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Abstract: 	 We monitored 15 nests of hooded crows Corvus cornix while simultaneously recording the activity of 
birds at their nests and the number and activity of people in the vicinity of nests, to examine (1) how 
often crows attack people during the nest attendance period, (2) whether people and their activity close 
to crows’ nests increase the probability of attacks and (3) whether people around nests increase the prob-
ability of crows’ vocalisation. In total, we conducted 130 hours of observation, during which we recorded 
the presence and behaviour of nearly 30,000 people close to the crows’ nests. Despite intensive human 
activities in the vicinity of crows’ nests, we did not record aggression toward humans or pet animals, 
indicating that attacks are rare before fledglings leave their nests. In addition, vocalisation by crows was 
affected by the number of conspecifics in the nest vicinity but not by the human presence or activities.
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Introduction
Urbanisation presents one of the most intense forms 
of human-caused environmental change, affecting 
community structure, population dynamics and its 
genetic constitution, as well as the morphology and 
behaviour of organisms (Shochat et al. 2006). Ur-
ban communities are characterised by lower diver-
sity, compared to non-urban ecosystems, often dom-
inated by a small number of species that may reach 
high abundances (Crooks et al. 2004, McKinney 
2008, Morelli et al. 2016). In addition, animal spe-

cies that successfully colonise cities are typically 
those that have behavioural, physiological and mor-
phological flexibility allowing them to overcome 
common stressors in urban environments, such as 
pollution, noise and infectious diseases (Lowry et 
al. 2013, Wauters & Martinolli 2018). 

Human-wildlife conflicts are common in urban 
environments and could be provoked by behaviours 
that animals typically do not exhibit in their more 
natural habitats (Lowry et al. 2013, Brooks et al. 
2020, Schell et al. 2021). Aggressive behaviour 
toward humans is arguably one of the strongest trig-
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gers of conflict with urban-dwelling species (Basak 
et al. 2023). Perception of this conflict is shaped by 
personal negative experiences with wild animals but 
also by other factors, such as common beliefs, fears 
or media coverage (Clucas et al. 2011, Kövér et 
al. 2022, Basak et al. 2023). Thus, in order to un-
derstand the foundation of negative attitudes toward 
potentially aggressive species, it is important to de-
termine the real probability of aggressive behaviour 
and the specific context in which it happens.

The hooded crow Corvus cornix L., 1758 is a 
successful urban coloniser, experiencing population 
increase throughout European cities since the 1960s 
(Vuorisalo et al. 2003, Mazgajski et al. 2008, 
Vrezec 2010). Such a population rise is a conse-
quence of increased anthropogenic food sources, the 
lack of crows’ predators and low level of persecution 
in urban habitats as well as the birds’ intelligence and 
their ecological flexibility allowing them to adjust 
to highly altered urban environments (Vuorisalo 
et al. 2003, Kövér et al. 2015). However, increased 
population densities of urban crows lead to frequent 
conflict with humans, mainly due to noisy vocalisa-
tion, pollution by faeces and the spread of human 
waste (Pokorny et al. 2014). In addition, crows 
may physically attack humans while taking care of 
the young (Vuorisalo et al. 2003, Pokorny et al. 
2014), which, along with negative media coverage 
on the topic, even more strengthens the aversion of 
people toward them. Two questionnaire-based stud-
ies reported that 5–10 % of participants had person-
ally experienced attacks by crows in Europe (ŠPUR 
et al. 2016, Kövér et al. 2022). Nevertheless, infor-
mation on the incidence of these attacks close to the 
crows’ nests is lacking in the literature. In addition, 
it is not well documented at which nesting stage 
crows attack people and whether human activities 
provoke aggression or vocalisation of crows.

