
108  

© The Author(s). Published by Wildfowl Press Wildfowl (2025) 75: 108–120

Urban Greylag Geese Anser anser nesting on 
roofs in the city of  Hamburg, northern Germany 

SIMON HINRICHS1, JEAN-LOUIS BERTHOUD2 &  
FRIEDERIKE WOOG3,* 

1Neuntöter - Verein für Forschung und Vielfalt e. V., Emil-Janßen-Straße 5, 22307 
Hamburg, Germany. 

2Rue Pierre Beau 2, Areuse, Switzerland. 
3State Museum of  Natural History, Rosenstein 1, 70191 Stuttgart, Germany. 

*Correspondence author. E-mail: friederike.woog@smns-bw.de 

Abstract 

Greylag Geese Anser anser usually nest on the ground, close to water. In Hamburg, 
northern Germany, a pair of  urban Greylag Geese was first seen nesting on a roof  
terrace of  a building, 25 m above ground level, in 2013. Since then, the number of  
breeding pairs showing this unusual behaviour has steadily increased to 21 pairs 
nesting on roofs in the city in 2024. Hatchlings appeared unable to leave leave these 
new nesting locations on their own and required human intervention to reach ground 
level. This type of  nesting behaviour now seems to have become established in 
Hamburg’s Greylag Geese. As far as we know, there have been no previous reports 
of  this behaviour in other towns or cities, and it therefore represents a new aspect in 
the species’ urban ecology.  
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Several goose species nest in exceptionally 
high places, such as on cliffs, steep slopes 
and in trees, from which the newly-hatched 
goslings make a spectacular jump of  20 m or 
more to the ground (e.g. Mitchell et al. 1998). 
In the wild, nesting in high places has been 
reported for species such as the Barnacle 
Goose Branta leucopsis (Owen 1980; Prestrud 
et al. 1989; Mitchell et al. 1998), Pink-footed 
Goose Anser brachyrhynchos (Glutz von 
Blotzheim 1990) and Canada Goose Branta 

canadensis (Nelson 1953; Lebada & Ratti 
1983; McKey et al. 1988; Armstrong et al. 

2017). Greylag Geese have however only 
occasionally been seen nesting in high  
trees, with such cases noted in the Czech 
Republic (Horák 1999; Horal & Heralt  
2012; Horák 1999), England (Coath 2006) 
and the Netherlands (Kleefstra & Bles 
2000). Usually, both Anser and Branta goose 
species choose nest sites close to the water 
at ground level, ideally out of  reach of  
terrestrial predators, which in the wild is 
achieved mainly by breeding on islands or  
in reed beds (Hart & Downs 2020; Groom 
et al. 2020). Although some Greylag Geese 
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have also been seen nesting on slightly 
elevated structures such as pollarded willows  
(Osiejuk & Kuczyński 2007), as well as on 
small sheds, garages, in planters or an unused  
Grey Heron Ardea cinerea nest (S. Hinrichs & 
F. Woog, pers. obs.) and the thatched roof  
of  a boathouse (Hölzinger et al. 2004).  

Nesting on buildings has been reported 
for urban Canada Geese in North America 
(Armstrong et al. 2017; Shearer et al. 2022; 
Askren 2021), but Greylag Geese nesting on 
high buildings in an urban setting appears 
not to have been previously documented. 
The study presented here therefore aims to 
describe the development of  this behaviour 
in the city of  Hamburg, northern Germany, 
over a 12-year period (2013–2024), with 
information provided on the location of  the 
nest (including height above ground), along 
with an assessment of  how the breeding 
success of  roof-nesting pairs may have 
changed within that period. Finally, we 
discuss the ecological advantages and 
disadvantages that geese may have from 
nesting in high places are discussed. 

