es ist am höchsten im Wald-Cluster und 

am niedrigsten im urbanen Cluster. Dies zeigt, dass trotz (oder sogar wegen) einer hohen 

Populationsdichte von Kohlmeisen in Städten, der Reproduktionserfolg im Vergleich zu ihrem 

natürlichen Lebensraum niedriger ist. Diese Studie hebt die negativen Auswirkungen von 

Urbanisation auf Wildtiere hervor und zeigt, dass die Anpassung an das Habitat „Stadt“ noch 

nicht abgeschlossen ist. Stark urbanisierte Landschaften mit wenigen Grünflächen können für 

Kohlmeisen daher eine ökologische Falle bedeuten. 

 

Schlagworte: Urbanisation, Skalenniveaus, Bruterfolg, Reproduktionsbiologie, 

Landschaftsparameter, Habitatparameter, Kohlmeise, GIS 
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1 Introduction 

The habitat in cities differs a lot from the surrounding natural areas and - in terms of 

structure and function - can be even more similar to other cities across the planet, than to 

geographically neighbouring rural environments (McKinney, 2006). The process of 

urbanisation is defined as an “extensive modification of the landscape” (Chamberlain et al., 

2009), mostly irreversible by changing the original (vegetated) surface into sealed ground, 

buildings or parklands, which are in the first place built for high numbers of human species 

(Shanahan et al., 2014). Another definition for urbanisation would be a “concentrated 

human presence in residential and industrial settings and their associated affects” (Chace 

and Walsh, 2006). The process of urbanisation is ongoing and by 2050 over 60% of the 

human population will live in cities (United Nations, 2014). On the contrary to that rise in 

urbanisation a loss of habitat for wildlife can be observed. Although there are many causes 

of habitat loss, urbanisation has been shown to be one of the most damaging in terms of 

numbers of species lost or threatened (Czech, 2000). It is therefore important to look at 

wildlife in cities and understand how animals handle this new “urban habitat”. Although 

high quality food and nesting resources are always limited, the density of birds in cities and 

urban areas is often higher than in their original habitats (Moller et al., 2012). The urban 

habitat tends to select for omnivorous, granivorous and cavity nesting species and 

therefore a nutrition-specific population dynamic can be observed (Chace and Walsh, 

2006). That means that a small number of highly abundant species are occupying urban 

habitats (Shanahan et al., 2014). Due to milder winter climate and anthropogenic food 

sources in cities, the winter survival rates for birds, like Great Tits (Parus major), are higher 

than in rural environments. What follows is a higher competition for chick food and nesting 

sites in spring (Hedblom and Söderström 2012). This can result in lower reproductive 

success, which can be seen in lower clutch sizes, lower nestling weights and lower fledgling 

success in many cities (Chamberlain et al., 2009).  

However, there are few studies that focus on the urban landscape effect on reproduction of 

Great Tits. Several studies compare the reproductive success of birds between rural and 

urban habitat (Trollope et al., 2009; Peach et al., 2008; Chace and Walsh, 2006; Solonen, 

2001), but do not seem to go deep into urban landscape characterisation. If we take a closer 

look at cities, they do not seem homogenous at all. Urbanisation can create a complex 

environmental gradient from undisturbed natural areas to highly modified urban 

landscapes (Crooks et al., 2004). Areas with high human population density alternate with 

suburban districts, parklands and other recreational areas (Melles et al., 2003). In the inner 

city parts there can be found other bird species compositions than in suburban areas or 
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woodland as the conditions vary a lot. In some parts of the city, fragmentation status of 

woodland often is at a high level (Crooks et al., 2004). Woodland fragmentation means that 

patches of vegetation exchange with patches completely sealed (Chace and Walsh, 2004). 

This can lead to isolation of habitats and therefore a reduction of the Great Tits 

reproductive success, as they may not find acceptable nesting sites or enough food supply 

for their hatchlings (Hedblom and Söderström, 2012). To analyse the environmental 

composition of a city, parameters of different scales can be used (Oja et al., 2005). Often 

there is no single “correct” scale to describe populations or ecosystems, for example 

parameter “A” needs a scale on another level than parameter “B” to receive the best 

information (Burnett and Blaschke, 2003). As many conservational studies focus on 

“natural” ecosystems, there seems less interest in the protection of urban areas, even 

though they may have a value for some bird species (Crooks et al., 2004). Some studies 

show that suburban or low-density residential areas as well as private gardens have a high 

diversity of habitat types and often are located close to less intensively managed, native 

forests (Melles et al., 2003). In many residential areas and allotments native plants are 

getting removed, trimmed or replaced by exotic ornamental plants (Crooks et al., 2004). 

This has the effect that birds may react directly to local characteristics of the vegetation in 

the urban habitats, but also respond to broader landscape features including the proximity 

of forests and developed areas (Melles et al., 2003). 

Urban habitats tend to select for granivorous bird species, but Great Tits depend on insects 

and other arthropods, especially during their reproductive period (Naef-Daenzer et al., 

2000). The Great Tits synchronise their hatching period with the “caterpillar-peak”, a time 

in the season where the biomass of caterpillars is highest (Visser et al., 2006). Due to the 

warmer climate in cities, as well as climate change, this synchronisation does not fit 

together as well as in their natural habitat. There can be seen a mismatch between bird and 

caterpillar biomass phenology (Pearce-Higgins and Green, 2014). Exotic or ornamental 

plants, as they are often found in city parks or residential areas, generally support fewer 

insect species than native plants and therefore insectivore bird species can suffer reduced 

abundancies in towns (Shanahan et al., 2014).  
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In my thesis the main goal was to find out what influence an urban gradient and selected 

habitat (50 m radius) and landscape (300 m radius) parameters have on the reproductive 

success of Great Tits. To fulfil this objective, the following questions were asked:  

(1) How does the reproductive success of Great Tits differ along the urban gradient? 

A decrease along the gradient is expected, being highest in the forest and lowest in the city 

centre.  

(2) How do local and landscape parameters of different scales influence the decision 

to occupy a nest box? Areas with higher percentage of buildings or higher developed areas 

are expected to be occupied less likely than areas with a low percentage of buildings and 

human development.  