In this study, we examined in several cities in 
Serbia whether crows attack people before fledg-
lings leave their nests. There is a lack of detailed and 
quantitative research on the conflict between hu-
mans and crows in Serbia. However, a brief search 
of media content published during the last decade 
revealed dozens of articles about the human–crow 
conflict (e.g., Stanković 2019, S. K. 2020, J. M. M. 
2021). Although the analysis of media reporting on 
crows was out of the scope in this study, it became 
evident that human-crow conflicts occur regularly 
in urban environments. Furthermore, the media con-
tent typically lacks a scientific background, leading 
to sensationalist reporting on instances of conflict. 
Consequently, the coverage tends to be unreliable, 
devoid of context and predominantly negative to-

ward crows. Therefore, by employing by a network 
of volunteers who observed crows’ nests, we aimed 
to examine (1) how often crows attack people during 
the nest attendance period, (2) whether people and 
their activity close to crows’ nests increase the prob-
ability of attacks, and (3) whether people around 
nests increase the probability of crows’ vocalisation.

Materials and Methods
The study took place in four cities in Serbia – Bel-
grade, Novi Sad, Šabac and Čačak (Fig. 1), in April 
and May 2021. Members of the Bird Protection and 
Study Society of Serbia and students of the Uni-
versity of Belgrade participated in the study. We 
announced the study through social networks and 
emails, whereas students were informed in their 
classes or using the Google Classroom platform. All 
participants, in total 18 of them, were included in 
the study on a voluntary basis. The data collection 
protocol was straightforward and contained several 
tables, which volunteers filled out while observing 
nests. In addition, all volunteers obtained training 
(online and in the field) prior to onset of the study.

The history of colonisation of urban habitats 
by the hooded crow has not been studied in Serbia. 
Literary data from the mid-20th Century indicate 
that hooded crows typically bred in different open 
and semiopen habitats (Matvejev 1950, 1976), 
whereas the colonisation process of urban envi-
ronments possibly increased in the second half of 
the 20th Century, similar to nearby countries (e.g., 
Vrezec 2010, Kövér et al. 2015). Currently, urban 
and suburban environments are considered the most 
significant habitat for this species (Puzović et al. 
2015). The breeding population in the Belgrade area 
is estimated to be around 1000–1500 breeding pairs, 
500–700 pairs in Novi Sad and 79–90 pairs in Čačak 
(Puzović, unpublished data), which constitutes 
nearly 1% of the population in Serbia (Puzović et 
al. 2015). Bird tolerance to humans differs among 
urban and rural habitats and increases with latitude 
(Diaz et al. 2013). Nevertheless, the breeding range 
of hooded crows in Serbia is continuous (Puzović 
et al. 2015, Keller et al. 2020), with the study cities 
within a relatively short distance of each other (up 
to 100 km). The agricultural landscape intersected 
by an extensive network of settlements dominates 
the area between the cities with no natural barriers 
in between. For these reasons, we considered that 
the behaviour of crows would not significantly differ 
among cities, given the small geographical distance 
and ecological uniformity of the urban environ-
ments in the studied areas. 
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Hooded crows are typically solitary breeders 
with pairs being territorial during breeding season 
(Loman 1985). Their nests are usually placed high in 
the canopy of deciduous or conifer trees and may be 
reused in subsequent years (Zduniak & Kuczyński 
2003, Kövér et al. 2015, McIvor & Healy 2017). 
At the end of March 2021, we searched for active 
crow nests – a nest was considered active if, dur-
ing consecutive visits, we noticed a crow within the 
nest and (or) crows were repeatedly visiting the nest, 
indicating feeding of the partner or offspring. The 
most important criterion for including nests in re-
search was the possibility of conflict among nesting 
crows and people. Therefore, we did not consider 
crow nests in private properties but within public 
city parks, green areas or sidewalk trees, with no-
ticeable pedestrian traffic close to the nest trees. We 
observed 15 nests: 12 nests in Belgrade and one nest 
in Novi Sad, Šabac and Čačak each. A detailed de-
scription of study locations is provided in Table 1. 
Each nest was observed 3–6 times throughout the 
study period, with subsequent visits to the same nest 
occurring 6–19 days apart. To reduce the possibil-
ity of disturbing nesting crows during the study, ob-
servers were placed around 30 m away from the nest 
tree. Once an observer noticed that a nest was no 
longer active, i.e. no crows were present in or adja-
cent to the nest or no crows were flying in (out) of 
the nest during an observation session, observation 
of that nest was ceased.