Methods 

Study population 

The establishment of  Greylag Geese in the 
urban area of  Hamburg, northern Germany, 
dates back to reintroductions from waterfowl  
collections which started in 1954 (Nieß 1967) 
and continued until the 1980s (Hoff  2005; 
Kreutzkamp 1996). Breeding habitats were 
found mainly on lakes with islands, rainwater 
retention basins, the Alster Canal, and later 
also on parts of  the Outer Alster. Between 
1990 and 2002, the number of  successful 
breeding pairs in the entire city of  Hamburg 

was reported as having increased from 23 in 
1990 to 83 in 2001 (Kreutzkamp 2003). More 
recently, since 2006, collection of  data on the 
geese has concentrated on those within a 
smaller “core” study area of  c. 120 km2, in a 
part of  Hamburg, located north of  the Elbe 
and south of  the airport (Supporting Materials  
Fig. S1). Within this area, the geese use 
numerous parks and water bodies that serve 
as nesting, roosting, feeding and moulting sites. 

Data collection 

Each year since 2006, geese in Hamburg 
have been caught when flightless during 
moult and fitted with a metal ring (issued  
by the Vogelwarte Helgoland) on one leg, 
with a blue plastic ring engraved with an 
alphanumeric code fitted to the other, to 
allow the identification of  individual birds. 
In 2024, around half  of  the Greylag Goose 
population in Hamburg and > 70% of  
breeding pairs in the core area were 
individually marked. Ring numbers of  key 
individuals are reported here as “metal  
ring, blue colour ring” (e.g. “272779, X12”). 
Goose counts and ring readings were carried 
out in the core area each week from 2006 
onwards. During the breeding season, 
between March and June, visits were 
increased to 2–3 per week in order to detect 
breeding birds, their nests and freshly 
hatched goslings. In addition, searches for 
nests were made along the inner-city Alster 
River and the adjacent canals by canoe.  

Whenever Greylag Geese were spotted on 
roofs, the rooftops were searched for nests. 
Most nest discoveries were made by people 
on whose rooftops or terraces the geese were 
nesting. These reports, sent to the NGO 
Neuntöter e.V. (Association for Research 
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and Diversity, Hamburg) were extremely 
important because nests on roofs were not 
always visible from below. The interest for 
roof  nests was also communicated to the city 
council and to the local community via the 
press. In subsequent years, known nesting 
sites were checked, as many goose pairs 
returned to their established nesting location. 
It is possible that some nests on rooftops 
were overlooked, especially if  they were 
unsuccessful. It can be assumed that goslings 
hatched on roofs will not survive without 
human intervention for two reasons: Firstly, 
if  they cannot jump due to physical barriers 
around the roof  terraces, they become prey 
to Carrion Crows Corvus corone corone, or they 
starve or die of  thirst. Secondly, if  they jump 
themselves, either they do not survive the 
jump due to the physical impact or they 
become victims of  crows in the process of  
jumping or shortly after landing. Therefore, 
when the goslings hatched, they were 
rescued by the NGO Neuntöter. In the 
process, one parent, usually the female, was 
caught by hand to keep with the goslings 
during translocation. In most cases, male 
partners were known from resightings, and 
the female and gosling(s) were released in 
proximity to the male so that the family 
could be reunited. This proved to be 
important, because single parental females 
were often attacked by other geese (S. 
Hinrichs, pers. obs.).  

Data analysis 

All data analyses were conducted in R 4.5.0 
(R Core Team 2025) using RStudio 
2025.9.0.387 (Posit Team 2025). For data 
manipulation and reshaping the packages 
reshape2 (Wickham 2007), plyr (Wickham 

2011), dplyr (Wickham et al. 2023) and tidyr 
(Wickham et al. 2024) were used. Figures 
were created and arranged with the packages 
ggplot2 (Wickham 2016), grid (R Core 
Team 2025) and gridExtra (Auguie 2017).  

