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Urbanisation of birds of prey is a well-known phenomenon worldwide. Common 
questions investigated include how does urbanisation originate and proceed and whether 
it is a successful or detrimental process? Here, I describe the first steps of urbanisation of 
the Eurasian Goshawk (Astur gentilis) in Finland, and examine how abundance and 
offspring production might associate to urban and non-urban goshawk populations. I 
predict, that if urban habitats were more favourable for goshawks than non-urban 
habitats, population trends should be more positive and offspring production should be 
higher in urban habitats than elsewhere, possibly suggesting that urbanisation was a 
successful process. Conversely, declining offspring production with increasing 
population density may suggest some detrimental process. During the study period, the 
urban goshawk population showed a significant increasing trend, while the number of 
territories recorded elsewhere in Finland decreased significantly. The average annual 
mean brood size was not higher in the urban population than in Finland in general. These 
results support to some extent the idea that the urbanisation was a successful process. 
However, for a longer term, the possibility that extremely high population densities in 
the urban environment increase intraspecific competition and lead to some detrimental 
consequences can not be ruled out.

1. Introduction

Urban environments can become colonised due 
to biological urbanisation when individuals 
invade, become established and expand their 
populations in urban areas (Møller 2014). They 
can also be colonised passively due to 
geographical urbanisation, that is, conversion of 
rural habitats into urban ones (urban sprawl) in 
the surroundings of traditional territories 
(Isaksson 2018). Here I use the term urbanisation 

to refer to both biological and geographical 
urbanisation. Thus, an urban population may 
consist of both natives, original inhabitants of the 
area, and urbanised immigrants, including re-
occupants and new individuals (Solonen 2015).

Colonisation and adaptation of birds of prey 
to urban environments are well-known 
phenomena in various parts of the world (Bird et 
al. 1996, Andersen & Plumpton 2000, Love & 
Bird 2000, Chace & Walsh 2006, Boal & Dykstra 
2018, Kettel et al. 2018, Solaro 2018, Mak et al. 



2021). The Eurasian Goshawk (Astur gentilis) 
(hereafter goshawk), a medium-sized diurnal 
raptor, has traditionally occupied forested areas 
around the northern latitudes of the Old World 
(Cramp & Simmons 1980, Kenward 2006). 
During the recent decades it has colonised 
various European and Asian cities (Rutz et al. 
2006, Rutz 2008, Natsukawa et al. 2017, Mak et 
al. 2021). The question arises, is the urban 
colonisation a successful process or a detrimental 
chain of events, resulting from an ecological trap 
(Sumasgutner et al. 2014, Plaza & Lambertucci 
2017, Merling de Chapa et al. 2020)? Probable 
pros of urban life for the goshawk include 
abundant food supply (Rutz et al. 2006, Solonen 
et al. 2019), plenty of good, strong-branched 
nesting trees in city parks and recreational forests 
(Solonen 2015, Natsukawa et al. 2017, Solonen 
et al. 2019), and plenty of suitable space for 
nesting territories at the beginning of colonisation 
(cf. Solonen 1993, Byholm et al. 2020). Possible 
cons might be increased mortality due to various 
reasons (Dwyer et al. 2018, Mannan & Steidl 
2018), overly increased population density 
followed by increased interference compet-
ition and increased risk of diseases (Merling 
de Chapa et al. 2020), as well as increased 
exposure to environmental contaminants 
(e.g., Kenntner et al. 2003) and increased risk 
of collisions with vehicles, buildings 
(particularly windows) and other man-made 
structures (Hager 2009, Solaro 2018, Merling 
de Chapa et al. 2020).

