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Abstract 
Urban areas are becoming increasingly dominant worldwide, and studies of long-term trends in 

urban bird populations are necessary to evaluate the impact cities have on wildlife and the 

ecosystem function upon which humans depend. However, few studies to date have examined 

long-term population trends of birds in urban areas. This study aimed to document the long-

term bird population trends in urban green spaces. Birds were censused in 93 green spaces in 

Oslo, Norway. The first census was conducted in 2005-2007, and the second census was 

conducted approximately 15 years later, in 2021. Population trends for 45 breeding land bird 

species were considered, and ecological traits including body mass and brain size, migration 

strategy, nest site selection, diet, habitat preference, and red list status were considered as 

potentially contributing factors to population change. Additionally, population trends in Oslo 

were compared to national trends in Norway and Sweden to examine whether urban birds in 

Oslo exhibit different trends from the species in general. This study found evidence that 

migratory species declined relative to resident species, and populations of diet specialists and 

farmland species declined. Contrary to predictions based on previous studies of the importance 

of brain size for urban living, I found that brain size did not contribute to the long-term changes 

in the bird communities in Oslo. Overall, there was no significant change in the number of 

individuals or occupancy in Oslo over the last 15 years. The population trends were consistent 

with the temporal changes from the national counting in Sweden and close to observed 

population changes in Norway. These results suggest that population changes in urban 

environments are influenced by the same factors as the bird communities at the national scale. 

Thus, there was no evidence that urban bird species had population trends differing from those 

of birds at a wider scale.  
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Introduction 
Today, more than half of the world's population lives in urban areas (Ritchie & Roser, 2018), 

and during the last century, the shift from natural to man-made habitats has occurred at an 

unprecedented scale (Marzluff & Ewing, 2001; Shochat et al., 2006; Liu et al., 2018). It is now 

undeniable that urbanization negatively impacts biodiversity (Aronson et al., 2016; Fidino et 

al., 2021; McDonald et al., 2020; Pyšek et al., 2004). Cities are usually located in biodiversity 

hot spot areas, and the associated habitat loss caused by urbanization is a major driver of species 

extirpations or extinctions (Czech et al., 2000; McDonald et al., 2008; Myczko et al., 2014). In 

addition, biodiversity has declined significantly worldwide in recent years for several taxa 

(Butchart et al., 2010). Among the threats to biodiversity include changes in agricultural 

practices, habitat loss, degradation, illegal hunting, invasive and alien species (IUCN, 2015), 

and climate change (Møller et al., 2010; Parmesan & Yohe, 2003; Parmesan, 2007; Walther et 

al., 2002). It has been demonstrated that numerous bird species in Europe have experienced 

significant population declines, particularly those associated with agricultural systems (Donald 

et al., 2006; Gregory et al., 2005; Reif, 2013; Tucker & Heath, 1994), and those that migrate 

long distances (Heldbjerg & Fox, 2008; Sanderson et al., 2006; 2016; Thaxter et al., 2010).  

 

As cities continue to grow and urbanize worldwide, the selective pressure on species in these 

areas will likely increase, forcing species to either adapt to the novel conditions or disappear. 

Still, some species persist and, at times, thrive in cities. The diversity is often favored by these 

(usually few) tolerant species that manage to adapt and persist under this higher degree of 

urbanization (McKinney, 2006). Populations can be categorized as 'winners' or 'losers' 

according to whether they are thriving or declining in their environment (McKinney & 

Lockwood, 1999). 

 

Cities usually have green spaces suitable for certain species, and most of these green spaces 

are public parks or cemeteries. The vegetation usually includes introduced non-native species 

of trees, grasses, and bushes, managed lawns, and removal of mid-story canopy (Luck & 

Smallbone, 2010). In addition, urban areas often have a high food abundance and low predation 

risk, which explains the global pattern of high urban bird densities (Shochat, 2004). However, 

while food resources for urban birds may be abundant at the population level (Marzluff, 2001), 

it might be scarce at the individual level due to intense competition (Sol et al., 1998).  
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Changes in abundance and occupancy are essential components of biodiversity change and 

contribute in different ways to biotic change (Dornelas et al., 2019). Whether the urban bird 

community compositions are unique because of the selection of certain species (winners) with 

specific characteristics or if other factors influence the composition of the urban communities 

has been explored (Bonier et al., 2007; Dale et al., 2015; Møller, 2009; Seress & Liker, 2015). 

It has frequently been reported that urbanization favors residency rather than migration (Croci 

et al., 2008; Møller et al., 2014), urbanization favors species that are generalists (e.g., review 

by Chance & Walsh, 2006), species that nests high and in cavities rather than ground nesters 

(Jokimäki et al., 2016) and species with a broad environmental tolerance (Bonier et al., 2007). 

Conversely, other researchers suggest that the bird diversity in urban areas, such as Oslo, is 

influenced mainly by the diversity of birds found in the surrounding habitat (Dale et al., 2015; 

Møller et al., 2012; Sol et al., 2014), suggesting that the urban bird communities result from 

immigration from the surrounding landscapes. Because species traits have been linked to 

extinction risk in various taxa, from higher plants (Smart et al., 2005), to primates (Purvis et 

al., 2000), it is important to identify these ecological, life history, and behavioral traits. As these 

traits might contribute to species declines and extinctions, we can learn more about the 

underlying mechanisms, predict which species will face problems, prioritize research and 

conservation efforts, and develop management strategies (Kotiaho et al., 2005; Vercauteren et 

al., 2010).  

 

An insufficiently explored process is how the urban environment has changed the long-term 

composition of species inhabiting urban areas. Long-term studies provide us with essential 

insight into ecological processes at different scales, such as populations, communities, and 

ecosystems. Additionally, long-term research in urban areas allows us to understand trends and 

dynamics that could have gone unnoticed in short-term studies. However, long-term urban 

ecological datasets are extremely scarce (Fidino et al., 2022). This is primarily due to the lack 

of exploration into the urban ecology of cities, and this has only increased in recent decades 

(Magle et al., 2012). Long-term research in urban areas is important because urbanization has 

a homogenizing effect on biodiversity as natural habitats are reduced (Liang et al., 2019; 

McKinney, 2006; Newbold et al., 2018). As birds are well-known and well-studied, they are 

often used as surrogates for other biodiversity elements and could act as a good indicator of the 

ecosystem's health (Gregory et al., 2008). Urban bird studies have contributed to the field of 

urban ecology, and many of the patterns observed within urban systems are demonstrated with 

birds (Aronson et al., 2014; Blair, 1999; Crooks et al., 2004; Marzluff, 2008). Still, these studies 
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have mainly focused on patterns and processes at different spatial scales, and most of the 

studies are conducted over a short time period (Marzluff, 2001).  