(3) What impact do local and landscape parameters of different scales have on the 

body mass of Great Tits? Higher vegetation cover and a higher percentage of deciduous 

trees may have a positive influence on the body mass. In highly urbanised or developed 

areas, the body mass is lower than in locations with less development.  

(4) Which scale describes the influence on the reproductive success better? Small 

scale (50 m radius) habitat parameters describe the reproductive success better than big 

scale (300 m radius) landscape parameters.  
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2 Methodology 

2.1 Study object 

Great Tits (Parus major, Fig. 1) are passerine birds spread over the whole Palearctic region 

and up to Oriental and South-East Asian region. In Austria they occur almost everywhere 

and breed in lower areas as well as up to mountaneous areas. In Vienna Great Tits are the 

second most widespread breeding birds (25 000 – 39 000 couples) right after the Blackbird 

(Turdus merula) (Wichmann et al., 2009). Great Tits are second-cavity nester, which use 

tree holes from woodpeckers, holes in buildings or nest boxes (Bauer et al., 2005; Maziarz 

et al., 2015). They are mainly insectivorous and feed on arthropods, like insects, spiders 

and insect larvae, like caterpillars, especially before and during their reproductive period, 

as well as for their offspring (Bezzel et al., 2013; Wilkin et al., 2009). The natural habitat of 

Great Tits consists of deciduous and mixed forests, which hold a large amount of insects 

and their larvae, but they are also well adapted to anthropogenic habitats (Banbura and 

Banbura, 2012). The average size of their home range is 2.8 ha, which corresponds with a 

radius of about 300 m (Cramp and Perrins, 1993). Their limiting factors are mainly food 

resources and optimal nesting sites (Bauer et al., 2005).  

Choosing Great Tits as a study object had several reasons. Mainly because well is known 

about their biology, their food sources and breeding times. They accept nest boxes very 

well and therefore control of reproductive success is possible. Great Tits are one of the most 

intensively studied bird species in Europe (1,807 papers up to 2010; Lambrechts et al. 

2010). Furthermore, these small and colourful passerine birds have a “positive image” 

among Vienna’s citizens and therefore people are not only interested in protecting these 

birds but also generously offer some space for putting up nest boxes. Great Tits are not 

Figure 1: Adult Great Tit (Parus major). Source: Marcel Zurreck, (2012). 
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endangered all through Europe, the IUCN Red List of threatened species categorizes them 

as “least concern” (LC) (BirdLife International, 2012). Nevertheless, like almost all 

passerine birds it is not allowed to hunt them in Vienna (Landesrecht Wien, 2016).  Great 

Tits are usually seasonal monogamous and start building their nest in tree holes or nest 

boxes at the end of February or the beginning of March. This takes approximately 5-12 days 

(Bauer et al., 2005). In exceptionally warm springs Great Tits start laying eggs already early 

in March, but usually around the end of March and first half of April. Very late or second 

clutches are possible even until August. The female lays one egg every day. The average 

clutch size is 7-10 eggs or even more, which can depend on the surrounding habitat and 

therefore food availability and quality, but also depends on the laying date, as Great Tits 

tend to lay less eggs as the breeding season progresses (Perrins, 1965). The female 

incubates the eggs for about 12 days, after that all the chicks hatch within 2 days. The 

hatchlings stay in their nest for 16-17 days and will be fed by both of their parents. At the 

early beginning after hatching, the chicks mainly get fed small insects and spiders, while 

later their diet consists up to 95% of caterpillars (Visser et al., 2006; Wilkin et al., 2009). 

This change happens when the lepidopterous larvae (caterpillars) get bigger than the 

spiders (Naef-Daenzer et al., 2000). After fledging they get fed by their parents up to a few 

weeks further on (Bauer et al., 2005). It has been shown that survival after leaving the nest 

has a lot to do with their body mass. The heavier the fledglings are, the better their chances 

to survive their first year (Perrins, 1965).   

2.2 Study site and nest box location 

Vienna (48° 07' 06''N to 48° 19' 23''N and 16° 10'58''E to 16° 34' 43''E, 150 to 543 m. a. s. 

l.) Austria’s capital city exhibits nearly 1.8 million inhabitants in 2015 and covers an area 

of 41.487 ha. 49.9% of this area is sealed with buildings or traffic areas, 45.5% are 

categorized as green areas (e.g. Wienerwald, Lobau, Lainzer Tiergarten), which is 

exceptional among European cities, and 4.6% as water (Himpele, 2015). Compared to other 

European cities like Berlin (3 900 citizens per km²) or Rome (2 228 citizens per km²), the 

citizen density with 4 437 inhabitants per km² is quite high, but not the highest in Europe 

compared to London (5 432 citizens per km²) or Paris with 21 154 citizens per km² 

(Brinkhoff, 2016). The climate in Vienna is very mild with spring temperatures around 6 to 

11°C in March and April and 16 to 19 °C in May and June. The yearly average is around 11 

°C with only 18.6 days below 0 °C during the year. The maximum precipitation is in late 

spring and summer with an average sum of 66.6 litre per m² in July (ZAMG, 1971-2000).  

To select the location for the nest box, a 4 km² square grid with a defined number of cells 

over the city-map of Vienna was used (Fig. 2). An urban gradient, described by Krenn 
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(2015), divided Vienna in 4 clusters with different composition using landscape 

parameters. Cluster 1 is described as Forest, for example Wienerwald and Lainzer 

Tiergarten in the West or Lobau (within the Nationalpark Donauauen) in the East. Cluster 

2 is described as Non-residential, which represents areas without buildings or forest, often 

under agricultural use or industrial areas. In cluster 3 we have residential areas, which 

means smaller buildings for one or two families in general, as well as allotments. Cluster 4 

includes the city centre and all the urban parts, where tall commercial buildings and 

apartments are the majority. 

Within the grid 11 cells per cluster (except forest with 10) were randomly selected, in total 

43 grid cells. In February 2015 in every cell 3 nest boxes (WoodStone® Salamanca Nest 

Boxes) were placed at predetermined GPS positions (= 129 in total) or, if not possible, 

within a maximum 100 m clearance. Every cell had a possible fourth GPS position, if placing 

the box at one of the three other positions was impossible. The boxes were attached on 

trees with wires or nails mostly at about 1,70 m height, to be easily reached during field 

work, with the entrance hole facing North as far as possible to avoid direct weather and 

sun exposition. Each box was about 1 km apart from the other. The new correct GPS 

positions then were marked and updated in the map (Fig. 2). The front side of the box could 

be taken off to access the nest and the nestlings during field work.  