In this study, I describe the recent first 
case of urban colonisation of the goshawk in 
Finland that began in the middle of the 2000s 
(about 2005–2006). Earlier similar 
colonisations have been recorded in more 
southern areas (e.g., Rutz et al. 2006, Merling 
de Chapa et al. 2020), where habitats largely 
differ from those of Finland. In Finland the 
species is traditionally known as a shy, 
sedentary bird of prey of old spruce forests of 
remote wilderness and rural areas (Väisänen 
et al. 1998, Tornberg et al. 2006, Solonen 
2015). I examine how fluctuations and 
changes in abundance and offspring produc-
tion might vary within and outside the urban 
and non-urban goshawk populations. I predict 
that, if urban habitats were more favourable 

for goshawks than non-urban habitats, population 
trends should be more positive, and population 
densities and breeding output higher in urban 
habitats than elsewhere. This would suggest that 
urbanisation might be a successful process (Rutz 
et al. 2006). On the contrary, increasing popu-
lation density and declining breeding output 
would suggest that urban colonisation might be a 
detrimental process (Battin 2004, Merling de 
Chapa et al. 2020). The aim of the present study 
is to give a general, population-level description 
of the recent urbanisation of the goshawk in 
Finland, and to outline some possible 
explanations derived from available empirical 
data.

2. Materials and methods

2.1. Study area

The present study is a part of a long-term 
monitoring program on birds of prey conducted 
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Fig. 1. Location of the study area near the southern coast of 
Finland in the municipalities of Espoo–Kauniainen, Helsinki–
Vantaa and Sipoo (black dots). 



in Uusimaa, southern Finland (60°N, 25°E) 
between 1972 and 2025 (Solonen 1993, 2008). 
The study area of about 500 km², here called the 
Helsinki (capital) district, is mainly situated near 
the southern coast of Finland in the 
municipalities of Espoo–Kauniainen, Helsinki–
Vantaa, and Sipoo (Fig. 1). It consists of the 
capital district of more than one million 
inhabitants, the most intensively built-up and 
most densely populated urban area in Finland, 
and the rural surroundings (Solonen 2008, 
Solonen et al. 2019). Habitats include densely 
built-up areas that are characterised by urban-
type land use, traffic routes, industrial areas, and 
large groups of buildings. The built-up areas are 
quite fragmented because urban sprawl is rel-
atively recent. The gaps are usually parks, 
recreational forests, and small plots of more or 
less natural open habitats. Larger agricultural and 
silvicultural areas cover the surroundings of the 
suburban areas.

2.2. Fieldwork and data

The present study covers the years between 1996 
and 2022. Territories and nests of goshawks were 
located mainly by listening for calling birds, 
checking known nest sites, and searching for new 
ones in suitable habitats (Forsman & Solonen 
1984). Confirmed nest sites were monitored 
annually. The annual number of active, occupied 
territories was used as a measure of population 
size (Supplementary Material Table S1). 
Reproductive investment was measured by the 
brood size (Solonen 2008). Brood size (per 
breeding attempt) was established mainly by 
inspecting the nests and ringing the nearly 
fledged young. Similarly collected nationwide 
data on the total number of territories recorded 
and annual mean brood size outside the present 
study area (Birdmagazine portal 1997–2023) 
were used for comparison. Because home ranges 
and habitat use of goshawks were not studied, the 
total population of the Helsinki district, in which 
the effect of urban areas was obviously 
considerable and much higher than elsewhere in 
Finland, was used in comparisons.

2.3. Statistics

I visualized population trends by using 
polynomial regressions in the Grammar of 
Graphics (ggplot2; Wickham 2016) and applied 
generalised linear models (GLM) to analyse 
linear trends and the relationship between 
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Fig. 2. Change in the population size of the Eurasian 
goshawk (Astur gentilis) (a) in the Helsinki district and (b) 
elsewhere in Finland between 1996 and 2022 based on 
occupied territories recorded. The polynomial regression 
curves (blue) fitted to the data (points) and the 95% 
confidence band (grey) are shown (f(x) = – 0.050 x² + 
205.397 x – 209724.197, F2,24 = 70.248, p < 0.001, r² = 
0.854; and f(x) = – 1.396 x² + 5599.886 x – 5613181.852, 
F2,24 = 8.352, p = 0.002, r² = 0.410, for (a) and (b), 
respectively).



population size and brood size, using the function 
glm in R (version 4.3.3 (2024-02-29)) (Venables 
& Ripley 2002, R Core Team 2021). The average 
annual mean brood sizes were compared by 
Welch's t-test.