Two measures of  breeding success 
recorded over the 12 years of  the study were 
assessed. First, success was defined at the 
brood level for all broods, including those 
with no goslings. Each brood in which at 
least one gosling survived to post-fledging 
was classified as successful, otherwise it  
was classified as failed. This binary variable 
(1 = ≥ 1 fledgling, 0 = none) was taken as 
the response variable in a mixed effects 
logistic regression, formulated as a binomial 
generalized linear mixed model (GLMM) 
with a logit link, which was fitted using the 
package lme4 (Bates et al. 2015). To account 
for repeated broods from the same female, 
female identity (which was known for each 
brood) was added as a random intercept. 
The calendar year was mean-centred and 
used as the predictor variable to test for a 
temporal trend in the probability of  brood 
success for each individual brood. Model 
outputs were tidied with the package broom 
(Robinson et al. 2025). As the dataset was 
small, multiple model diagnostics and 
robustness checks were conducted to assess 
adequacy and stability. Simulation based 
residual diagnostics were performed using 
the package DHARMa (Hartig 2024) to 
check for dispersion, zero inflation and 
overall fit. Inference was based on the 
binomial likelihood and not on transformed 
proportions. Numerical stability was verified 
by checking the convergence after refitting 
the model with a panel of  optimisers and 
verifying that fixed effect estimates and s.e. 
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value. Fledging success was analysed with a 
second binomial GLMM with a logit link, 
mean-centred year as the fixed effect and 
female identity as a random intercept. In  
this case, only the broods with at least one 
gosling were considered. The response 
variable was taken as the number of  rescued 
goslings presumed to have survived to  
post-fledging compared to the number that 
did not survive to post-fledging. In one 
brood, the number of  fledglings, which 
exceeded the number of  goslings, were 
truncated to the number of  goslings. The 
same parameters and post-hoc tests as for  
the previous GLMM were performed to 
assess model adequacy and robustness. For 
descriptive visualisation, yearly fledging 
success was also plotted as the proportion 
of  rescued goslings presumed to have 
survived to post-fledging with Wilson 95% 
binomial confidence intervals (CIs) calculated  
using the package binom (Dorai Raj 2022). 

Summaries for each nest height of  the 
number of  broods and the proportion of  
successful broods (with Wilson 95% CIs) 
were also visualised and are presented for 
descriptive analysis. 

Results 

Growth in numbers and roof  nesting 
activity 

In the core Hamburg study area, the total 
number of  successful breeding pairs with at 
least one (known) gosling increased from 75 
in 2006 to 188 in 2017, and to 282 in 2024  
(S. Hinrichs, unpubl. data). Within this area, 
the first Greylag Geese seen sitting on roofs, 
scanning their surroundings, were reported 
in 2008 and 2009. Some individuals spent a 

considerable amount of  time in this new 
habitat. The first roof  brood was discovered 
in 2013, in a small planter/flower box (c. 20 
litres) on the seventh floor of  a building, at 
a height of  25 m above Mühlenkamp street 
(in Hamburg-Winterhude), on the banks of  
the Osterbek Canal. The male was ringed 
when the nest was checked (272779, X12). 
On 6 April, the nest was still occupied, but 
on 16 April, the pair was seen elsewhere 
without offspring. The female partner was 
later ringed during moult in May (275519, 
1T9). In 2014, although there was no 
evidence of  breeding on a roof, the breeding 
pair from 2013 returned to their previous 
site but did not nest; the cause for this 
remains unclear. In 2015, the same pair bred 
in a flower box on a different roof  terrace, 
at a height of  19 m, above the fifth floor of  
a building on Zimmerstraße (Hamburg-
Uhlenhorst). The female abandoned the 
nest when hatching of  the goslings was 
imminent and the brood failed.  

In 2017, three broods were reported on 
roof  terraces in Hamburg. Goose 277813 
nested on a roof  terrace at a height of   
25 m, above the sixth floor (Lämmersieth, 
Hamburg-Barmbek) in a planter. On 10 
April 2017, the newly hatched goslings and 
the parental female were translocated from 
the roof  terrace to the Osterbek Canal, 
which is just 20 m from the building. The 
gander joined the family shortly after 
translocation. Another goose (277814) was 
breeding on a roof  terrace in a larger planter 
above the fifth floor, at a height of  19 m 
(Forsmannstraße, Hamburg-Winterhude). 
On 11 April 2017, the newly hatched goslings 
and their parental female were translocated 
from the roof  terrace to the nearby Goldbek 
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Canal. Again the parental male joined the 
family shortly thereafter. A third goose 
(277816, 22V) was breeding in a large planter  
on the fourth floor, at a height of  16 m 
(Emil-Janßen-Straße, Hamburg-Barmbek). 
On 22 April 2017, the newly hatched 
goslings and their parental female were 
translocated from the roof  terrace to the 
Barmbek Canal where the gander was 
waiting for them. The latter pair was 
observed without goslings on 3 May 2017. 
From 2018 to 2024, new roof  broods were 