 

To explore how species composition changes over time in a city, the urban bird communities 

of 93 green spaces in Oslo, Norway, were studied. Between 2005 and 2007, these green spaces 

were censused in the breeding season (Dale et al., 2015; Dale, 2018). I repeated these censuses 

to examine how the urban bird community has changed, and whether changes in the bird 

community are influenced by ecological traits such as brain and body size, migratory behavior, 

nest site selection, diet, habitat preference, and red list status. In addition, national population 

trends were used to test whether population changes in Oslo were unique to Oslo or followed 

national trends. I hypothesized that urban birds are subject to specific selection pressures. 

Based on this hypothesis, I predict that urban birds with specific traits that are particularly well 

adapted to urban environments are likely to exhibit positive population trends. For the specific 

ecological traits: 
	
§ I predict that there has been a shift in Oslo over the past 15 years towards species with 

larger brains. Although Dale et al. (2015) found no effect of brain size on urban living in 

Oslo, several researchers have found that brain size facilitates population change in which 

species with larger brains are more successful in urban and novel environments (Carrete & 

Tella, 2011; Maklakov et al., 2011; Overington et al., 2009; Sayol et al., 2020; Sol et al., 

2005). This can be explained by the fact that brain size is widely considered to be one of 

the primary mechanisms through which animals cope with novel environmental changes, 

facilitating population persistence when there is an unpredicted change in the environment 

(Price et al., 2003; Sol et al., 2013). However, these studies demonstrating that larger brains 

are favored do not address the long-term changes in urban communities as this research 

does. 

§ There is also evidence of an ongoing trend favoring species with larger bodies, while 

species with smaller bodies are declining more rapidly (Inger et al., 2015). This study only 

considered land bird species, and other large-bodied species, including geese, whose 

populations have generally increased, were not included. Therefore, I do not predict that 

body size is related to population changes in Oslo.  

§ I predict that there has been a decline in migratory species, primarily long-distance 

migrants. Several studies have found that long-distance migrants breeding in Europe show 
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the most considerable population declines (Heldbjerg & Fox, 2008; Sanderson et al., 2006; 

Thaxter et al., 2010) and that residency is favored in urban areas (Møller et al., 2014).  

§ Dale et al. (2015) found that high and cavity-nesting species are the most successful species 

in the urban environment of Oslo. Additionally, one of the most consistent effects of 

urbanization is on ground-nesting birds, whose abundance will be negatively affected by 

urbanization (Clergeau et al., 2006; Dale, 2018; Evans et al., 2011; Hedblom & 

Söderström, 2010; Jokimäki & Huhta, 2000; McLain et al., 1999). Hence, I predict a 

positive population trend for species nesting high and in cavities and a decline for ground-

nesting species. 

§ Research on European bird communities shows that the most successful urban adapters 

tend to be omnivorous species (Chace & Walsh, 2006; Evans et al., 2011; Kark et al., 2007; 

Le Viol et al., 2012; Møller, 2009), a sort of generalist species. Hence, I predict a decline 

in specialist species and an increase in generalist species. 

§ Farmland birds represent the group of birds that have shown the most negative population 

decline in Europe (Donald et al., 2001; Inger et al., 2015; Kamp et al., 2021; Pain & 

Pienkowski, 1997; Tucker & Heath, 1994). Hence, I predict that there has been a similar 

decline for farmland species in Oslo.  

§ I predict a decline for species categorized as threatened in the Norwegian Red List, similar 

to the decline in Norwegian national trends (Stokke et al., 2021).  

 

As urbanization continues, selection pressures on species will likely increase, eventually 

leading to a loss of species that cannot survive high levels of urbanization. If this is the case, I 

would expect species richness to decline. Although several researchers have reported that the 

composition of urban bird communities is unique due to the selection of species with specific 

traits, one could, on the other hand, also argue that urban birds may be influenced by the same 

factors as bird populations on a larger scale. Thus, the urban species composition in Oslo would 

reflect large-scale (Norwegian or Swedish) patterns of change in species population in the 

regional pool (Fidino et al., 2022; Murgui, 2014; Ward et al., 2018). If this is the case, species 

population trends within Oslo should therefore reflect overall national trends. 
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Materials and methods 
Study area 
The study was carried out in Oslo, the capital of Norway. Oslo is located in the southeastern 

part of Norway (59.91° N, 10.75° E), and the municipality of Oslo had a population of 699 827 

in 2021 during this study (Statistisk sentralbyrå, 2022). Oslo is surrounded by hills, forests, and 

the fjord in several directions. To the north and east perimeter of the city, two vast forested 

areas (Marka) border to the urban Oslo. Approximately 310 km2 of the total area of the Oslo 

Municipality (454 km2) lies within Marka, and the population density for the urban areas is 

4 859 inhabitants per km2. The city of Oslo has many parks and green areas within the city 

core. Parks, cemeteries, and other green spaces were censused in this project, aiming to cover 

nearly all green spaces larger than 1 ha in the built-up areas of Oslo (Dale, 2018). I surveyed 

the bird community of 93 green spaces in the city of Oslo and around the city center (Figure 

1). The green spaces were the same in 2021 as those recorded during the first censuses 

conducted in 2005-07.  

 

 

 

The vegetation of the 93 green spaces included in this study varied; most of the spaces consisted 

of managed parkland with some natural vegetation. Deciduous forests and mixed forests 

dominated the natural vegetation. There was a gradual gradient from the city center of Oslo to 

Figure 1. Map of the study area in Oslo, Norway (made in Google Maps). The dark gray areas represent 
the 93 green spaces surveyed in 2005-2007 and 2021. In some cases, sites were so close to each other 
that they merged on the map.  
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the borders of Marka, from residential and commercial buildings to residential areas with a 

considerable amount of vegetation. The 93 green spaces in Oslo included in this study were 

divided into three zones according to the degree of urbanization: (1) The inner zone (n = 22) 

consisted of residential, commercial, and office buildings, while the green spaces were mostly 

restricted to parks and cemeteries. (2) The middle zone (n = 20) was located between Ring 

Roads 2 and 3, and included a similar environment to the inner zone, but more houses had 

gardens, and undefined green spaces became more frequent. (3) The outer zone (n = 51) was 

located outside Ring Road 3 and consisted mainly of residential areas with a mix of apartment 

buildings and many individual houses with gardens. Due to a strict ban on constructing houses 

outside the designated boundaries of Marka, the periphery of the city forms an abrupt boundary 

with the adjacent non-urban habitat. Coniferous forests were the predominant forest type on 

the periphery of the city, outside the border to Marka. Minor changes were detected in only a 

few sites (n = 3); hence population changes are unlikely to be related to habitat changes 