3. Results

The urbanisation of the goshawk in the Helsinki 
district began in the middle of the 2000s and it 
proceeded quickly thereafter (Fig. 2a). The popu-
lation showed a significant increasing trend 
during the study period (1996–2022) (GLM, 
z = 19.26, df 26, p < 0.001) (Fig. 2a), while the 
number of territories recorded elsewhere in 
Finland decreased significantly (GLM, z = –
12.84, df 26, p < 0.001) (Fig. 2b; Supplementary 
Material Table S1). During the study the popu-
lation density in the urban areas increased from a 
few up to 10–20 territories/100 km². During the 
last years of the study period, however, the popu-
lation growth showed some signs of levelling out 
(Fig. 2a).

The average annual mean brood size (per 
breeding attempt) (1996–2022) (Supplementary 
Material Table S1) was not higher in the Helsinki 
district (mean = 2.346, SD = 0.398, CI95% = 2.196 
– 2.496) than elsewhere in Finland (mean = 
2.390, SD = 0.202, CI95% = 2.314 – 2.466) 
(Welch's t-test, t = –0.513, n = 27, p = 0.305). The 
annual mean brood size showed no significant 
trend either in the Helsinki district (GLM, t = –
0.354, df 26, p = 0.726) or in Finland in general 
(GLM, t = –1.76, df 26, p = 0.091). There was not 
a significant relationship between the seasonal 
population density and brood size in the 
increasing urban goshawk population (GLM, t = 
0.042, df 26, p = 0.967).

4. Discussion

4.1. Urban colonisation: a successful or 
detrimental process?

The newly colonised urban goshawk population 
of the Helsinki district showed a significant 
increasing trend during the study period, while 
the number of territories recorded elsewhere in 

Finland decreased significantly. This suggests 
that different extrinsic and/or intrinsic factors 
governed the colonising urban population and the 
Finnish population as a whole. The urbanisation 
of the goshawk in the Helsinki district started 
during an upturn of the Finnish population (Fig. 
2). This suggests that some larger scale 
phenomena affecting the Finnish goshawk popu-
lation at large might have triggered the urban 
colonisation. The signs of levelling out of 
numbers toward the end of the colonisation 
process may indicate that the urban population 
was limited by some external factor (Newton 
1998). The dynamics of the urban population 
may align to the general observation that 
establishment, expansion and saturation phases 
characterise newly founded populations 
(Shigesada & Kawasaki 1997).

Consistently with the results from other 
studies (Rutz et al. 2006), the highest breeding 
densities of urban goshawks in the Helsinki 
district (10–20 territories/100 km²) clearly 
exceeded densities generally attained by nearby 
non-urban populations (about 5 territories/100 
km²; Lindén & Wikman 1975, Forsman & 
Solonen 1984, Solonen 1993). In Finland, in 
general, the average densities of the goshawk 
varied from 1–2 to 4–5 pairs/100 km² (Saurola 
1985, Tornberg et al. 2006).

The average annual mean brood size in the 
Helsinki district was similar to that elsewhere in 
Finland. The lack of the expected difference 
between populations may be due to a large 
proportion of young, unexperienced birds 
producing small broods in the newly established 
urban population (cf. e.g., Rutz 2008, Solonen 
2008). Conversely, in northern Europe the 
average productivity of the goshawk populations 
has not changed during the years of declining 
trends (Tornberg et al. 2006) probably due to a 
large proportion of experienced birds in the 
breeding population.

In urban habitats the population trend of the 
goshawk was more positive than elsewhere, and 
breeding output was relatively high, suggesting 
that urban colonisation might be a successful 
process. Increasing and relatively high densities 
and high breeding output may relate to suitable 
habitat and, in particular, to abundant food supply 
(Rutz et al. 2006). However, excessively high 
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population densities may lead to reduced 
fecundity rates (Battin 2004, Merling de Chapa et 
al. 2020). Hence,  increasing population density 
along with established or declining breeding 
output suggests that urban colonisation may later 
prove to be a detrimental process.