Figure 2: The urban gradient of Vienna (defined by Krenn 2015) with the grid, the 4 different clusters: Forest 
(1, light blue), Non-residential or Agriculture (2, pale blue), Residential (3, mid blue), Urban (4, dark blue), and 
the nest box locations (n=129). Source: Schack Madsen (2016). 
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2.3 Field work  

2.3.1 Reproductive parameters 

From the beginning of March 2015 the boxes were checked for nesting material and 

amount of eggs on a regular basis to see if they were occupied as well as to check the egg 

laying stage. A typical Great Tit nest has 3 different layers, at first a more or less rough 

one made of small sticks or other dry material (Fig. 3). Above comes a soft layer, mainly 

moss, and to finish the nest a layer of feathers, hair, wool or other very soft fabric is placed 

on top. In more urban areas very colourful fabric or even cigarette filter could be found. 

If the box was found empty, it was checked again after 7 days. If there was a nest inside 

but seemed not yet finished (no soft layer on top), it was checked again after 4 days. When 

a “finished” nest was found it was checked again after 2 days to see if the first egg has 

been laid. Because an average sized clutch is about 9 eggs and Great Tits lay about one 

egg per day, the box was checked every day from the calculated moment where there 

should be 9 eggs. The eggs were counted and temperature was checked per hand (if they 

felt “warm” or “cold”). An incubated (“warm”) egg exhibits a temperature between 35 and 

37°C.  If the eggs were warm, but cold the day before, this date was marked as the start of 

incubation. If there were less than 9 eggs, but already incubated, the day after the last egg 

was laid was presumed as first day of incubation. Because the incubation period of Great 

Tits is 12 days, the box was checked again for hatchlings from the 12th day on. The day 

the last chick of the clutch hatched was marked as day 1 (=D1) in the breeding calendar 

Figure 3: Great Tit nest with a rough first layer, a moss layer 
and a soft top layer made out of colourful synthetic fabric. 
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(If 2 days in a row no more chicks hatched in the clutch, the remaining eggs were seen as 

unfertilised and taken out of the nest on Day 5). On day 10 (=D10), the hatchlings were 

ringed using metal rings from Vogelwarte Radolfzell and individual body mass was taken. 

On day 15 (=D15) individual mass was taken. Each hatchling was put in a small container 

with soft layering, which was placed on a digital scale.  After one to two days the nest box 

was checked again to see if the nest is empty and the birds have fledged. The nest was 

taken out of the box and brought to University for further analysation.  

2.3.2 Occupation rate 

All nest boxes which were occupied by Great Tits during the whole reproductive season 

2015 were counted as “Box occupied: YES”, whether or not the breeding attempt was 

successful. The reproductive season in this thesis means March to June 2015, second 

clutches were not taken into account for the analysis. The box was counted as “Box 

occupied: NO”, if there was no breeding attempt between March and the end of June 

2015.   

2.3.3 Habitat parameters 

From the end of June to the end of August 2015 habitat parameters were taken around 

every box, whether or not it was occupied. In a radius of 50 m around the nest box we 

estimated the percentage cover of sealed and vegetation-free soil, buildings, water, 

meadow, lawn bushes, shrubs and small trees (see Table 1 for definition of parameters). 

Furthermore, we estimated the proportion of coniferous and deciduous trees in small (6-

30 cm treesquare) and large (>31 cm treesquare) categories (Table 1). Treesquare is 

defined as the thickness of the tree stem in the observer’s chest height. The number of 

oaks within the 50 m radius was recorded as well. In addition, we also checked for 

appearance of dead wood and artificial feeding.  
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Table 1: Names and description of the habitat parameters taken within a 50 m radius around the nest box. 
Treesquare means the thickness of the tree stem in the observer’s chest height. 

Name Description Original name in analysis 

Sealed 

Every type of sealed soil, covered by 
streets, roads, pedestrian walks, buildings, 
parking areas or any type of concrete etc. 
(%) 

VERSIEGELT 

Buildings 
Areas covered by buildings, higher than 2.5 
metres. (%) 

GEBAEUDE 

Vegetation-free 

Areas which are not sealed, but aren’t 
covered with any vegetation either. F.ex. 
uncovered soil like on harvested fields or 
paths; bigger gravel or pebbles, where 
plants can grow in-between. (%) 

VEGETATIONSFREI 

Water 
Water bodies and areas which are under 
water. (%) 

WASSER 

Meadow 
Cover of meadow, grass, herbs and ferns. 
naturally grown, no pesticides used, 
several different species of grass. (%) 

WIESEKRAUTFARN 

Lawn 

Cover of lawn, more or less only one 
species of grass. Often found in parks, 
playgrounds, football-fields, golf-courses 
or other man-made areas. (%) 

RASEN 

Bush 
undercover of sapling, bushes, shrubs and 
trees with < 5 cm treesquare. (%) 

STRAUCHBUSCHBAUM 

Conifers small 
Coniferous trees with 6 to 30 cm 
treesquare. (%) 

NADEL6bis30 

Conifers large 
Coniferous trees with > 31 cm treesquare. 
(%) 

NADELueber31 

Deciduous small 
Deciduous trees with 6 to 30 cm 
treesquare. (%) 

LAUB6bis30 

Deciduous large 
Deciduous trees with > 31 cm treesquare. 
(%) 

LAUBueber31 

Oaks 
Number of big oak trees with > 31 cm 
treesquare in the area. (in total number, 
rounded to decades) 

EICHE 

Dead wood 

wood litter, longer than 1.5 meter and 
wider than 30 centimeters, cut down large 
trees or stumps, which can hold a relevant 
number of invertebrates. Small branches 
or chopped down wood does not count as 
“dead wood” in this thesis. This would 
belong to the category “vegetation-free”.  
(in total number, rounded to decades) 

TOTHOLZ 

Artificial feeding 
bird feeding sites which are also filled 
during spring and summer (not only 
during winter). (YES/NO) 

FUTTER 
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We measured a meter per step length and walked 50 meters away from the nest box in 

one direction. We parted the radius into quarters, estimated the percentage of the given 

parameters for each quarter and added them together. Afterwards we divided them by 4 

to receive the mean proportion of each parameter. To minimize inconstancies and bias 

we created the categories described in Table 2.  