recorded every year. Goslings and at least 
one accompanying parent from roof  broods 
were continuously translocated and ringed 
by the first author. Ringed geese were 
usually re-sighted within the same season,  
so the fledging success of  associating  
goslings could be determined. 

Success of  roof  broods  

Between 2013 and 2024, more than half   
of  the roof  broods failed (n = 53; Fig. 1). 
Failures were defined as broods with no 

Figure 1. Brood success, defined as at least one gosling surviving to post-fledging per brood of  Greylag 
Geese for all nesting attempts on roofs in Hamburg, 2013–2024. The line shows the modelled 
probability of  brood success from the binomial GLMM, with the shaded area indicating 95% CIs. 
Stacked bars show the number of  successful broods (dark grey) and failed broods (light grey), with 
numbers indicating the brood counts.  
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hatchlings rescued (n = 7), for example if  
the nest was abandoned at the egg stage (at 
least n = 3) or when one of  the parents died 
(at least n = 2). Most failed broods were 
from broods in which none of  the rescued 
goslings survived to post-fledging (n = 46).  

The mean yearly breeding success, 
calculated by the GLMM, was 25.5% (logit 
intercept ± s.e. = −1.07 ± 0.39, z = −2.75, 
P = 0.006). The GLMM also indicated a 
positive but non-significant temporal trend 
in the probability of  brood success (β = 0.21,  
s.e. = 0.13, OR = 1.23, 95% CI = 0.97–1.58, 
z = 1.68, P = 0.09), corresponding to an 
estimated 23% per year increase in the odds 
of  brood success (Fig. 1). The likelihood ratio  
test, comparing the model with a null model, 
also indicated that the effect of  the year was 
not significant (χ2

1 = 3.37, P = 0.066).  
Fledging success, calculated with the 

second GLMM as the per-gosling probability  
of  survival to post-fledging, was low overall, 
averaging at 5.7% per year over the study 
period (logit intercept ± s.e. = −2.80 ± 0.67, 
z = −4.17, P < 0.001, Fig. 2A). Survival 
probability increased significantly over  
time, with the odds of  fledging success 
increasing by an estimated 36% per year  
(β = 0.31, s.e. = 0.13, OR = 1.36, 95%  
CI = 1.06–1.75, z = 2.41, P = 0.016,  
Fig. 2B). The likelihood ratio test confirmed 
that including year significantly improved 
the model fit (χ2

1  = 6.8, P = 0.009), and model  
checks showed neither over-dispersion  
(P = 0.85) nor zero inflation (P = 0.75), and 
the year effect was adequately described by a 
linear trend. Between-female variation was 
high (σ = 2.30), indicating substantial 
heterogeneity in fledging success of  the 
goslings among breeding pairs. 

Nest height 

The roof  terraces on which Greylag Geese 
bred in Hamburg were located between the 
3rd floor and above the 7th floor of  
buildings, between 13–25 m off  the ground 
(Figs. 3 & 4). In almost all cases the geese 
nested in planters of  different shapes 
ranging from 20–60 litres or more, between 
various plants (usually large perennials or 
small shrubs) in the planters (Fig. 5 and 
Supporting Materials Fig. S2). Some also 
nested on flat roofs not used by people. 