Colonisation of a breeding population may be 
due to the spreading of individuals into new 
locations, or reoccupation of areas previously 
within the species’ range. Territoriality and 
reduced availability of free locations suitable for 
nest sites may limit population density (Newton 
1979, Village 1983, Solonen 1993). Above all, 
organisms need energy for living and reproduc-
tion. Therefore, it can be expected that sufficient 
availability of suitable food is a crucial 
prerequisite for successful colonisation (Rutz et 
al. 2006). Particularly abundant wintertime food 
supply may have an additional positive effect on 
the colonisation intensity (Solonen et al. 2019). 
Other characteristics of habitat such as patch size 
and distribution or availability of suitable nesting 
places are of secondary importance for individual 
survival but necessary for a reproductive 
population.

Recently it has been suggested that abundant 
food supplies and lesser predation risk and 
interspecific competition in urban habitats were 
the most important factors affecting successful 
colonisation of urban areas (Marzluff et al. 2001, 
Greenwood & Chamberlain 2003, Kelcey & 
Rheinwald 2005, Fidino & Magle 2017, Cooke et 
al. 2018). Reproductive success seems to be 
higher for many urban raptors (Sodhi et al. 1992, 
Stout et al. 2007, Solonen 2008). This suggests 
that urban areas may provide more abundant food 
supply (Gehlbach 1996, Solonen 2008), better 
nesting conditions (Stout et al. 2007, Solonen 
2008), as well as less predation (Gehlbach 1996) 
and persecution (Rutz 2008). For some species, 
urban areas may be more suitable than non-urban 
areas because they have wintering resources that 
can support populations all year round. However, 
because there is no need for young birds to 
disperse far from their natal areas (cf. Byholm et 
al. 2003, Luna et al. 2021), individuals may face 
increasing interference competition and a higher 
risk of inbreeding depression (Pipoly et al. 2019, 
Merling de Chapa et al. 2020).

4.2. The origin of urban goshawks in Finland

The present results do not suggest that recruits 
from the urban population itself or from 
elsewhere Finland were responsible for the urban 
population increase. The self-evident remaining 
alternative for the origin of urban goshawks in 
Finland is the population abroad. Foreign recov-
eries of goshawks ringed in Finland have been 
distributed mostly in Nordic and Baltic countries, 
Russia, Belarus and Poland (Saurola et al. 2013). 
This suggests that also birds originating from 
other countries may find their breeding sites in 
Finland. However, I have not recorded any ring 
recoveries from foreign populations, including 
the nearest urban one in Estonia (Väli & Vainu 
2013). The vast majority of the foreign-ringed 
birds recovered in Estonia were juveniles or 
immature birds arriving in late autumn from 
Finland but no movement was detected in the 
opposite direction. Finnish birds have also been 
found in Estonia at breeding age, suggesting gene 
flow across the Gulf of Finland. For more 
convincing conclusions of the origin of urban 
goshawks in Finland, more and detailed data such 
as ring recoveries, GPS transmitter recordings or 
genetic markers are needed.

In Europe south of Fennoscandia, natal 
dispersal distances of goshawks seem to be short. 
Most of the recoveries of ringed birds have been 
within 20 km of the nest (Rutz et al. 2006). In 
northern Europe movements may reach much 
further, even more than 2000 km from the natal 
areas (Saurola et al. 2013). Probably, the Finnish 
urban population was founded by non-urban 
individuals, but the maintenance and stabilisation 
of urban populations may occur even with rel-
atively low productivities and reproductive 
success if the mortality rates of the birds are also 
lower. Thus, the urban population may be self-
sufficient and now relatively independent from 
the non-urban birds.

