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Introduction

When approached by a predator, an individual 
must make a decision on whether to flee or not, 
depending on the fitness benefits and costs of 
escape in a given moment (Ydenberg & Dill 1986, 
Lima & Dill 1990). An obvious benefit of fleeing 
is avoidance of death or injuries inflicted by a 
predator. However, if an animal escapes too early, 
e.g. when a predator is at a safe distance and 
does not represent an immediate threat, it loses 
an opportunity to engage in fitness enhancing 
activities, such as foraging, mating or brood 
protection (Cooper 1999, 2000, de Jong et al. 2013). 
The distance between an approaching predator and 
prey at which prey initiate escape, termed flight 
initiation distance (FID), is a common measure 
of trade-off between antipredator behaviour and 
other activities (Cooper 2015). Because animals 

respond to human-caused disturbance as they 
would to predators (Frid & Dill 2002), FID is 
typically assessed as the distance at which animals 
flee from approaching humans (e.g. Burger et al. 
1989, Blumstein 2003, Møller 2014).

Many factors affect escape decision in animals 
(Stankowich & Blumstein 2005). In general, animals 
escape at longer distances when approached 
directly, at faster speed, and/or by a greater 
number of predators (Burger & Gochfeld 1981, 
Geist et al. 2005, Bateman & Fleming 2011). Also, 
prey may exhibit longer FID when farther away 
from a refuge (Engelhardt & Weladji 2011, Guay 
et al. 2013), in open habitats with reduced cover of 
vegetation (Cooper 2003), and in rural compared 
to urban environments (Møller 2008, Møller et al. 
2015). By contrast, some activities, such as mate 
guarding and feeding, as well as morphological 
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for distances < 10 m after initiating escape, and escaped by walking or running (67%). Our results show that 
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traits, such as cryptic colouration typically delay 
escape of prey, leading to shorter FID (Cooper 
1999, Cooper et al. 2003, Møller et al. 2019). Some 
variables, however, may lead to an increase or 
decrease in FID depending on environmental or 
social conditions. For example, prey might escape 
earlier when in larger groups due to collective 
detection of predators (Tätte et al. 2018, Morelli et 
al. 2019), or escape may be delayed due to dilution 
of predation risk or collective defence (Stankowich 
& Blumstein 2005, Mikula et al. 2018).

As well as the biological attributes of the prey, 
and the environmental circumstances at a given 
moment, the distance at which a predator starts 
approaching prey, the starting distance, strongly 
affects the escape decision in a wide range of taxa 
(Blumstein 2003, Cooper et al. 2009, Engelhardt 
& Weladji 2011). Typically, prey escape earlier 
when starting distance is greater (Blumstein 2003). 
Therefore, some properties of escape behaviour are 
a consequence of the research procedure, specifically 
the initial distance between an approaching human 
and focal animal. Moreover, starting distance 
strongly influences the alert distance (AD), the 
distance at which an animal becomes alert due to 
an approaching threat, which itself exerts a strong 
positive influence on FID (Blumstein et al. 2005, 
Stankowich & Coss 2007, Samia et al. 2013). For this 
reason, these variables need consideration when 
investigating decision-making during predator-
prey encounters (Blumstein et al. 2015a).

In addition to FID, distance fled (DF), the distance 
a prey individual flees before stopping if not 
pursued by a predator (Cooper & Blumstein 
2015), as well as escape method, also represent 
important determinants of escape behaviour. 
Greater distance fled increases the chances of 
successful escape, but entails greater costs in terms 
of the expenditure of energy and time (Fernández-
Juricic et al. 2002, Tätte et al. 2018). Different 
escape methods vary in relation to the benefits 
and costs experienced by escaping animals. 
For example, ground foraging birds may opt to 
escape by running or flying; running requires less 
energy but put birds under greater predation risk, 
whereas flying is energetically more demanding, 
but reduces predation risk (Rodriguez-Prieto et al. 
2008). Therefore, depending on the risk assessment 
in a given moment, animals are expected to adjust 
not only the distance from a predator at which 
they commence their escape, but also the escape 
method and the distance traversed while escaping. 