 

Bird censuses  
The bird censuses were conducted during the breeding season from late April to the middle of 

June 2021. Each of the 93 urban green spaces was censused two times, giving a total of 186 

individual censuses. In 2005-07, three censuses were conducted at different times of the 

breeding season. The two censuses from 2005-07 chosen to use as a comparison to the two 

censuses in 2021 were often conducted in the same year (n = 83), and the remaining (n = 10) 

were held in different years. In order to evenly distribute the 2021 visits in the different time 

periods used in 2005-07, 51 visits were made in the early period, 67 visits during the middle 

period, and 68 visits during the late period (sum of 186 = two visits per green space). All visits 

to the 93 green spaces in 2021 were similar to those in the dataset from 2005-07; for example, 

if the two visits were early and mid-period, the same was done in 2021. The three time periods 

during which the census was conducted were made up of the early period (22. April - 15. May), 

the middle period (16. May - 29. May), and the late period (30. May - 15. June). 

A census consisted of walking slowly through each site with care to avoid double counting. 

The paths were chosen to cover each green space evenly, and no parts of the sites were more 

than 100 meters away from the paths used (Dale et al., 2015). The censuses usually began at 

sunrise, at the earliest 04:15 am, and finished around 09:00 am (latest at 10:15). In line with 

the previous studies in Oslo (Dale et al. 2015; Dale 2018), sites in the city center were visited 
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earlier in the morning than the other sites in order to avoid traffic noise and human disturbance, 

which may reduce bird detection rates. 

In windy or rainy conditions, the censuses had to be postponed. The time spent at each site 

increased with the size of the site. The minimum time spent at each site was 10 minutes, and 

the maximum time was 1 hour and 30 minutes. The mean of the median time spent at all sites 

in 2021 was 27 minutes, while in 2005-07, the mean of the median time spent at sites was 25.2 

minutes. The slight increase in time spent at the sites was due to my inexperience with bird 

identification at the beginning of the fieldwork period. Both the 2005-07 and 2021 censuses 

aim to register all individuals and determine the occupancy of urban birds; therefore, this is 

unlikely to have affected the results.  

Study species and species characteristics 
Only breeding land bird species were considered during the bird censuses of Oslo; species 

entirely dependent upon wetlands and passage migrants were excluded from the study. The 

species were recorded as either present or absent (occupancy), and the total number of 

individuals of each species at each of the 93 green spaces. While a wide range of ecological 

factors and life-history traits have been linked to urban bird community composition and 

population changes, I focused on seven features of the species ecology that could affect their 

ability to utilize urban areas. Present in at least four sites in at least one of the time periods 

(2005-07 or 2021), species were classified in relation to the following ecological traits:  

§ Body and brain mass: data was taken from Dale et al. (2015). Relative brain mass values 

were the residuals from a regression analysis of brain mass on body mass.  

§ Migratory strategy: species were initially classified as either resident (n = 19) or migratory 

(n = 26) based on Dale et al. (2015). Note that species in which only a minor portion of the 

population is a resident are classified as migratory. Migratory species were then separated 

into short-distance migrants (n = 13) and long-distance migrants (n = 13) based on "Norsk 

Ringmerksatlas" (Bakken, 2006).  

§ Nest sites: species were classified into four groups following Dale et al. (2015); (1) ground 

(n = 4) or (2) low in bushes (< 2 m above ground, n = 12), (3) high in trees (> 2 m above 

ground, n = 12), or (4) in cavities (n = 17).  

§ Diet: species were classified as being either specialists or generalists based on their dietary 

preference; data was taken from Dale (2018). Feeding specialists (n = 21) were insectivorous 
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and predatory species, and feeding generalists (n = 24) were omnivorous and granivorous 

species (many of which also supplement the diet with insects during summer).  

§ Habitat preference: species were classified into four habitat types following Dale et al. 

(2015); (1) breeding predominantly in coniferous forests (n = 6), (2) breeding predominantly 

in mixed and deciduous forests (n = 21), (3) breeding predominantly in farmland habitats (n 

= 15), and (4) breeding predominantly in urban areas (n = 3).  

§ Red list status: The species' red list status was based on the Norwegian Red List (Stokke et 

al., 2021). Species were classified as threatened (n = 6) and red-listed as Critically 

Endangered (CR), Endangered (EN), Vulnerable (VU; n = 1), or Near Threatened (NT; n = 

5), or not red-listed as Least Concern (LC; n = 38). One species (Columba livia) was not 

categorized in the red list and excluded from further analysis. 

 

Statistical analysis  

Ecological variables  

All statistical tests included species (n = 45) present in ≥ 4 of the green spaces in at least one 

of the time periods (2005-07 and 2021). A Kruskal-Wallis test was used to analyze the 

relationship between population trends and habitat preference (four categorical variables: 

farmland, mixed, coniferous forest, urban) and nest-site preference (four categorical variables: 

cavity, high, low, ground). The association between migration status (two-level categorical 

variable; migratory and resident, short- and long-distance migrants), dietary preferences (two-

level categorical variable; specialist and generalist), red list status (two-level categorical 

variable; threatened and non-threatened), and change in species occupancy and the number of 

individuals was examined using Mann-Whitney U- tests. All statistical tests were considered 

statistically significant when p < 0.05. 

 

Long-term population changes 

The analysis of changes in urban bird communities in Oslo between 2005-07 and 2021 was 

carried out using paired t-tests. The associations between the two types of change in the bird 

community in Oslo, the percentage change in occupancy and the number of individuals, were 

analyzed with a Pearson's correlation test. 

To test whether there is an association between population trends in Oslo, Norway, and 

Sweden, I conducted nine GLM analyses. First, the Norwegian data from the Pan-European 
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Common Bird Monitoring Scheme (PECBMS) were used to determine whether bird species in 

Oslo have changed according to national trends. PECBMS collects survey data from all 

participating countries from 1996 to 2017. To match the time period in Oslo, I compared the 

trends in Oslo to the Norwegian national trends, selecting the period 2007-2017. Since we are 

interested in relative rather than absolute changes for the species, I had to calculate index values 

for the species in the PECBMS report by dividing all values from the later years by the values 

from 2007. The slope value was used directly in the analysis (index versus year), and the slope 

estimates were used as the annual change index. As most of the censuses done 15 years ago in 

Oslo are from 2006 and 2007, it would be logical to use the data from 2006 in the PECBMS 

report. However, one reason for using the data from 2007 is that TOV-E (the national bird 

census website in Norway) does not provide pre-2007 data. Therefore, I found it more 

appropriate to use the period from 2007 to 2017. The PECBMS dataset for national trends in 

Norway lacked data for 9 of the 45 species of interest.  