Nests were observed during daylight, from 7 to 
19 h, within two-hour blocks (e.g. 7–9, 9–11, 11–13, 
etc.), which were typically alternated in subsequent 
observations of the same nest. E.g., if a nest was 
observed 7–9 during one visit, it was observed in 
another time window (e.g. 13–15) during the next 
visit. However, not all observers could follow the 
suggested protocol; thus, some nests were observed 
more than once in a given two-hour period. Two-
hour blocks were further divided in 24 five-minute 
intervals, for which we recorded the following in-
formation: (1) the number of crows within a 30 m 
radius from the nest tree; (2) the number of visible 
nestlings or fledglings within a 30 m radius from the 
nest tree and their position – at nest, beside nest, on 
the nest tree, on another tree, on the ground, other; 
(3) the number of crows’ calls within a 30 m ra-
dius from the nest tree; (4) the position of vocalis-
ing crows – at nest, beside nest, on the nest tree, on 
another tree, on the ground, other; (5) the number 
of aggressive behaviours of crows directed toward 
people within a 5 m and 30 m radius from the nest 
tree, described as – following people, swooping peo-
ple without physical contact, swooping people with 

physical contact accomplished through bill, claws or 
wings; (6) the number of people within a 5 m and 30 
m radius from the nest tree, their activity – stand-
ing/sitting, walking, jogging, playing/sports, riding 
scooter/bicycle/motorcycle, approaching fledglings, 
and their gaze – directed toward crow/nest or not; 
(7) noise produced by people within a 5 m and 30 m 
radius from the nest tree – present or absent; and (8) 
the number of cats and dogs within a 5 m and 30 m 
radius from the nest tree.

Vocalisation by crows was assessed using a 
zero-inflated generalised linear mixed model with 
negative binomial distribution. Prior to analysis, 
we assessed collinearity among predictors using the 
Pearson coefficient of correlation (Zuur et al. 2009). 
As the number of people within the 5 m radius from 
the nest tree and the total number of people within 
a five-minute interval were highly correlated (rPearson 
= 0.814, p < 0.001), we included only the number 
of people within the 5 m radius as a variable in our 
models. In the first model, the response variable was 
the number of crows’ calls per five-minute interval, 
whereas the predictors were the number of people 
within the 5 m radius from the nest tree, the number 
of pets, noise generated by people and the total num-
ber of crows (the last three variables refer to the en-
tire area within the 30 m radius from the nest tree). 
To account for the nest and date variability other 
than that covered by the model’s predictors, the date 
of observation nested within the nest ID was set as a 
random factor. The second model was similar to the 
first one but in order to account for variability in the 
number of crows within the study area, i.e. to assess 
the influence of predictors on the per-capita rate of 
vocalisation, we also specified an offset variable as 
the number of crows recorded per the five-minute 
interval (Zuur et al. 2009). To validate the model, 
we plotted the scaled residuals (Hartig 2022). The 
analysis was conducted using R v4.3.0. (R Core 
Team 2023) using packages glmmTBM (Brooks et 
al. 2017) and DHARMa (Hartig 2022).

Results
We observed 15 nests for 130 hours – three nests 
were observed for a total of six hours each (three 
two-hour blocks/nest), seven nests for a total of eight 
h/nest, two nests for a total of 10 h/nest and three 
nests for a total of 12 h/nest. All nests were actively 
attended by crows during the study period, although 
nestlings were rarely notified (in 155 out of 1560 
five-minute intervals), as nests were placed high in 
the canopy. A fledgling outside the nest was observed 
only once, at the moment it left the nest during an 
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observation session. The average number of crows 
within a five-minute interval was 1.30, ranging 0–11. 
We recorded activity of 2634 people in the vicinity 
of nests: 5937 within the 5 m radius from the nest 
tree and 23697 within the 5–30 m radius. The aver-
age number of people per five-minute interval was 
18.85 (range 0–107). The most common activity of 
people was walking: 15013 individuals, followed by 
standing/sitting: 8000, playing/sports: 4865, riding a 
scooter/bicycle/motorcycle: 1240, whereas the least 
common was jogging: 516 individuals. Passers-by 
rarely paid attention to the birds, only in 21 five-
minute intervals they looked toward the crows’ nests. 
During the study period, we recorded 563 dogs up to 
5 m from the nest trees, 1654 dogs were present 5–30 
m from the nest trees, whereas stray cats were rarely 
observed, 100 in total.