In this study we examined escape behaviour 
of hooded crows Corvus cornix Linnaeus, 1758 
(hereafter crows) in an urban environment. We 
aimed to assess the effect of breeding season 
on components of escape behaviour – FID, DF, 
and escape method, while controlling for other 
confounding variables. Although escape behaviour 
has been examined in various vertebrates, there 
is little information on how breeding season 
influences escape decisions in birds. During the 
breeding season, birds may take more risk due 
to increased costs of parental care (Clutton-Brock 
& Godfray 1991), or they may be more cautious 
in order to successfully complete breeding (Lima 
2009). Populations of the hooded crow have been 
increasing in European cities over the last several 
decades (Vuorisalo et al. 2003, Kövér et al. 2015), 
leading to frequent conflicts with humans due 
to noisy vocalization, pollution from faeces, and 
scattering garbage (Pokorny et al. 2014). Therefore, 
information on the escape strategies of hooded 
crows during the breeding period may aid future 
efforts in the management of this species in urban 
environments.

Material and Methods

Study area
The study was conducted in four parks in the 
centre of Belgrade, Serbia (44.81 N, 20.47 E): 
Vukov Spomenik (~ 1.3 ha), Tašmajdan (~ 9.9 
ha), Pionirski Park (~ 1.88 ha), and Manjež (~ 2.2 
ha). The parks are separated by multi-storey 
buildings and busy streets; the distance between 
parks ranges between 250-1,300 m. All parks have 
similar habitat structure, with high tree cover of 
conifers and deciduous trees, extensive areas of 
maintained grasslands with decorative flowers, 
intersected by walking trails. In addition, all parks 
with the exception of Vukov Spomenik have 
playgrounds for children, whereas Tašmajdan and 
Pionirski Park have water fountains. The parks are 
frequented by visitors throughout year and are 
used for recreational and leisure activities.

Behavioural and environmental variables
The data were collected in November and December 
2020, and in April and May 2021. As part of another 
project, we actively monitored crow nests in several 
locations in the city, so we were confident that 
observations conducted in April and May included 
the period of reproduction. Each park was visited 
once per day, two-three times each week, with at 
least an interval of one day between successive 
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visits to the same park; all visits were conducted 
between 10-12 h, to avoid potential effects of time 
of day on escape behaviour (Rodriguez-Prieto et 
al. 2008, Burger et al. 2010). Upon arrival at a study 
location, we searched for crows actively foraging 
or feeding on the ground. When we encountered 
a group of birds, we chose one that could be easily 
approached, e.g. a bird that was not moving fast, 
where there were no physical obstructions between 
the bird and us, or there were no dogs or humans 
near the bird. In addition, we did not approach 
birds that were alert prior to our approach, or 
birds fed by visitors. Several focal individuals that 
were engaged in aggressive interactions with their 
neighbours were not included in analyses.

We measured behavioural parameters following 
the protocol of Blumstein (2003). Once the focal bird 
had been chosen, we measured starting distance 
using a laser range finder; we did not approach the 
bird if the starting distance was less than 10 m or 
greater than 35 m. One of us (always Vanja Parača, 
wearing dark clothes) directly approached the bird 
at a steady speed, approximately one step/s (one 
step ~ 0.5 m), and stopped when the bird fled (on 
all occasions the birds reacted by fleeing from the 
approaching researcher). Counting the number of 
steps from the moment the bird started monitoring 
our approach we approximated AD, as well as FID 
at the moment the bird departed. We also scored 
four categories of DF (0-10 m, 11-20 m, 20-30 m, > 
30 m), escape method (flying vs. walking/running), 
and the chosen end-point of escape (ground, tree, 
or other). 

We also measured environmental variables 
that could affect escape behaviour, including 
air temperature (Fernández-Juricic et al. 2002), 
wind speed (McGowan et al. 2002), and flock 
size (Morelli et al. 2019). Temperature and wind 
speed were measured with a digital thermometer/
anemometer, whereas flock size was determined by 
counting all crows within a 10 m radius of the focal 
bird; for each focal individual, these measurements 
were taken prior to our approach. In addition to 
these variables, distance to the nearest refuge can 
exert a significant influence on escape behaviour 
in a range of taxa (Stankowich & Blumstein 2005). 
In terrestrial birds, the nearest object (e.g. tree or 
bush) is typically considered as the closest refuge 
(e.g. Fernández-Juricic et al. 2001, Tätte et al. 2018). 
Nevertheless, during preliminary observations, 
crows never used the closest objects as refuges and, 
thus, we did not consider this variable for analysis.

Statistical analysis
We used (generalized) linear mixed models to 
examine the effect of breeding season, including 
confounding variables, on FID, DF, and escape 
method. We used the “dredge” function from 
the package “MuMIn” (Bartoń 2020) to generate 
all possible models, with different combinations 
of predictors used in global models, which were 
ranked based on corrected AIC (AICc) values.  
To obtain parameter estimates we conducted 
averaging of models in cases where Δ AICc < 4 
(Grueber et al. 2011). Estimates of predictors in 
which 95% confidence intervals did not overlap 
zero were considered to have a significant 
effect on dependent variables (Nakagawa &  
Cuthill 2007). 