For this reason, data on Swedish bird populations (Green et al., 2020), which contain data on 

44 of the 45 species (data were missing for Carduelis cannabina), were also used to compare 

the population trends observed in Oslo. This Swedish report, entitled "Övervakning av 

fåglarnas populationsutveckling" (Green et al., 2020), contained information on the annual 

percentage change for species from 1996 to 2020 and did not require the calculation of index 

numbers for species, so it could be used directly to compare the population trends. Species 

covered by both the Norwegian and Swedish monitoring showed similar trends (Table 1). 

However, the population change for the birds of interest in the Swedish report (Green et al., 

2020) covered a relatively long time period (1996-2020). 

To match the time period in Oslo, I also used the Swedish PECBMS dataset, which had the 

possibility to select a specific time period, chosen to be 2007 to 2017. As with the Norwegian 

PECBMS data, it was necessary to calculate the index numbers for each species. If information 

was not available for a species in some of the earlier years in the dataset (in this case, there was 

no data for one species in 2007), I excluded that year from the analysis and calculated the index 

starting in 2008. The period from 2007 to 2017 (n = 44) in the Swedish PECBMS dataset 

showed a strong, statistically significant relationship with the Norwegian (PECBMS) national 

trends (Table 1). In addition, Spearman's rank-order correlation tests were performed due to 

some outlier values.  
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Aggregated analysis of the ecological variables and Swedish trends 

Generalized linear models with Gaussian error and an identity link function were used to 

analyze the relationship between ecological variables and the change in occupancy and number 

of individuals in Oslo. Four multiple regressions were conducted; either the change in 

occupancy or the number of individuals in Oslo over the past 15 years as the independent 

variable. The dependent variables, brain and body size, migration, nest site, habitat, diet, and 

red list status were all included in the same analysis. Swedish trends (1996-2020 and 2007-

2017) were included as dependent variables in each analysis. Norwegian data from the Pan-

European Common Bird Monitoring Scheme (2007-2017) were not included in the combined 

analysis, because there was no significant relationship between the variables and the population 

trend in Oslo. Groups of variables were excluded if they contained fewer than two species. In 

the final table, p-values < 0.1 are shown. All analyses were performed using the integrated 

development environment Rstudio in the statistical software R (version 4.1.1; R Core Team, 

2021).  
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Results 

Long-term population changes 
Exactly the same number of species was observed in the 93 green spaces surveyed in Oslo in 

2005-07 as in 2021 (n = 58). Summing all species found in more than four green spaces, 45 

species in 20 families were observed in Oslo. Of those, 24 species declined, and 21 increased 

in occupancy (Figure 2A). The number of individuals declined for 20 species, increased for 24, 

and remained stable for one (Figure 2B). The change in the total number of individuals was -

1.149 %, and the change in occupancy of bird species in Oslo over the last 15 years was -1.094 

%. There was no statistically significant change either for the percentage change in occupancy 

(t = 0.33, df = 44, p = 0.74) or the percentage change in the number of individuals (t = -0.56, 

df = 44, p = 0.58).   

 

 
Figure 2. (A) The percentage change in occupancy of bird species along with (B) the percentage change in the number of 
individuals of each species in Oslo from 2005-2007 to 2021. Based on species (n = 45) found in ≥ 4 of the green spaces. 
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Thus, the occupancy and the total number of individuals of urban bird species have remained 

nearly unchanged in Oslo over the past 15 years. Although there were no statistically significant 

changes for the bird community in Oslo as a whole, some species have experienced substantial 

population increases or decreases (Figure 2). 

 

The dominant species among the birds with the steepest positive occupancy trend in Oslo in 

the last 15 years are Phylloscopus collybita and Coccothraustes coccothraustes. In contrast, 

Carduelis spinus, Ficedula hypoleuca, Sylvia atricapilla, Sylvia borin, and Apus apus had the 

steepest negative trend in occupancy (Figure 2A). Phylloscopus collybita was also the species 

with the steepest increase in the number of individuals. The second and third species with the 

steepest increase in the number of individuals were Turdus philomelos and Pyrrhula pyrrhula. 

However, these species were not very common and only increased with a few individuals. 

Considering that only the percentage change is presented in Figure 2B, the increase appears 

more dramatic than it is. In addition, the number of individuals of Coccothraustes 

coccothraustes also increased substantially. Species that experienced the greatest decrease in 

the number of individuals include Carduelis spinus, Delichon urbica, Carduelis cannabina, 

Hirundo rustica, Ficedula hypoluca, Sturnus vulgaris, and Apus apus (Figure 2B). 

 

Changes in the urban bird community of Oslo showed a statistically significant relationship 

between change in occupancy and the number of individuals (Pearson's correlation test: t = 

6.52, df = 43, p = < 0.001), indicating that there is a relationship between change in occupancy 

and number of individuals in Oslo during the last 15 years. A complete table of species trends 

can be found in the Appendix (Appendix 1). 
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Ecological variables  

Body and brain mass 

The results of the analysis showed that neither relative brain size nor body mass was correlated 

with the changes in urban bird communities that have occurred in Oslo over the past 15 years 

(Figure 3). Specifically, there were no significant relationship between body mass and the 

percent change in occupancy (R = 0.89, n = 45, p = 0.89; Figure 3A) and percent change in the 

number of individuals (R = -0.061, n = 45, p = 0.69; Figure 3B). Similarly, no significant 

relationship was found considering relative brain sizes and the population changes in Oslo 

(percent change in occupancy: R = -0.024, n = 45, p = 0.88; Figure 3C and percent change in 

the number of individuals R = 0.022, df = 45, p = 0.88; Figure 3D).  
 

Figure 3. The association between the percentage change in occupancy and the percentage change in the number of 
individuals in relation to (A and B) body mass measured in grams and (C and D) relative brain size. A negative value on the 
x-axis indicates a small brain size compared to body size and vice versa. Black points represent the species (n = 45), and the 
blue line is the regression line.  
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Migration strategy 

There was no significant association between the percentage change in occupancy and whether 

the species was migratory or resident (W = 181.5, n = 45, p = 0.14; Figure 4A). In contrast, 

there was a significant difference between migratory and resident species when analyzing the 

change in the number of individuals (W = 160, n = 45, p = 0.046) in Oslo over the last 15 years, 

indicating a decline in migratory species (Figure 4B). Furthermore, when separating the 

migratory species into two groups; short-distance migratory species and long-distance 

migratory species, there was no significant difference between the two groups concerning 

population change in Oslo (percentage change in occupancy: W = 61, n = 45, p = 0.24; Figure 

4C and percentage change in the number of individuals: W = 74, n = 45, p = 0.61; Figure 4D).  