We did not record any aggressive behaviours 
of crows, whose nests we observed, directed toward 
people. In addition, crows rarely vocalised during 
observations – within 191 five-minute intervals we 
notified 570 crows’ calls. The total number of crows’ 
calls was positively affected by the number of crows 
within a five-minute interval, whereas per-capita 
rates of vocalisation were negatively affected by the 
number of crows within a five-minute interval. No 
other variables included in GLMMs had a signifi-
cant effect on the incidence of crows’ vocalisation 
(Tables 2 and 3).

Discussion
The recent development of cities, characterised by 
rapid human population growth and spatial expan-
sion of built-up areas, leads to frequent human-
wildlife conflicts in urban environments (Gaston 
2010, Soulsbury & White 2015). Populations of 

various crow species have been increasing in cities 
throughout the world (Marzluff et al. 2001, Wil-
son et al. 2015, Benmazouz et al. 2021), where they 
are often considered nuisance animals (Clucas et 
al. 2011, Pokorny et al. 2014). Negative experienc-
es with crows may include contamination of public 
areas by feces, spread of human waste, loud vocali-
sation, property damage or attacks on humans and 
their pets (Kurosawa et al. 2003, Špur et al. 2016, 
Kövér et al. 2022). In a study conducted in Slove-
nia, 9.2% of participants, out of 1042 who filled out 
a questionnaire, reported that they had personally 
experienced attacks by crows, whereas 14.7% heard 
about attacks from other people (Špur et al. 2016). 
Similarly, 5% of inhabitants of several Hungarian 
cities (out of 1740 individuals who participated in a 
survey) reported they had personal experiences with 
crow attacks, while 12.3% heard about attacks from 
others (Kövér et al. 2022).

The nesting crows we observed did not attack 
people. In addition, none of the human activities 
we aimed to identify as triggers of attacks did not 
provoke a reaction from birds. Studies on Austral-
ian magpies Gymnorhina tibicen found that rapid 
movements of humans through magpie territories, 
such as cycling or jogging, often elicit attacks by 
birds. These studies also imply that attacks are more 
severe, occasionally causing physical injuries, if in-
truders approach closer to a nest tree (Jones 1980, 
Warne & Jones 2003). In our study, a substantial 
number of people passed through the study areas, 
with more than 500 individuals jogging or cycling 
less than 5 m from the nest trees, but with no effects 
on the birds’ behaviour. In addition, the number of 
people and their pets (or stray animals) within the 
study area did not affect the vocalisation of crows, 
which in general rarely occurred. Nevertheless, the 

Fig. 1. Maps with study locations of observed nests. A. Three nests in Novi Sad, Šabac and Čačak; B. Twelve nests in 
Belgrade. The nest numbering corresponds to the numbering in Table 1.
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Table 1. Description of the study locations. The site numeration corresponds to the numeration of nests in Fig. 1.

Study location Description

1. Novi Sad Single tree on the sidewalk of a busy street. Extensive grassland and residential buildings 
are nearby.

2. Šabac Extensive green area at the Sava River. It consists of open grasslands with scattered 
deciduous trees, intersected by walking and bicycle trails.

3. Čačak Residential city area with a conifer tree line along the street. Townhouses and small 
buildings are placed on one side of the street, whereas a parking lot is on the other.

4. Belgrade – Zemun Parking lot with high deciduous trees surrounded by residential buildings.
5. Belgrade – Zemun Green area between buildings, with grassland and a high cover of deciduous trees.
6. Belgrade – 
Bežanijska kosa

Residential city area with a tree line along the street. Small buildings are placed on one 
side of the street, whereas extensive grassland with scattered trees is on the other.

7. Belgrade – Studentski 
grad

Park within the Belgrade University dormitory, consisting of grassland intersected by 
walking trails, with a high cover of deciduous trees.