4.3. Explanations for the goshawk’s 
urbanisation

There are various explanations for the goshawk's 
urbanisation. It can be asked whether goshawks 
were attracted into urban environments by 
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favourable circumstances, or were driven away 
from non-urban habitats by unfavourable living 
conditions. Both alternatives seemed to be 
relevant in the present case. Also, the data of Rutz 
(2008) suggest a combination of both processes. 
It seems that the colonisation of urban Helsinki 
by goshawks was governed by the prevailing 
local circumstances. Probably the first step has 
been the deterioration of breeding and wintering 
habitats in the surroundings of the urban area. 
Fragmentation and decrease of old forests due to 
intensive forestry have deteriorated both nesting 
habitat and food supply (Tornberg et al. 2006, 
Byholm et al. 2020). In the present case, the 
urbanisation of breeding birds in the middle of 
the 2000s (since 2005–2006) was preceded by an 
increase of wintering goshawks in the district 
(Solonen et al. 2010; cf. Rutz 2008). The obvious 
reason for the winter immigration was the 
abundant food supply. Particularly dispersing 
young birds seem to have found abundant and 
increasing prey populations in urban areas and 
have settled there for winter and later became 
established to breed. The winter densities of 
various suitable prey species, including in 
particular corvids and columbids, were higher in 
urban areas than in the surroundings, and they 
have been increasing during the recent decades 
(Solonen et al. 2010). Abundant food supply even 
in spring has probably kept goshawks in the same 
district year-round and finally attracted them to 
breed near their wintering areas. Urbanisation of 
breeding goshawks has followed particularly the 
recent increase in corvid and Wood Pigeon 
(Columba palumbus) populations near human 
settlements in the Helsinki district (Solonen 
2015, Solonen et al. 2019) as well as in Finland, 
in general (Vuorisalo et al. 2003, Fey et al. 2015).

My findings contrast with observations that 
the colonisation of the goshawk in European 
cities coincided with the decrease of persecution 
(Rutz et al. 2006). In Central Europe the number 
of breeding goshawks is said to be usually limited 
by the availability of food and nest-sites, and 
controlled by illegal killing by humans. In 
Finland, the lag between the intensive killing 
period (before the protection of the goshawk in 
1989) (see Pohja-Mykrä et al. 2012, Saurola et al. 
2013) and the first signs of urban colonisation 
(around the turn of the millennium; this study) 

was, however, quite long. In the present study 
area persecution was witnessed only a few times 
during the last 50 years (this study).

Kanahaukan kaupunkilaistuminen Suomessa

Eläinten kaupunkilaistumisella voi olla monia 
syitä ja seurauksia. Tässä kirjoituksessa esittelen 
ensimmäisen tapauksen kanahaukkapopulaation 
muodostumisesta kaupunkiympäristöön Suomes-
sa, missä laji tunnetaan perinteisesti syrjäisten, 
vanhojen kuusimetsien arkana asukkaana. Hel-
singin seudulla vuosina 1996–2022 tehdyn seu-
rannan perusteella pyrin valottamaan, onko kau-
punkilaistuminen linnuille onnistunut vai haital-
linen ratkaisu, ja mistä kaupunkilaispopulaatioon 
tulevat yksilöt ovat mahdollisesti peräisin. Tar-
kastelen, kuinka kanahaukan populaatiodyna-
miikka muualla Suomessa voi käytettävissä ole-
van aineiston valossa heĳastua kaupunkilais-
haukkojen populaatiodynamiikkaan. Oletan, että 
jos kaupunkiympäristöt ovat kanahaukalle muita 
ympäristöjä suotuisampia, kaupunkipopulaatios-
sa kannanmuutos on  jyrkemmin nouseva ja kes-
kimääräinen poikastuotto suurempi kuin muual-
la. Tämä voi viitata siihen, että kaupunkilaistu-
minen olisi linnuille onnistunut valinta. Jos taas 
kasvava kannantiheys heikentää poikastuottoa, 
ympäristönvalinta on epäonnistunut. On kuiten-
kin huomattava, että populaation menestykseen 
vaikuttavat ja siitä kertovat kannanmuutosten ja 
poikastuoton lisäksi monet muutkin tekĳät, kuten 
nuorten lintujen hajaantuminen ja selviytyminen 
ennen pesintäikää.

Seurannan kuluessa kaupunkipopulaatio kas-
voi jyrkästi, kun taas muualla Suomessa kanta 
taantui merkitsevästi (kuva 2). Keskimääräinen 
poikastuotto ei kuitenkaan ollut kaupunkipopu-
laatiossa korkeampi kuin muualla. Kannan kor-
kea tiheys ei myöskään vaikuttanut poikastuottoa 
heikentävästi. Nämä tulokset voivat viitata sii-
hen, että kaupunkilaistuminen on kanahaukan 
kannalta myönteinen kehityskulku. Pidemmällä 
aikavälillä erittäin korkea populaatiotiheys voi 
kuitenkin lisätä lajinsisäistä kilpailua ja johtaa 
haitallisiin seurauksiin.
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