Table 2: Categories for the given habitat parameters. 
  

Category Percent range Category Percent range 

0 0% 50 41 – 50% 

1 0.1 – 1% 60 51 – 60% 

5 2 – 5% 70 61 – 70% 

10 6 – 10% 80 71 – 80% 

20 11 – 20% 90 81 – 90% 

30 21 – 30% 100 91 – 100% 

40 31 – 40%   
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2.3.4 Landscape parameters 

The landscape parameters, within a home range radius of 300 m (Fig. 5), were calculated 

by Kathrine Schack Madsen using ArcGIS v10.3 and Fragstats v4. European Urban Atlas 

2011 (EUA) and Realnutzungskartierung 2009 (RnK) were used as a baseline to quantify 

this data (Schack Madsen, 2016). These maps contain information of current land 

use/land covers (LULC) to create LULC classes.  

“Out of this analysis a set of 4 different compositional parameters were created 

meaning Developed, Vegetation, Agriculture and Water (Figure 4 and 5), whereas 

Developed included all LULC classes with a sealed surface percentage of 50 % or 

more (…).  Vegetation included urban low density, urban green space, and forest. 

Urban low density consisted of urban structure with a seal area of less than 50 %. 

Urban green space included all urban parks, cemeteries and other green LULC 

classes (e.g. green outdoor sport facilities and camping grounds). Forest included 

all forested areas including protected areas (e.g., Lobau in the Nationalpark 

Donauauen). The classes were also compared with orthophotos to determine 

whether the LULC class was actually green. Agriculture included fields, pastures, 

meadows and vineyards and was set as a separate category, as the management 

regime and use of pesticides possibly changes the food value for the Great Tits 

(…).” (Schack Madsen, 2016) 

In addition, landscape configuration variables were calculated using demographic 

information from Statistik Austria 2014 or calculated with ArcGIS and Fragstats. These 

are distance to nearest vegetation patch (DNVP), distance to nearest forest patch (DNFP), 

number of people (NPe), number of vegetation patches (NVP) and number of forest 

patches (NFP). Due to narrow range of values and no biological meaning in previous 

analyses calculated by Schack Madsen (2016), Agriculture and Water were excluded from 

my further analysis. 
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Figure 5: 300 m buffer zones of the 4 land use classes: Developed (red), Vegetation (green), Agriculture (yellow) 
and Water (blue) around the 129 nest boxes in Vienna. Source: Schack Madsen (2016). 

Figure 4: Map of Vienna with the 4 land use classes Developed (red), Vegetation (green), Agriculture (yellow), 
Water (blue) and the nest box locations (black dots). Classified by Schack Madsen (2016). 
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2.4  Data evaluation 

Microsoft Office Excel 2015 was used for investigating the data, for sorting and 

transformation. To harmonise the explanatory variables either arcsine square root for 

percentage data or log(x+1) transformations for the compositional data (Developed, 

Vegetation, NVP, NFP, DNVP, DNFP, NPe) were used (Holland, 2015; Warton and Hui, 

2011). Because the explanatory variables contained many true zeroes and log and arcsine 

transformation would not have been possible on zero values, a small number was added to 

all of the variables before transformation (+0.000000001).  

 

2.5  Statistics 

2.5.1 Reproductive success 

The differences of the total body mass of the chicks of each nest at day 15 (D15Mass), the 

mean body mass of each nest at day 15 (AverageMass) and the number of nestlings at day 

15 (Hatchlings) in the 4 clusters were calculated with an ANOVA and visualised in a box-

whisker-plot. Furthermore, to look closer and find out which clusters differ from one 

another, a Tukey-Test was performed (Hatzinger et al., 2011).  

2.5.2 Multicollinearity 

To reduce collinearity a two-sided Spearman’s rank correlation test was used on the 

explanatory variables. This was separately done at first for the habitat (50 m radius) and 

secondly for the landscape (300 m radius) data and then again altogether with the 

remaining variables of these analyses. If two variables showed a strong correlation 

(pairwise Spearman correlation of │rS│>0.7), one of them was excluded (the variable 

with the higher biological meaning was chosen to stay in the model). Furthermore, 

variables with a very narrow range of values or a big number of zeroes (in this case 

0.000000001 because of the previous transformation, see chapter 2.4) were excluded as 

well. With the remaining parameters a VIF (Variance Inflation Factor) analysis was 

performed (Zuur et al., 2009). To avoid replication errors, the landscape variables 

“Developed” and “Vegetation” were recalculated with the overlapping inner 50 m area 

cut out, to create a so called 250 meter “Donut”-Data. As some variables still showed a 

strong correlation but were too meaningful to be taken out of the model, I came to the 

decision to calculate two separate models, one including “Developed” and another one 

including “Vegetation”.  
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2.5.3 Influence of habitat- and landscape data on the occupation of a nest box 

 
To analyse the factors why a box was occupied and why not in the first place, I performed 

a GLM (General linear regression model) with binomial error distribution and logit link 

(Zuur et al., 2009). As explanatory variable the binary variable “Box occupied YES/NO 

(1/0)” was used. After calculating the model, a stepwise AIC was performed. 

2.5.4 Influence of habitat- and Landscape data on the reproductive success  

The total body mass of the chicks of each nest at day 15 (D15Mass) was chosen to be the 

response variable. This was because of the non-normality and the high variance of the 

mean body mass of each nest (p<0.0001). It was tested on normal distribution with a 

Shapiro-Wilk-Test (p=0.8572). For the modelling of the habitat- and landscape data a 

linear regression model was performed. The predictor variables were the same as in the 

previous analyses chosen. To receive a more significant model, a stepwise AIC was used 

as well. 