 

Figure 4. (A and B) Migratory species (n = 26) and resident species (n = 19) and their association with the percentage change 
in occupancy and the number of individuals, and (C and D) short-distance (n = 13) and long-distance (n = 13) migratory 
species and their association with the percentage change in occupancy and the number of individuals in Oslo over the last 15 
years. 
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Nest site  

Nest-site selection did not appear to be associated with percentage change in occupancy (H = 

4.48, df = 3 p = 0.21; Figure 5A) or number of individuals (H = 3.34, df = 3, p = 0.34; Figure 

5B) in Oslo over the last 15 years. Although there was no significant difference between the 

nest site selection groups, ground-nesting species appeared to have the highest average 

population increase (Figure 5).  

Figure 5. The association between nest site selection and (A) percentage change in occupancy and (B) the percentage change 
in the number of individuals in Oslo over the last 15 years. Nest site selection was grouped as cavity (n = 17), high (n = 12), 
low (n = 12), and ground-nesting (n = 4) species.  
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Dietary preference 

Over the last 15 years, changes in the population trends of the bird species in Oslo were 

associated with the diet of the species (Figure 6). Specifically, the two dietary groups 

significantly differed when considering the bird communities' change in percentage occupancy 

(W = 348.5, n = 45, p = 0.029; Figure 6A). However, when the percentage change in the number 

of individuals and the dietary preference groups was considered, there was no significant 

difference between the two groups (W = 304, n = 45, p = 0.24; Figure 6B). 

 

 
Figure 6. The association between dietary preference and (A) the percentage change in occupancy and (B) the percentage 
change in the number of individuals in Oslo over the last 15 years. The species were categorized as either generalist (n = 24) 
or specialists (n = 21). The outlier for change in specialist species is the Phylloscopus collybita 
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Habitat preference  

There was no significant difference between the breeding habitat groups (urban, farmland, 

coniferous, and mixed forests) and the species population trend either in the percentage change 

in occupancy (H = 3.72, df = 3, p = 0.29; Figure 7A) or the number of individuals (H = 4.74, 

df = 3, p = 0.19; Figure 7B) in Oslo over the last 15 years.  

 

Figure 7. The association between habitat preference and (A) percentage change in occupancy and (B) percentage change in 
the number of individuals in Oslo over the last 15 years. Species were categorized as breeding predominantly in urban areas 
(n = 3), breeding predominantly in farmland habitats (n = 15), breeding predominantly in a coniferous forest (n = 6), and 
breeding predominantly in deciduous and mixed forests (n = 21). 
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Red list status 

There was no significant difference between the two groups of threatened and not threatened 

species, and their population change in either occupancy (W = 143.5, n = 44, p = 0.32; Figure 

8A) or change in the number of individuals (W = 168, n = 44, p = 0.066; Figure 8B) in Oslo 

over the last 15 years. Even though there was no statistically significant difference between the 

two groups, Figure 8 indicates that the species considered threatened have declined compared 

to the not threatened species.  

Figure 8. The association between red list status and (A) the percentage change in occupancy and (B) the percentage change 
in the number of individuals in Oslo over the last 15 years. Species were categorized as either threatened species, including 
species in the red list category VU and NT (n = 6), or not threatened (LC; n = 38). 
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Urban changes in relation to national trends 
The population trends from Oslo, Norwegian national trends (2007-2017; PECBMS), and two 

Swedish national trends (1996-2020; Green et al., 2020 and 2007-2017; PECBMS) were 

compared through GLM analysis (Table 1). 

 

Table 1 
Changes in urban bird populations in relation to national trends of the species, analyzed using GLM analysis. The Swedish 

population trends were from 1996-2020 (OFPU) and 2007-2017 (PECBMS), and the Norwegian trends were also from 2007-

2017 (PECBMS). The change in Oslo was based on total percentage change over 15 years, while those of Sweden and Norway 

were annual percentage changes.  

 
Independent 

variable 

 

 Dependent variable  n Estimate SE t-value p-value  Spearman    

rank 

correlation 

Sweden 1996-2020 Change in occupancy Oslo 44 1.69 0.408 4.16 <0.001 0.38 

p = 0.01003 

 

 

Change in individuals Oslo 44 47.68 8.23 5.79 <0.001 0.46 

p = 0.0015 

 Norway 2007-2017 

 

35 49.36 23.09 2.14 0.040 0.45 

p = 0.0072 

Sweden 2007-2017 

 

Change in occupancy Oslo 44 0.0024 0.0005 4.70 <0.001 0.42 

p = 0.0038 

 Change in individuals Oslo 44 3496.02 684.24 5.11 <0.001 0.42 

p = 0.0044 

 

 

Sweden 1996-2020 43 0.0099 0.0012 7.92 

  

<0.001 0.75 

p = < 0.001 

 

 

Norway 2007-2017 

 

35 0.73 0.24 3.095 0.004  0.47 

p = 0.004 

Norway 2007-2017 

 

Change in occupancy Oslo 35 67.71      75.72 0.89   0.38 0.15 

p = 0.39 

 Change in individuals Oslo 35 3252.19 1893.6 1.72 0.095 0.25 

p = 0.15 

 

Both the Swedish trends appeared to be statistically significantly related to the population 

changes in Oslo during the last 15 years, to the Norwegian national trends (Table 1) and 

between the two Swedish trends. There was no significant relationship between the population 

trends in Oslo and Norway, although the data appears to be connected.  
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Based on the significant association between the population trends in Sweden and Oslo (Table 

1), Figure 9 was made to illustrate this change. Considering the strong relationship (p < 0.001) 

between the change in the number of individuals and the change in occupancy in Oslo over the 

last 15 years, only the change in the number of individuals is presented (Figure 9).  

 
 

 
Figure 9. The percentage change in the bird community in Oslo over the last 15 years against (A) the estimated change per 
year in Sweden from 1996-2020 and (B) the estimated annual percentage change per year in Sweden from 2007-2017. The 
green points represent the species (n = 44).  
 
Most species are centered around zero, suggesting a stable trend and little change (Figure 9). 

Considering the outliers caused by the high number of individuals of Carduelis carduelis (from 

the PECBMS report) and Phylloscopus collybita in Oslo for the past 15 years (Figure 9), a 

Spearman rank correlation test was conducted. The test indicated that the significant 

associations were weak correlations (0.20 to 0.39) to strong correlations (0.70 to 0.89; Cohen 

et al., 2013), and all significant associations were also significant in the test (Table 1). 
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Aggregated analysis  
A combined analysis was performed to assess the effects of all ecological variables and 

Swedish trends on population change in Oslo. Table 2 shows that the significant relationships 

are similar when different independent and dependent variables are combined.  