Discussion 

Observations on roof  nesting 

Naturalised Greylag Geese in the city of  
Hamburg, northern Germany, were first 
recorded to nest on a roof  terrace of  a high 
building at a height of  25 m in 2013 and 
since then, this unusual nesting behaviour 
has become widely established. The yearly 
number of  breeding pairs nesting on roofs 
has risen steadily to 21 in 2024. Roof-nesting 
by Greylag Geese appears not to have been 
previously documented. It has been 
reported for Canada Geese in urban areas in 
the USA such as in Indiana (Shearer et al. 
2022), Chicago (Askren 2021) and in 
Calgary in Canada (T. Armstrong, pers. obs. 
in Armstrong et al. 2017). Roof  nesting in 
other bird groups was first reviewed by Fisk 
(1978), who reported a worldwide increase of  
roof  nesting in 22 bird species, mostly 
altricial species that feed their chicks until 
they fledge such as gulls and terns (see also 
Mainwaring 2015). Roof  nesting in precocial 
bird species appears to be much rarer maybe 
because in many cases, it is not easy for the 
young to leave the roof  unharmed.  
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Reasons for nesting on roofs 
Mainwaring (2015) reviewed the costs and 
benefits for birds using man-made structures  
as a nesting site. He found that the benefits 
for birds breeding on roofs outweighed the 

costs. The reasons for roof  nesting have 
been attributed to adaptations forced by 
human pressure on original breeding sites 
with a reduction in predation risk by ground 
predators and human disturbance. It may 

Figure 2. (A) Mean number of  goslings (grey) during rescue that survived to post-fledging (black) per 
brood (± s.e.) for all successful roof-nesting broods of  Greylag Geese in Hamburg, 2013–2024. 
Numbers above the points indicate the yearly number of  broods. (B) Fledging success, defined as the 
proportion of  goslings per brood surviving to post-fledging. Points show yearly means with Wilson 
95% binomial CIs. The line shows the modelled per-gosling probability of  survival to post-fledging 
from a binomial GLMM, with the shaded area indicating 95% CIs.  
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also have arisen because suitable nest sites 
on the ground were not available for all 
breeding pairs, forcing some birds to use  
the best available alternative. Whether this  
is a successful strategy for increasing 
reproductive success needs to be investigated  
further. 

Whilst roofs offer protection from 
ground predators and frequent human 
disturbance, aerial predators such as Carrion 
Crows are still a threat to eggs and freshly 
hatched goslings in the study area. This has 

also been reported for roof-nesting Eurasian  
Oystercatchers Haematopus ostralegus elsewhere  
(Duncan et al. 2001). Because most hatched 
Greylag Goose goslings are, without human 
intervention, unable to leave the nest sites 
unharmed, nesting on roofs could be 
regarded as an ecological trap leading to 
reproductive failure (reviewed for other roof  
breeding bird species by Mainwaring 2015). 

Nesting on high buildings seems not to 
have been previously observed for Greylag 
Geese, but in some populations, they have 

Figure 3. Number of  roof-broods of  Greylag Geese in Hamburg, 2013–2024, in relation to nest height 
above ground (m). Bars indicate brood counts per height, with each colour depicting a specific year. 
Points with error bars show the proportion of  successful broods, defined as at least one gosling 
surviving to post-fledging per brood per height, with Wilson 95% binomial CIs. 
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been reported to nest in high trees. For 
example, in southern Moravia, Czech 
Republic, Greylag Geese used to nest in 
trees, this might have been explained by 
unregulated rivers causing nests to be 
flooded up to about 1975, making nesting 
on the ground unsuccessful. When the water 
level of  those rivers became regulated, there 
was no more reason to nest in trees, as there 
was no unpredictable flooding. Some birds 
kept nesting in trees, but this behaviour 
ceased in the late 1990s (Horák 1999). This 
indicates that Greylag Geese are very 
adaptable to environmental change. 