All statistical analyses were performed using R (Version 3.2.2 2015-08-14). 
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3 Results 

3.1 General information on reproductive success 

From a total number of 129 nest boxes, 98 have been occupied by Great Tits, 77 of them 

bred successfully, which means the chicks fledged (Table 3). The remaining 21 of the 

occupied nest boxes were not successful, meaning an abandoned or predated nest, where 

the eggs were found cold, the chicks found dead or the nest found deserted. Seven nest 

boxes were occupied by other species (Cyanistes caeruleus, Passer sp.), mainly in the non-

residential area, and therefore not observed any further. Unfortunately, two nest boxes 

were stolen in the beginning of the season (Table 3).  

Table 3: Numbers of successfully/not successfully occupied and not occupied nest boxes during the reproductive 
season 2015 in Vienna. The first column shows the number of boxes in total, the second to fifth columns show the 
number of boxes for each cluster. The last row shows the number of nestlings found at day 15.  

The majority of successfully occupied nest boxes (Table 3) could be found in the forest 

cluster, with 27 out of 30 nest boxes, followed by residential, non-residential and at last 

urban cluster with only nine out of 33 boxes with successful reproduction. The biggest 

number of empty boxes could be found in the urban cluster (17 empty nest boxes, table 3), 

in the other three clusters only one or two boxes were left empty/unoccupied. A total 

number of 592 nestlings was recorded at day 15, 230 of them in the forest cluster, 149 in 

non-residential, 164 in residential and 49 nestlings in the urban cluster (Table 3).  

In terms of body mass, a trend can be seen along the urban gradient, with the total body 

mass of nestlings at day 15 (ANOVA: F=9.82, p<0.0001) decreasing from the forest cluster 

to the urban cluster (Fig. 6A). A post-hoc Tukey-Test revealed that the mass in the forest 

cluster (1) was significantly higher than in the residential (3) and urban cluster (4) and 

also showed a significant difference between the non-residential (2) cluster and urban 

cluster (4). Regarding the average mass at day 15, the Shapiro-Wilk Test showed non-

normality (W=0.86691, p<0.0001) and therefore ANOVA was not possible. A decrease 

along the urban gradient could be seen in the boxplot (Fig. 6B) and an increase in the 

variance, especially in the urban cluster (4). The number of nestlings at day 15 (ANOVA: F= 

 Total Forest 
Non-

residential 
Residential Urban 

Boxes in total 129 30 33 33 33 

Occupied by Parus major 98 28 24 31 15 

Successful reproduction 77 27 18 23 9 

Not occupied 22 1 2 2 17 

Abandoned/Predated 21 1 6 9 5 

Occupied by other species 7 1 5 0 1 

Stolen 2 0 2 0 0 

Nr. of nestlings at day 15 592 230 149 164 49 
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5.896, p=0.00116) showed a significant difference between the forest (1) and urban cluster 

(4) as well as non-residential (2) and urban cluster (Fig. 6C). Even though the variables 

total mass at day 15 and number of nestlings at day 15 were normally distributed, a box-

whisker-plot was still preferred, because the differences between the cluster seemed more 

meaningful by showing the median instead of the arithmetic mean. Moreover, the data 

within the 4 clusters do not show normal distribution. The outliers reveal clutches with 

very low body mass (Fig. 6A and 6B) or a low number of nestlings (Fig. 6C).  

 
 

 

Figure 6: Boxplot (A) total body mass of all the nestlings at day 15 in each nest, (B) the average nestling mass 
at day 15 and (C) the number of nestlings at day 15 per nest along the urban gradient. The numbers 1-4 in the 
x-axis describe the different clusters (1) Forest, (2) Non-residential or Agriculture, (3) Residential and (4) 
Urban.  

 

 

Figure 7: Boxplot (A) total body mass of all the nestlings at day 15 in each nest, (B) the average nestling mass 
at day 15 and (C) the number of nestlings at day 15 per nest along the urban gradient. The numbers 1-4 in the 
x-axis describe the different clusters (1) Forest, (2) Non-residential or Agriculture, (3) Residential and (4) 
Urban.  
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3.2 Influence of habitat- and landscape data on the occupation of a nest box 

The correlation analysis of the 19 possible explanatory variables revealed that LAUB6bis30 

and GEBAUDE were highly correlated with VERSIEGELT; TOTHOLZ and LAUBueber31 

were highly correlated with EICHE (see Table 1 for definitions); NPe, Vegetation and DNFP 

were highly correlated with Developed. The variables appearing most biological 

meaningful stayed in the model: LAUB6bis30, GEBAEUDE, Developed and Vegetation. Even 

though there is high correlation between Developed and Vegetation I decided to keep both 

but calculate 2 separate models. I further excluded variables with a narrow range of values 

and too many “zeroes” (very low values): WASSER, NADEL6bis30, NADELueber31, EICHE, 

FUTTER.  

The remaining variables in the two models are: GEBAEUDE, VEGETATIONSFREI, 

WIESEKRAUTFARN, RASEN, STRAUCHBUSCHBAUM, LAUB6bis30, Vegetation, DNVP, NFP, 

NVP in Model 1 (Table 4); and VEGETATIONSFREI, WIESEKRAUTFARN, RASEN, 

STRAUCHBUSCHBAUM, LAUB6bis30, Developed, DNVP, NFP, NVP in Model 2 (Table 5). 

After checking with VIF (variance inflation factor) no confounding effects and no 

multicollinearities could be found in the models.  

Table 4: Results of binomial GLM. Model 1 with GEBAEUDE and Vegetation. 

Variable Estimate Std.Error z-value p-value 

GEBAEUDE 1.4422 1.2028 1.199 0.2305 

WIESEKRAUTFARN 1.4942 1.2356 1.209 0.2266 

VEGETATIONSFREI 1.1857 1.3570 0.874 0.3822 

RASEN -0.3212 1.0376 -0.310 0.7569 

LAUB6bis30 1.8812 1.5685 1.199 0.2304 

STRAUCHBUSCHBAUM 2.4275 1.6657 1.457 0.1450 

Vegetation 19.2212 13.4927 1.425 0.1543 

NFP 1.1129 1.3933 0.799 0.4244 

DNVP 0.2765 0.3518 0.786 0.4319 

NVP 0.1605 0.8989 0.179 0.8583 

Constant -2.9701 1.4341 -2.071 0.0384 

 

Table 5: Results of binomial GLM Model 2 with Developed. 