 

Table 2 
Urban bird population changes in relation to all ecological variables and Swedish population trend as dependent variables. 

The Swedish population trends were from 1996 to 2020 (OFPU) and 2007 to 2017 (PECBMS). Nest site selection in cavities 

and habitats in coniferous forests were used as the references for analyzing these groups of four levels. Generalist species 

were used as the reference for specialist species. Groups with p - values less than 0.1 are shown in the table, and the variables 

in a group where one of the groups in the variable is significant. Ecological variables with ≤2 species in that group were 

excluded from the table below. 

 

 
According to the analysis, there was a significant difference between high and cavity-nesting 

species. The population of the high-nesting species appeared to decrease compared to the 

cavity-nesting species. It also appears that farmland and mixed habitat species have declined 

compared to coniferous forest species in Oslo over the past 15 years (Table 2). 

Independent variable Dependent         

variables 

Estimate    SE t-value  p-value 

Change in occupancy in Oslo Sweden 1996-2020 1.73 0.54 3.19 0.00337  

 Nest site: High  0.48 4.16   0.11 0.91    

 Nest site: Low  4.029 5.33 0.76 0.46 

 Nest site: Ground 12.04 6.19 1.95 0.061 

Change in occupancy in Oslo Sweden 2007-2017 178.86 40.14 4.46 <0.001 

 Nest site: High -244.11 87.41 -2.79 0.00901 

 Nest site: Low -56.58 96.79 -0.59 0.56   

 Nest site: Ground   8.59 5.56 1.54 0.13 

Change in number of individuals in Oslo Sweden 1996-2020 64.71 10.42 6.21 <0.001 

 Habitat: Farmland -281.12 104.56 -2.69 0.0118 

 Habitat: Urban  -263.25   198.79 -1.32 0.20    

 Habitat: Mixed -235.94 90.27 -2.61 0.0141 

Change in number of individuals in Oslo Sweden 2007-2017 5543.90 833.71 6.65 <0.001 

 Nest site: High  -244.11 87.41 -2.79 0.0090 

 Nest site: Low -56.57 96.79 -0.59 0.56 

 Nest site: Ground  -28.029 115.56 -0.24 0.81 

 Habitat: Farmland    -294.57 95.38 -3.09 0.0043  

 Habitat: Urban    42.14 192.57 0.219 0.83 

 Habitat: Mixed       - 187.65 84.42 -2.22 0.0339 



 

 

 

22 

Discussion 

Long term changes  
Several studies have reported that European birds are declining at an alarming rate (Burns et 

al., 2021; Gross, 2015; Inger et al., 2015; Lehikoinen et al., 2019). In contrast, this study found 

that the bird population in Oslo has not declined significantly over the past 15 years. Some 

assemblage surveys might support this result, as they have suggested a more balanced picture 

of change (Dornelas et al., 2019; Vellend et al., 2013; 2017). Furthermore, the population 

dynamics of the urban bird community of Oslo appear to primarily reflect the general national 

trends in Sweden. Swedish population trends were also the strongest of all the dependent 

variables for change in the Oslo bird community, suggesting that the same species increased or 

decreased. Similar population trends between Oslo and Sweden were expected, primarily 

because of the similarities in climate, environment, and proximity between the two countries. 

On the other hand, the population change in Oslo and the Norwegian national trends did not 

appear to be significantly related. A possible explanation for the absence of a relationship might 

be that there were fewer species in the Norwegian dataset than in the Swedish dataset. 

Meanwhile, the Swedish and Norwegian datasets showed similar trends and had a significant 

relationship.  

 
It should be noted that not all patterns at local (Oslo) and large spatial scales (Norway and 

Sweden) coincide. For instance, the Passer domesticus population underwent an increase in 

Oslo over the past 15 years, while national trends show population declines in both Norway 

and Sweden. Similarly, there are several well-publicized declines in widespread European 

birds, such as Passer domesticus (De Laet & Summers-Smith, 2007). This example highlights 

the necessity of comprehensive ecological studies, as there are geographic differences in 

population trends of certain species. 

 

Ecological traits 
Several researchers have found an association between relative brain size in birds and success 

in urban environments (Carrete & Tella, 2011; Maklakov et al., 2011; Overington et al., 2009; 

Sayol et al., 2020; Sol et al., 2005). Behavioral plasticity has also been linked to reduced 

extinction risk in birds (Ducatez et al., 2020), which has been linked to increased brain size 

(Lefebvre et al., 1997; Reader & Laland, 2002; Sol et al., 2002; 2013). Contrary to predictions 
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based on previous studies of the importance of brain size for urban living, I found that brain 

size had no effect on population change in urban Oslo over the past 15 years. Other researchers 

support these findings, where brain size did not affect urbanization success (Dale et al., 2015; 

Evans et al., 2011; Kark et al., 2007; Møller & Erritzøe, 2015). Furthermore, it has been 

objected that brain size may not be a valuable measure of behavioral flexibility and innovation 

(Healy & Rowe, 2007). To my knowledge, this is the first study based on long-term trends in 

urban areas in relation to brain size.  

 

Furthermore, some have argued that body size may contribute to population change, with an 

ongoing trend favoring species with larger body sizes, while species with smaller bodies 

decline more rapidly (Inger et al., 2015). On the contrary, others found that a larger body size 

makes species more susceptible to extinction because it typically correlates with lower annual 

fecundity (Bennett et al., 2005). Nevertheless, this study found no evidence to support the idea 

that body mass influences population trends. 

 

Migration strategy is one of the key life-history strategies of migratory birds, and these are 

expected to be very susceptible to environmental change (Newson et al., 2016). When species 

cannot cope with the new and changing environment, it might result in population declines or 

species extinction (Parmesan, 2007; Thomas et al., 2004). The declines of migratory species 

are well documented (e.g., Kramer et al., 2018; Sanderson et al., 2006), and this study found 

supporting evidence that migratory species are declining. Different hypotheses for this decline 

have been suggested, including climate change and habitat change in breeding wintering 

grounds (Vickery et al., 2014). Bowler et at. (2019) reported that long-distance migrants are 

primarily insectivores, and several studies have reported insect abundance to decline in Europe 

(Conrad et al., 2006; Hallmann et al., 2017; Thomas et al., 2004; Valtonen et al., 2017). Hence, 

this could potentially affect bird species that feed on insects across a bottom-up trophic cascade, 

where fewer insects have adverse effects on the insectivore species populations. In addition, 

the ongoing climate change will adversely affect species directly (via their thermal niches) and 

indirectly (through habitat change). Climate change results in milder winter conditions which 

may favor residents and short-distance species and might cause competition that disadvantages 

migrants (Lemoine & Böhning-Gaese, 2003). Residents and short-distance migrants would be 

at an advantage due to their access to the best breeding grounds (Sanderson et al., 2006). 