Success of  roof  broods  

Mitchell et al. (1998) compared the 
reproductive success of  cliff-nesting and 

island-nesting Barnacle Geese in Svalbard, 
where they found that cliff-nesting pairs had 
13% lower reproductive success (i.e. the 
number of  goslings per female), and that 
goslings showed 8.6–16.9% lower survival 
rates in one of  the two study years. In 
Hamburg, both the number of  Greylag 
Geese nesting on roofs and the per-gosling 
probability of  survival to post-fledging 
increased significantly over the years. The 
difference between females in the fledging 
success of  their goslings was also notable.  
In contrast, increases in brood success 
(measured as the likelihood of  at least one 
gosling surviving to post-fledging) was 
slight but not significant. Comparisons of  
the breeding performance of  Yellow-legged 
Gulls Larus michahellis nesting at traditional 

Figure 4. The first Greylag Goose nest found on a roof  in Hamburg (on 1 April 2013), by Simon Hinrichs. 
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sites and on newly colonised roofs in the city 
of  Venice, Italy, showed their reproductive 
success was similar (Soldatini et al. 2008). In 
Oystercatchers, the reproductive success of  
roof  nesting pairs was similar to that on 
islands, but much better when compared to 
agricultural sites (Duncan et al. 2011). In a 
future study of  Greylag Geese in Hamburg, 
a comparison of  reproductive success could 
be made between birds nesting on the 
ground and on roofs. More long-term data 
on the outcome for roof  broods (Dinsmore 

et al. 2002; Shaffer et al. 2004) will also be 
necessary for a deeper look at the trends of  
reproductive success in urban Greylag Geese. 

Nest height  

When nesting in trees, geese often use old 
nests of  other bird species or use tree 
stumps. The nests in trees used by Greylag 
Geese in the Czech Republic were located 
rather high up, at between 12–26 m above 
ground level, which is very similar to the 
roof  nests in Hamburg. Survival rates have 
not yet been reported for the broods which 
hatched in trees. Canada Geese in urban 
Indiana, USA, nested at heights up to 12.2 m 

above ground (Shearer et al. 2022). As both 
Greylag Geese and Canada Geese are 
capable of  nesting at these heights, this 
behaviour therefore may be within the 
behavioural reaction norm of  the species  
(as defined by Dingemanse et al. 2010). It 
should however be noted that roof  nesting 
appears not yet to have been observed in 
other urban Greylag Geese, despite them 
also facing high competition for suitable 
nest sites (Mai et al. 2022; Woog 2025).  

Behavioural coordination  

When goslings jump from high places to the 
ground, coordination between parents and 
goslings is important to minimise predation 
risk, because the goslings are vulnerable 
during the move, with Mitchell et al.  

(1998) reporting individual variation in the 
coordination ability of  parents and goslings 
at this time. This difference in behaviour 
between parents probably also influences 
the probability of  survival of  goslings to 
post-fledging in roof-nesting Greylag Geese 
in Hamburg, as shown by the marked 
heterogeneity in fledging success between 
broods. Coordination was often lacking with 
one or both parents leaving prematurely, 
making the freshly hatched goslings easy 
prey for crows. In a few cases, the goslings 
were observed to jump from roofs on their 
own account; some survived the physical 
impact, but coordination with the parents 
was lacking. On some occasions, the parental  
geese flew down but not fast enough to 
protect the goslings against predators; in 
other cases they flew down prematurely, 
leaving the goslings alone at the top without 
protection. In both situations the goslings 
were preyed upon by crows.  

Figure 5. Greylag Goose nesting in a flower 
planter, on a balcony in Hamburg, by Simon 
Hinrichs. 
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Conclusion 

Nesting on the roofs of  Hamburg so far 
seems to be an ecological trap for Greylag 
Geese, rather than a successful strategy in 
evolutionary terms. Rather than not nesting 
at all, the geese may choose this option as 
the best one available. Inclusion of  more 
years of  data, along with further analysis of  
the data, may elucidate possible differences 
between ground nesting and roof  nesting 
geese that could explain the observed 
behaviours more clearly. For instance, there 
is anecdotal evidence that most females 
breeding on roofs to date hatched on  
the ground themselves, which may be 
attributable to roof  nesting being a new 
strategy, but the choice of  nest sites appears 
to be flexible with females that previously 
nested on a roof  subsequently nesting on 
the ground again, and vice versa (S. Hinrichs, 
pers. obs.). In a case of  two females  
having hatched from the same clutch, one 
subsequently nested on the ground, while 
the other nested on a roof. More data are 
needed on such cases and other aspects of  
roof  nesting behaviour, to provide a better 
understanding of  the reasons driving this 
activity, and whether it will be increasingly 
adopted by Greylag Geese and other species 
in the future.  
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Osiejuk, T.S. & Kuczyński, L. 2007. Factors 

affecting flushing distance in incubating 
female greylag geese Anser anser. Wildlife 