Variable Estimate Std.Error z-value p-value 

WIESEKRAUTFARN 1.3782 1.2335 1.117 0.264 

VEGETATIONSFREI 1.3598 1.4028 0.969 0.332 

RASEN -0.4217 1.0518 -0.401 0.688 

LAUB6bis30 2.2715 1.5456 1.470 0.142 

STRAUCHBUSCHBAUM 2.0060 1.6509 1.215 0.224 

Developed -2.8368 12.8609 -0.221 0.825 

NFP 0.3261 1.3422 0.243 0.808 

DNVP 0.2492 0.3148 0.792 0.429 

NVP 0.9474 0.8198 1.156 0.248 

Constant -1.6473 1.7903 -0.920 0.358 
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Table 6: Final model after stepwise AIC. there was no difference between Model 1 and Model 2 anymore. 

Variable Estimate Std.Error z-value p-value 

LAUB6bis30 3.5033 1.1950 2.932 0.00337 

WIESEKRAUTFARN 2.2775 1.1210 2.032 0.04219 

Constant -0.6415 0.4475 -1.434 0.15168 

 

The final model contained two explanatory variables WIESEKRAUTFARN and LAUB6bis30, 

after performing a stepwise AIC (Table 6). There were no differences between final model 

1 and 2. The results of the GLM show a significant positive influence of deciduous trees 

(LAUB6bis30, p=0.00337) and meadow (WIESEKRAUTFARN, p=0.04219). The model 

attained a R2(Nagelkerke) of 0.28, indicating acceptable calibration.  

3.3 Influence of habitat- and landscape data on the reproductive success 

The two linear regression models were calculated with the same remaining explanatory 

variables as in 3.2 and showed no collinearities (tested with VIF). As in the GLM before, 

hardly any significances could be found with all remaining nine (Model 3) or 10 (Model 4) 

variables, except for GEBAEUDE (p=0.0407) in Model 3 (Table 7) and Developed 

(p=0.0176) in Model 4 (Table 8).  

Table 7: Results of linear regression Model 3 with GEBAEUDE and Vegetation.  

 

Table 8: Results of linear regression Model 4 with Developed. 

Variable Estimate Std.Error t-value p-value 

GEBAEUDE -44.8087 21.4650 -2.088 0.0407 

VEGETATIONSFREI    -3.2441     19.2702   -0.168    0.8668 

WIESEKRAUTFARN         6.6372     17.4770 0.380    0.7053    

RASEN -25.4499 21.4863 -1.184 0.2405 

STRAUCHBUSCHBAUM  -25.2648     20.8335   -1.213    0.2296 

LAUB6bis30         29.9586     22.5302    1.330    0.1882 

Vegetation        157.7454  214.2121    0.736    0.4641 

LogNFP              3.8124     17.1810    0.222    0.8251 

LogDNVP            -0.0111      7.1131   -0.002    0.9988 

LogNVP              2.8792     14.3336    0.201    0.8414 

Constant 132.2461 29.2799 4.517 2.66e-05 

Variable Estimate Std.Error t-value p-value 

WIESEKRAUTFARN    4.70032    17.27700    0.272    0.7864 

VEGETATIONSFREI    -2.46118    18.55006   -0.133    0.8948 

RASEN -20.04964 20.36343 -0.985 0.3284 

STRAUCHBUSCHBAUM  -22.44023 20.19419 -1.111 0.2704 

LAUB6bis30         32.59681 21.48869 1.517 0.1340 

Developed -488.58651 200.74600 -2.434 0.0176 

LogNFP              -0.06082 17.30741 -0.004 0.9972 

LogDNVP            -1.82622 6.42997 -0.284 0.7773 

LogNVP              7.70071 14.70345 0.524 0.6022 

Constant 146.59366 28.20537 5.197 2.07e-06 
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The stepwise AIC calculated two final models with GEBAEUDE, RASEN, 

STRAUCHBUSCHBAUM and LAUB6bis30 in Model 3 and LAUB6bis30 and Developed in 

Model 4 (Table 9 and 10).  Model 3 showed a significant negative influence of the percentage 

of buildings (GEBAEUDE, p=0.00389), a slightly negative influence of lawn (RASEN, 

p=0.09011) and slightly positive influence of deciduous trees (p=0.05047) (Table 9). Model 

4 showed a significant negative influence of Developed (p=0.000598) and a slightly positive 

influence of deciduous trees (p=0.090416) on the chicken bodymass at day 15 (D15Mass) 

(Table 10). The percentage of shrubs, bushes and small trees (STRAUCHBUSCHBAUM, 

p=0.16975) showed hardly any influence in Model 3 (Table 9).  

Table 9: Final linear Model 3 after stepwise AIC. 

 

 

Table 10: Final linear Model 4 after stepwise AIC. 

Variable Estimate Std.Error t-value p-value 

LAUB6bis30 29.86 17.40 1.716 0.090416 

Developed -521.83 145.50 -3.587 0.000598 

Constant 138.72 14.95 9.278 4.98e-14 

 

The adjusted R² for Model 3 is 0.33 and for Model 4 R²=0.34 which both show acceptable 

calibration. Furthermore, the residuals were tested on normality (Model 3: p=0.9155, 

Model 4: p=0.1534) and no multicollinearities were found in the two models (checked with 

VIF).  

  

Variable Estimate Std.Error t-value p-value 

GEBAEUDE -48.56 16.28 -2.984 0.00389 

RASEN -24.94 14.52 -1.718 0.09011 

STRAUCHBUSCHBAUM -23.66 17.06 -1.387 0.16975 

LAUB6bis30 37.56 18.88 1.989 0.05047 

Constant 143.38 16.00 8.959 2.49e-13 
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4 Discussion 

Among all clusters, the urban cluster (Cluster 4), which reflects the inner city parts, seems 

to be the least favoured one to be occupied by the Great Tits (Table 3). This is because it 

differs the most from the birds’ natural habitat, which is deciduous or mixed forests (Bezzel 

et al, 2013). To adjust to the urban habitats, Great Tits seem to need a certain amount of 

green space and places to hide to accomplish this task (Banbura and Banbura, 2012). The 

lack of green space can also lead to a lack of nestling food (e.g. caterpillars), but it can be 

seen that some city birds adapt their feeding behaviour and switch to other arthropods 