8. Belgrade – Železnik The backyard of a sports complex, with grassland, a high cover of deciduous and conifer 
trees, a parking lot, and buildings.

9. Belgrade – Banjica Park with extensive pavement, surrounded by a high cover of deciduous trees and tall 
residential buildings.

10/11. Belgrade – 
Tašmajdan (2 nests)

Park in the city centre, with a high tree cover of conifers and deciduous trees, extensive 
areas of maintained grasslands with decorative flowers, intersected by walking trails. It 
contains children’s playgrounds, a dog run, and a water fountain. As a spatial cultural-

historical unit, it is under state protection.
12. Belgrade – 
Profesorska kolonija Green area between buildings, with grassland and a high cover of deciduous trees.

13. Belgrade – 
Profesorska kolonija

Park adjacent to the city centre with extensive pavement, grassland, and scattered 
deciduous trees. It contains a children’s playground.

14. Belgrade – 
Oslobodioci Beograda

Park adjacent to the city centre, with a high tree cover of conifers and deciduous trees, 
shrubs, maintained grasslands, and decorative flowers.

15. Belgrade –  
Karaburma

Park in a residential area, with a paved children’s playground, and high deciduous trees, 
surrounded by buildings.

Table 2. Coefficient estimates for predictors included in the mixed effect model examining the total number of crows’ 
calls per fiive-minute intervals: the number of people within the 5 m radius from the nest tree, the number of animals 
(cats and dogs), noise generated by people (present or absent), and the total number of crows within the area. Signifi-
cant effects are highlighted in bold.

Predictor Coefficient estimate Standard error P-value

Number of people -0.0387 0.0224 0.0845
Number of animals 0.0046 0.0434 0.9178

Noise 0.1888 0.2468 0.4444
Number of crows 0.2014 0.0734 0.0061

Table 3. Coefficient estimates for predictors included in the mixed effect model examining per-capita rates of crows’ 
calls per five-minute intervals: the number of people within the 5 m radius from the nest tree, the number of animals 
(cats and dogs), noise generated by people (present or absent), and the total number of crows within the area. Signifi-
cant effects are highlighted in bold.

Predictor Coefficient estimate Standard error P-value

Number of people -0.0369 0.0221 0.0949
Number of animals -0.0002 0.0434 0.9955

Noise 0.1561 0.2423 0.5195
Number of crows -0.1293 0.0628 0.0395
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crows’ vocalisation was affected by the total number 
of crows within the study area – while the total num-
ber of calls increased with the number of crows, it 
was the opposite for per-capita rates of vocalisation. 
The reason for such an observation may be related 
to the defence of breeding territories, as on many 
occasions we observed members of a breeding pair 
chasing conspecific intruders, which was often ac-
companied by loud vocalisation. Thus, it seemed 
that at this stage of the breeding season, while still 
being at their nests, crows were more concerned 
about protecting the nest against conspecifics than 
about human passers-by.

One of the limitations of our study is that it 
included a small number of nests and thus did not 
account for intraspecific variability in birds’ behav-
iour (Carrete & Tella 2010). In addition, our pro-
tocol was not designed to measure the frequency of 
different call types. As crows use different types of 
vocalisations depending on social or environmen-
tal context (e.g. mating calls, mobbing calls, alarm 
calls) (Cramp & Perrins 1994), distinguishing 
among calls would provide better insight into the 
reaction of birds to different types of environmental 
stimuli, including those caused by humans. Never-
theless, recording of such sophisticated behavioural 
information would require substantial training of 
volunteers, which is challenging in volunteer-based 
science studies.

In spite of its limitations, however, our study 
indicates that the probability of crow attacks is 
most likely low while birds are at their nests and 
that future research should extend to the period after 
fledglings leave the nests. In addition, we used vol-
unteer-derived data to examine a topic that is mainly 
under-represented in citizen science programs on 
avian urban ecology. Although this research covered 
a small number of nests, developed protocols can be 
successfully applied by non-professional ornitholo-
gists and citizen volunteers, and thus be easily incor-
porated into broadscale studies that would improve 
our coexistence with urban corvids.
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