Biology 13: 11–18. 
Owen, M. 1980. Wild Geese of  the World. Batsford, 

London, UK. 
Posit Team. 2025. RStudio: Integrated Development 

Environment for R Posit Software, Boston, 
USA. Available at https://posit.co/products/ 
open-source/rstudio/ (last accessed 26 
September 2025).  

Robinson, D., Hayes A. & Couch S. 2025. broom: 

Convert Statistical Objects into Tidy Tibbles R 
package version 1.0.8. R Foundation for 
Statistical Computing, Vienna, Austria. 
Available at https://cran.r-project.org/web/ 
packages/broom/ (last accessed 26 September  
2025). 

Shaffer, T.L. 2004. A unified approach to analyzing  
nest success. The Auk 121: 526–540. 

Shearer, D.J., Carter, T.C. & O’Neal, B.J. 2022. 
Canada geese (Branta canadensis) nesting on 
elevated structures in urban Indiana, USA. 
Ecology and Evolution 12: e8735. 

Soldatini, C., Albores Barajas, Y.V., Mainardi, D. 
& Monaghan, P. 2008. Roof  nesting by gulls 
for better or worse? Italian Journal of  Zoology 
75: 295–303. 

Wickham, H. 2007. Reshaping data with the 
reshape package. Journal of  Statistical Software 21:  
1–20. Available at http://www.jstatsoft.org/ 
v21/i12/ (last accessed 26 September 2025).  

Wickham, H. 2011. The split-apply-combine 
strategy for data analysis. Journal of  Statistical 

Software 40: 1–29. Available at https://www. 
jstatsoft.org/v40/i01/ (last accessed 26 
September 2025).  

Wickham, H. 2016. ggplot2: Elegant Graphics for Data  

Analysis Springer-Verlag, New York, USA.  
Available at https://ggplot2.tidyverse.org 
(last accessed 26 September 2025).  

Wickham, H., François R., Henry L., Müller K.  
& Vaughan D. 2023. dplyr: A Grammar of   

Data Manipulation R package version 1.1.4.  
R Foundation for Statistical Computing, 
Vienna, Austria. Available at https://CRAN. 
R-project.org/package=dplyr (last accessed 
26 September 2025). 

Wickham, H., Vaughan D. & Girlich M. 2024. 
tidyr: Tidy Messy Data R package version 1.3.1. 
R Foundation for Statistical Computing, 
Vienna, Austria. Available at https://cran. 
r-project.org/web/packages/tidyr/ (last 
accessed 26 September 2025). 

Woog, F. 2025. Behavioural ecology of  urban 
Greylag Geese Anser anser – natural selection 
in the contemporary European city 
environment. Wildfowl 75: 3–31.  

https://posit.co/ products/open-source/rstudio/
https://posit.co/ products/open-source/rstudio/
https://posit.co/ products/open-source/rstudio/
https://cran.r-project.org/web/packages/broom/
https://cran.r-project.org/web/packages/broom/
https://cran.r-project.org/web/packages/broom/
http://www.jstatsoft.org/v21/i12/
http://www.jstatsoft.org/v21/i12/
http://www.jstatsoft.org/v21/i12/
https://www.jstatsoft.org/v40/i01/
https://www.jstatsoft.org/v40/i01/
https://www.jstatsoft.org/v40/i01/
https://ggplot2.tidyverse.org
https://cran.r-project.org/package=dplyr
https://cran.r-project.org/package=dplyr
https://cran.r-project.org/package=dplyr
https://cran.r-project.org/web/packages/tidyr/
https://cran.r-project.org/web/packages/tidyr/
https://cran.r-project.org/web/packages/tidyr/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