(Banbura and Banbura, 2012). A lower number of nestlings can be compensated with more 

than one breeding attempt per year and so following more successful breeding attempts 

per season (Chamberlain et al., 2009). If the human disturbance (E.g. pedestrians, bikers, 

cars) is too high, Great Tits can suffer higher stress hormone levels and the chance of giving 

up the nest is more likely as in calmer areas (Mikula, 2014; Shanahan et al., 2014). There 

are studies, which describe a selection for more stress resistant individuals: Birds in urban 

areas, which can reduce the sensitivity to omnipresent stressors like humans, could be 

more successful in reproduction, than the ones which are on a permanent high stress level 

(Mikula, 2014). The number of occupied boxes in residential areas (Cluster 3, Table 3) is 

highest, because the availability of natural nesting locations, like holes in old trees, is lowest 

in these places. Most of the residential areas consist of newly built apartment blocks and 

green areas without big old trees. This is why the artificial nest boxes we put up were 

accepted very well. Within a defined urban gradient, the highest avian density can be found 

in suburban areas or habitats with moderate disturbance levels and medium numbers of 

inhabitants (Aronson et al., 2014). In cluster 2, which represents agricultural and non-

residential parts of Vienna, the number of boxes occupied by other bird species was the 

highest. This may be because of the wide and open landscape, often large fields or also 

sealed areas and industrial buildings. This is not the typical habitat of Great Tits but of other 

bird species like tree or house sparrows (Passer montanus, Passer domesticus), which were 

found occupying some of these nest boxes. Agricultural areas are often intensively 

managed, which means high use of fertilizers and insecticides, mowing etc. Such actions 

can lead to a smaller availability of nestling food, but if the management is done responsibly 

and sustainable these areas can also provide resources for wildlife (Shanahan et al., 2014). 

The cluster with the highest occupation rate and also the highest number of nestlings at 

day 15 (230 nestlings), was the forest-cluster (Cluster 1), where 28 out of 30 boxes were 

occupied by Great tits and 27 out of them reproduced successfully. The forest areas 

surrounding Vienna mainly consist of deciduous trees with a small amount of conifers, 

where availability of arthropods as food source may be higher as in the other three clusters. 
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Furthermore, the human disturbance is very low and other factors like a low traffic, noise 

or light pollution could play a role in the better reproductive success (Trollope et al., 2009). 

Further studies on this topic would be needed.  

Influence of habitat- and landscape data on the occupation of a nest box 

The results in table 6 show that the chance the box gets occupied by Great Tits is higher, 

when deciduous trees and “natural” meadows (WIESEKRAUTFARN) are within the 50 m 

radius around the box. A high amount of dense standing deciduous trees suggests safe 

possibilities to approach the nest without generating unwanted attention by predators 

(Hedblom and Söderström, 2012). Furthermore, it appears to the Great Tits that this place 

offers a good food source for their hatchlings. One Hypothesis predicted that the 

percentage of urban development or buildings would have the highest influence on 

occupying the nest box and regarding the small number of occupied nest boxes in the urban 

cluster (Table 3) this appeared to be correct. This seemed not to be the case regarding the 

calculated models. Even though a high percentage of deciduous trees and meadow 

automatically means less buildings, the targeted variables GEBAEUDE and Developed did 

not show significant results in the models (Table 4 and 5). Probably the height of the placed 

nest boxes played a role, because Maziarz et al. (2015) found out that Great Tits prefer 

natural nest holes at a height of two to nine meters above the ground. Our nest boxes were 

placed 1.70 m above the ground on average. Nest boxes in not so hidden places could seem 

less attractive than nest boxes hidden within densely packed deciduous tree sections, 

because the “exposed” effect does not seem that strong and breeding in a low cavity may 

be risky due to heavy predation pressure (Maziarz et al., 2015). This topic might need 

further research on how the preferred nest box location of Great Tits is chosen. 

STRAUCHBUSCHBAUM showed no significant result in both of the models (Table 4 and 5), 

even though it would also consist of young (deciduous) trees < 5 cm treesquare. As this 

category also contains shrubs and bushes, as the non-native Thuja, which is quite frequent 

in several places of Vienna, the result concerning this variable could be misinterpreted. For 

future research it may be better to use different categories for “tit-relevant” and “not tit-

relevant” species.  

Reproductive success 

The results confirmed the hypothesis, that the breeding success decreases along the urban 

gradient, it is highest in the forest cluster and lowest in the inner city parts (Fig. 6). Both 

body mass and clutch size (number of nestlings) show a significant difference between 

forest and city centre. This trend is similar compared to previously ongoing studies 

(Chamberlain et al., 2009) and shows the negative impact of urbanisation on the life of bird 
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species. It has been shown that Great Tits and Blue Tits lay fewer eggs per clutch and 

produce fledglings of lower quality, which probably is a consequence of poorer trophic 

conditions in urban habitat compared to forest habitats (Banbura and Banbura, 2012). 

Another reason for the lower reproductive success of Great Tits in the city centre could be 

the mistiming of reproduction (Visser et al., 1998). Climate in the city differs from the 

conditions in woodlands. Cities tend to have shorter and milder winters, an earlier 

beginning of spring, higher mean temperatures and less exposure to wind (Banbura and 

Banbura, 2012). These factors as well as better pre-laying feeding conditions of the parents 

due to anthropogenic winter food, lead to a shift in the reproductive events to an earlier 

time of the season and can have a crucial impact on chick condition (Visser et al., 1998). 

Often the artificial feeding stops in spring, which can be an ecological trap for the parents, 

because suddenly an important food source is missing and the vegetation period hasn’t 

reached the needed amount of food yet (Hedblom and Söderström, 2012). The diet of Great 

Tit hatchlings is up to 95% made out of caterpillars, which are only available in a short 

period in spring. Great Tit parents synchronize their reproduction with that peak, but due 

to climatic reasons, there can be a shift in caterpillar peak or hatching date of Great Tits 

(Wilkin et al., 2009; Visser et al., 2006). It has to be pointed out that even though the birds 

have a lower body mass at the beginning of their first winter, food can be found much easier 

at the artificial feeding stations humans put up and the milder climate compared to 

woodland and rural areas (Banbura and Banbura, 2012). It is therefore likely to assume 

that the lower winter mortality could compensate the lower condition (Chace and Walsh, 

2006). Regarding the body mass in our data, it can be seen that the nestlings in the forest 

cluster are much heavier than in the inner city parts (Fig. 6A). This is probably due to a 

higher chick food supply, especially spiders in the beginning of the season and caterpillars 

later on (Chamberlain et al., 2009). In the forest no pesticides are used on trees or meadows 

and the amount of wooden green is highest compared to the three other clusters (compare 

Fig. 2 and 4).  