Warmer temperatures will particularly threaten urban species adapted to colder environments 

because urban areas typically have a milder climate than surrounding non-urban habitats 
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(Lepczyk et al., 2017), a phenomenon known as the "urban heat island" effect (Isaksson, 2018). 

These species might find it more challenging to inhabit urban areas because urban areas might 

favor species living in the south as they migrate north, potentially driving the future urban bird 

community to become more influenced by warm-adapted species. 

 

In the habitats of most bird species, their populations are naturally constrained by factors such 

as the availability of food resources, competition, nesting sites, disease, and predation, as well 

as the carrying capacity of breeding birds in the environment, which is usually limited by 

nesting sites and food sources (Price et al., 1988). According to the results of the analysis, nest 

site selection was insignificant when considered alone but significant when combined with 

other ecological variables, suggesting that species that nest high declined compared to species 

that nest in cavities. On the contrary, several researchers have suggested that urban birds that 

are both high nesters and cavity nesters, appear to be more successful in urban areas (Antonov 

& Atanasova, 2002; Croci et al., 2008; Dale et al., 2015; Kosinski, 2001; Lancaster & Rees, 

1979). A high nest placement will reduce disturbances of humans in cities or predation 

pressures; predation rates have been shown to increase with urbanization (Jokimäki & Huhta, 

2000; Matthews et al., 1999). However, habitat availability could act as a limiting factor for 

high nests. It has consistently been reported that ground nesters are decreasing as urbanization 

increases (Clergeau et al., 2006; Dale, 2018; Hedblom & Söderström, 2010; Jokimäki & Huhta, 

2000; McLain et al., 1999). On the contrary, ground nesters showed some tendencies of an 

increase in numbers in this study. This could be explained by the fact that some researchers, in 

contrast to others, have found that urbanization does not consistently change avian nest 

predation rates (Chamberlain et al., 2009; Kosinski, 2001). 

 

Due to the negative effects of urbanization on local primary productivity (Imhoff et al., 2004), 
and the preference for generalist species in areas of low primary productivity (Evans et al., 

2005), it is consistently reported that generalist species appear to be the most successful urban 

adapters (Chace & Walsh, 2006; Evans et al., 2011; Kark et al., 2007; Møller, 2009). Typically, 

generalist species have wide niche breadths, lay multiple clutches, and have broad diets, 

making them possibly more successful in urban environments (Callaghan et al., 2019). 

Additionally, changes in the climate have been reported to favor generalist species (Davey et 

al., 2012); having a broad food niche could be advantageous in a changing environment. The 

analysis of this study agrees with this observed pattern, with an increase in occupancy of diet 

generalists over time in Oslo. Species with a broader food spectrum have become more 
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common in Oslo's green spaces over the past 15 years. This finding may suggest that selection 

pressures on the landscape have shifted in favor of species that are capable of taking advantage 

of the heterogeneous resources offered by a highly urbanized city, filtering out non-generalist 

or poorly adapted species at the local scale (Aronson et al., 2016). Additionally, Bowler et al. 

(2019) and Møller (2019) reported declines that primarily affected insectivores (specialists) 

among European bird species. As the number of generalists increased in occupancy, I expected 

species richness to decrease as well, but this was not observed.    

 

In the multivariate approach, farmland and mixed forest species exhibited significant declines 

over the past 15 years compared to cavity-nesting species in Oslo; however, the declines were 

not significant when considered alone. Numerous other researchers have also confirmed a 

negative population trend for farmland species in several European countries in recent years 

(e.g., Chamberlain et al., 2000; Wretenberg et al., 2006). Additionally, species in mixed forests 

showed a significant decrease in the multivariable approach but not when considered alone. 

Due to the complexity of these relationships in a multivariate approach like this, it is difficult 

to decide which results are spurious. However, the intensification of agricultural practices is 

believed to have had a considerable negative effect on the bird populations in Europe (Donald 

et al., 2001). Population trends from Sweden over the last 30 years also confirm that the largest 

relative decline has been seen amongst birds of the agricultural landscapes and woodland 

species, whereas farmland birds have generally fared worst (Ottvall et al., 2009). A general 

increase in intensive forestry and agriculture and the closure of farms could be the cause. 

Farmlands and forests provide habitats for many bird species in this country. Therefore, 

sustainable use of the biodiversity and biological resources of our avian fauna can be achieved 

by expanding conservation priorities beyond the boundaries of designated protected areas. 

 

Urban trends versus national trends 
Several researchers suggest that the composition of urban bird communities is unique due to 

the selection of species with specific ecological traits (i.e., residents, generalists, high and 

cavity nesters; Chace & Walsh, 2006; Jokimäki et al., 2016; Lancaster & Rees, 1979; Møller 

et al., 2014). However, the present study found that population changes in urban areas of Oslo 

over the 15 years reflect large-scale temporal shifts in distribution and abundance, similar to 

the findings of Murgui (2014) and Ward et al. (2018). Thus, population dynamics in urban 

areas are influenced by factors occurring at different spatial scales, and bird communities are 
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subject to the same threats and pressures as others. This suggests that the traits favored by 

species in urban areas are not unique to urban areas but generally apply to a wider geographical 

scale. In addition, the general traits that are preferred in urban areas overlap with those reported 

in studies of national trends (e.g., Davey et al., 2012; Vickery et al., 2014). Nevertheless, few 

species live their own lives secluded in urban areas; several species have urban populations 

associated with non-urban populations, and many of the species are migratory birds that may 

overwinter in non-urban areas. 

 

Ecological significance  
In this study, we contribute to an area in which little attention has been given - the temporal 

dynamics of urban bird populations and communities. Additionally, many national monitoring 

programs have overlooked urban areas in long-term surveys. It is difficult to find long-term 

ecological records for most cities, perhaps due to their perception as inadequate for wildlife 

(Fidino & Magle 2017). This is unfortunate because it appears that most species are persisting 

in the city. Studies of urban birds have focused on patterns and processes at different spatial 

scales, and the majority of studies have been conducted over relatively short time periods. Such 

studies tend to fit within standard funding cycles or within the duration of a typical graduate 

program. Long-term studies are needed to better understand and predict how slow or subtle 

temporal processes, rare events, and complex phenomena affect urban bird populations and 

communities (Fidino & Magle, 2017; Foster et al., 2002; Turner et al., 2004; Wolkovich et al., 

2014). In addition to considering the intrinsic value of species and their persistence, this also 

underlines the importance of species populations to the functioning of ecological systems and 

the provision of ecosystem services. 
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Conclusion 
The present study has provided insight into the changes in the urban bird community 

composition in Oslo over the past 15 years. Although few studies have examined the long-term 

trends and dynamics of urban bird populations, such research is essential for understanding the 

decadal trends and dynamics of urban bird populations. According to this study, no significant 

changes have occurred in the urban bird community in Oslo. Overall breeding bird population 

trends in Oslo coincide with those reported at the national level. Furthermore, the ecological 

variables that I identified as contributing to population changes in Oslo are similar to the factors 

that have affected populations more broadly. For example, migratory species have declined 

relative to resident species. Populations of diet specialists and farmland species have declined. 

Thus, species on different spatial scales likely face similar pressures despite geographical 

differences. Contrary to the expectations of previous studies based on brain sizes' importance 

to urban success, I found no correlation between relative brain size and species population 

trends in Oslo over the past 15 years. Moreover, the study found no evidence that urban bird 

species exhibited divergent trends from the species at broader scales. Thus, the results of this 

study do not support the notion that urban birds exhibit drastically different population 

trajectories than non-urban birds.  
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Appendix 

Appendix 1  
Diff. Individual is the percentage change in the number of individuals in Oslo in the last 15 years, and Diff. Occupancy are 
the percentage change in the number of sites (n=93) a species was observed in Oslo between 2005-07 and 2021.  
For diet: G= Generalist, S= Specialist. Body and brain weight is measured in grams. 
 

   Species               Habitat Nest Migration 

strategy 

Distance Diet Body 

wt.(g) 

Brain 

wt.(g) 

Red- 

list 

Change 

Occup. 

Change 

Indiv. 

Apus apus Farmland Cavity Migratory  Long S 38 0,7 NT 12,90 -55,04 

Carduelis cannabina Farmland Low Migratory Short G 18 0,67 LC -3,23 -70,00 

Carduelis carduelis Farmland High Resident 
 

G 16 0,59 LC 5,38 64,29 

Carduelis spinus Coniferous High Migratory Short G 13 0,56 LC -18,28 -92,98 

Certhia familiaris Mixed Cavity Resident 
 

S 10 0,55 LC 1,08 0,00 

Chloris chloris Farmland High Resident 
 

G 30 0,89 VU -1,08 8,43 

Coccothraustes coccothraustes Mixed High Resident 
 

G 55 1,63 LC  23,66 259,09 

Columba livia Urban Cavity Resident 
 

G 270 2,49 NA 10,75 -18,53 

Columba palumbus Farmland High Migratory Short G 495 2,38 LC 1,08 22,13 

Corvus corone Farmland High Resident 
 

G 543 8,14 LC -5,38 33,13 

Corvus monedula Farmland Cavity Resident 
 

G 223 4,69 LC 6,45 108,00 

Cyanistes caeruleus Mixed Cavity Resident 
 

G 11 0,65 LC -4,30 33,87 

Delichon urbica Farmland Cavity Migratory Long S 16 0,5 NT -5,38 -82,73 

Dendrocopos major Mixed Cavity Resident 
 

S 87 2,51 LC -4,30 -6,90 

Erithacus rubecula Mixed Ground Migratory Short G 18 0,66 LC 11,83 19,25 

Ficedula hypoleuca Mixed Cavity Migratory Long S 13 0,45 LC -16,13 -59,57 

Fringilla coelebs Mixed High Migratory Short G 23 0,77 LC 2,15 -7,75 

Hippolais icterina Mixed Low Migratory Long S 13 0,54 LC 6,45 113,04 

Hirundo rustica Farmland Cavity Migratory Long S 20 0,58 LC -4,30 -62,50 

Motacilla alba Farmland Cavity Migratory Long S 22 0,58 LC -11,83 -33,33 

Muscicapa striata Mixed Low Migratory Long S 16 0,53 LC -8,60 -13,89 

Parus major Mixed Cavity Resident 
 

G 18 0,85 LC -1,08 25,44 

Passer domesticus Urban Cavity Resident 
 

G 30 0,92 NT 8,60 47,26 

Passer montanus Farmland Cavity Resident 
 

G 24 0,79 LC 4,30 21,23 

Periparus ater Coniferous Cavity Resident 
 

G 9 0,51 LC -1,08 9,09 

Phylloscopus collybita Mixed Low Migratory Long S 8 0,38 LC 32,26 1275,0 

Phylloscopus sibilatrix Mixed Ground Migratory Long S 10 0,37 LC 9,68 188,89 

Phylloscopus trochilus Mixed Ground Migratory Long S 9 0,31 LC -3,23 46,39 

Pica pica Farmland High Resident 
 

S 223 5,34 LC -9,68 -23,13 

Picus viridis Mixed Cavity Resident 
 

S 199 4,35 LC 2,15 66,67 

Prunella modularis Mixed Low Migratory Short S 20 0,71 LC 2,15 37,50 

Pyrrhula pyrrhula Coniferous High Resident 
 

G 32 0,97 LC 4,30 400,0 

Regulus regulus Coniferous High Resident 
 

S 6 0,38 LC -1,08 -10,0 

Sitta europaea Mixed Cavity Resident 
 

G 23 1,11 LC 1,08 11,90 

Streptopelia decaocto Urban High Resident 
 

G 188 1,52 NT -4,30 -34,62 

Sturnus vulgaris Farmland Cavity Migratory Short G 80 1,7 NT -8,60 -58,52 

Sylvia atricapilla Mixed Low Migratory Short S 20 0,67 LC -13,98 -32,03 
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Sylvia borin Mixed Low Migratory Long S 21 0,62 LC -13,98 -40,24 

Sylvia communis Farmland Low Migratory Long S 14 0,56 LC -6,45 -45,45 

Sylvia curruca Coniferous Low Migratory Long S 11 0,53 LC -9,68 -31,82 

Troglodytes troglodytes Mixed Ground Migratory Short S 9 0,5 LC 4,30 108,70 

Turdus iliacus Mixed Low Migratory Short G 68 1,22 LC -6,45 -28,17 

Turdus merula Mixed Low Migratory Short G 102 1,92 LC 6,45 12,59 

Turdus philomelos Coniferous Low Migratory Short G 75 1,59 LC 8,60 600,0 

Turdus pilaris Farmland High Migratory Short G 102 1,76 LC 1,08 7,65 
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