Influence of habitat- and landscape data on the reproductive success 

With a rising percentage of deciduous trees in the 50 m radius area around a nest box, body 

mass of the nestlings and therefore reproductive success is higher than in areas with a low 

percentage. The reason for that is the high amount of arthropod nestling food and another 

reason could be the lower stress level because the birds are less exposed to human 

disturbance (Mikula, 2014). If there are more buildings in the surrounding area a decrease 

in reproductive success can be observed. A higher percentage of buildings results in more 

sealed soil, less (natural) green areas and more human activity. These attributes describe 

a higher urbanisation (Shanahan et al., 2014). The same trend can be seen for a higher 
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grade of developed areas 300 m around the nest (Table 10). These results confirmed the 

hypothesis that breeding success is lower in developed areas and higher in areas with more 

deciduous trees. Green spaces can also have a negative impact on the breeding success if 

they are very artificial, like lawns in parks or football fields and golf courses (RASEN, Table 

9). These seem to lead the Great Tits to believe there are green areas nearby, but in the end 

no nestling food can be found, probably because of the massive use of pesticides and the 

effort to maintain the grass very short (Chace and Walsh, 2004). The Variable 

STRAUCHBUSCHBAUM has no significant influence at all, even though many of them could 

hold a large abundance of nestling food. The main reason for that could be that a lot of 

bushes in the city or residential areas are cut in an unnatural shape or are non-domestic 

species like Thuja, which do not hold representative food sources for Great tit nestlings. In 

residential areas (Cluster 3) allotments are quite frequent, where it is known that there are 

strict regulations in terms of tree and bush shapes. Furthermore, the use of pesticides can 

influence the results here as well. Even though green areas like deciduous trees show 

positive influences, the landscape variable Vegetation does not. This could be because of 

the definition, that it includes all green areas in the city like urban low density, urban green 

space and forest (Schack Madsen, 2016). The analysis of the habitat variables showed that 

not all green spaces are beneficial for the reproductive success, like lawn in parks, golf 

courts and football fields. No variable of the landscape configuration showed significant 

results (Table 7 and 8). Even though some of them got excluded from the model because of 

high correlation issues (see chapter 3.2), the number of green patches or the distance to 

the next patch seems to have less influence on the breeding success than the compositional 

parameters (Developed, Vegetation) in this study. Unfortunately, the number of Oak Trees 

were not included in the model, as they seemed to be quite rare in Vienna and the variable 

therefore contained too many zeroes. Wilkin et al. (2009) found out that breeding success 

of Great Tits is higher if there are Oak Trees within a 25 or 50 m radius as a good food 

supply. Oaks can hold a big amount of Oak Egger larvae (Lasiocampa quercus), which are 

known as one of the most important food sources of Great Tit nestlings (Chamberlain et al., 

2009). Areas known for a high abundance of Oaks in Vienna are the Wienerwald and 

Lainzer Tiergarten in the West (Cluster1). As the breeding success and nest box occupation 

rate is quite high in these places (Table 3, Fig. 6), a positive influence of Oaks can be 

expected, but can also be the result of the high abundance of deciduous trees in general 

(Table 9 and 10).  

Even though I used a 250 m cut-out donut instead of the whole 300 m radius for the 

landscape data, correlation between habitat and landscape variables was still very high and 

showed only minor improvement of the results. This probably means that the correlation 
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does not come from overlapping but from real relationships between the variables, like 

Developed and Sealed (VERSIEGELT) or Buildings (GEBAEUDE).  

My last hypothesis was that habitat parameters describe the reproductive success better 

than landscape parameters. This was not the case regarding the variable Developed, 

because it showed the most significant results, but regarding all the other parameters it 

can be supposed that habitat parameters describe the surrounding areas more accurate for 

example as they can differentiate between green areas. Therefore, variables like lawn, 

meadow or deciduous trees may draw a more accurate picture of the breeding success than 

the variable Vegetation (Table 4 and 7). Even though it is important for habitat 

conservation management purposes to look at small scales on a habitat level, it is also 

important to look at landscape levels or go for a multiscaled approach, because in small 

scale approaches the comparability to other places is weak (Schweiger et al., 2012). Local 

variables may include more biological information, although landscape variables may 

summarize more biological information by representing a larger spatial scale (Melles et al., 

2003). By using multiscaled approaches or different scales for chosen parameters, a 

broader and detailed picture for conservation issues can be drawn (Oja et al., 2005; Burnett 

and Blaschke, 2003). It has to be pointed out that confounding relationships between the 

two scales can be detected (Melles et al., 2003). For future research it may be better to 

differ between urban green space and forest on a landscape level.   

As they appear in a big abundance, it seems that Great Tits are well adapted to the urban 

habitat in Vienna, but looking closer a loss in nestling quality and quantity compared to 

their natural habitat (Forest) can be seen. Along the urban gradient the nestling body mass 

as well as the clutch size drop, being lowest in the city centre, where the habitat is modified 

the most (Shanahan et al., 2014). Still, compared to other insectivorous bird species, like 

Treecreeper (Certhia familiaris) or Robin (Erithacus rubecula), which hardly occur in urban 

areas (Bezzel et al., 2013), Great Tits seem to cope with the negative effects of urbanisation. 

Nevertheless, their adaptation to the habitat City does not seem to be finished yet.  
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Conclusions 

The grade of urbanisation clearly seems to determine the reproductive success of Great 

Tits in Vienna. The higher the development of the city, the less natural the area, the lower 

the occupation rate, as well as nestling body mass and clutch size. This shows that the 

adaptation to the new habitat “city” has not been completed yet and Great Tits seem to get 

caught in an ecological trap. As generalists, their ability to adapt to unnatural habitats is 

better compared to other insectivorous bird species. Nevertheless, their reproductive 

success is still lower in cities than in the forest.  
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