To assess the effect of predictors on FID we used 
linear mixed models (the package “nlme”, Pinheiro 
et al. 2021). The global model included season, AD 
and flock size as fixed factors, whereas the date 
of observation nested within location was treated 
as a random factor. Because air temperature was 
significantly higher, and wind speed significantly 
lower, during the breeding season (Wilcoxon test: 
P < 0.001), without unexpected extreme values 
in both study periods, these variables were not 
included in the analysis. Moreover, as the majority 
of crows were solitary while foraging, whereas the 
maximum number of individuals within a group 
was seven, the variable “flock size” was represented 
with two levels; “single” and “in flock”.

Seasonal differences in DF were examined using 
Fisher’s exact test, for each park separately. To 
account for effects of other variables, we used 
generalized linear mixed models with a binomial 
distribution. Although we recognized four 
categories of DF, we used a binomial distribution 
since nearly 80% of birds fled for a distance of less 
than 10 m, and only a few birds fled for distances 
over 20 m. Therefore, for this analysis, we combined 
levels of DF > 10 m, with DF coded zero if ≤ 10 m, 
or one if > 10 m. Thus, the global model included 
season, FID, flock size, and escape method as fixed 
factors, and the date of observation nested within 
location as a random factor; AD was not included 
in this analysis as it was highly correlated with 
FID (Pearson correlation: r = 0.77, P < 0.001), which 
was shown to exert significant influence on DF in 
other studies (Tätte et al. 2018). We used Bayesian 
inference (the package “blme”, Dorie et al. 2021), 
to overcome problems of a singular model fit  
(Bolker 2015).
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Fig. 1. Seasonal difference in flight initiation distance (FID).

Table 1. Descriptive statistics of variables measured during the breeding and non-breeding season; median values and range are 
presented.

Variables Breeding season Non-breeding season
Starting distance (m) 20.8 (11.8-30.6) 20.9 (10.9-33.6)
Alert distance (m) 10.6 (5.3-17.5) 12.5 (4.1-24.1)
Flight initiation distance (m) 8.9 (2.6-15.0) 7.8 (1.4-19.1)
Flock size (number of individuals) 1 (1-4) 1 (1-7)
Air temperature (°C) 21.0 (14.0-26.0) 5.5 (1.0-5.0)
Wind speed (ms–1) 0 (0-1.3) 0 (0-4)

Fig. 2. Flight initiation distance (FID) in relation to alert distance (AD).

Table 2. Model-averaged estimates of coefficients with standard error (SE), for regression models including flight initiation distance 
(FID) as a dependent variable, distance fled (DF), and escape method; estimates of predictors where 95% confidence intervals (CI) did 
not overlap zero were considered to have a significant effect on FID. AD refers to alert distance; flock size (FS) is represented by two 
levels – single and in a group; season is also represented with two levels – breeding and non-breeding; escape refers to escape method 
and is a binary variable, with flying coded 1 and running/walking coded 0.

Predictor Coefficient SE (Coef) 95% CI
Estimates for FID
   AD   0.792 0.043   0.706-0.878
   Season (non-breeding) –1.391 0.346 –2.091-(–0.691)
   Flock size (single) –0.213 0.307 –1.055-0.125
Estimates for DF
   FID   0.013 0.053 –0.134-0.228
   Season (non-breeding) –0.094 0.359 –1.614-0.885
   Flock size (single)   0.179 0.437 –0.712-1.695
   Escape   5.560 0.941   3.742-7.456
Estimates for escape method
   FID   0.177 0.057   0.064-0.289
   Season (non-breeding) –0.128 0.292 –1.152-0.411
   Flock size (single)   0.020 0.193 –0.650-0.798
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To model the effects of predictors on escape method 
we also used Bayesian generalized linear mixed 
models. The escape method was a binary response 
variable, coded one, if the focal bird escaped by 
flying, or zero, if it escaped by running/walking. 
The global model included season, FID, and flock 
size as fixed factors, and the date of observation 
nested within the location as a random factor. All 
statistical analyses were carried out using R v4.1.0. 
(R Core Team 2021).

Results

We measured escape behaviour in 183 individuals, 
92 in winter, 91 in spring (Vukov Spomenik: 13, 
Tašmajdan: 93, Pionirski Park: 52 and Manjež: 25). 
Descriptive statistics on measured variables are 
presented in Table 1. The majority of individuals 
fled distances ≤ 10 m, 78% (n = 143), with 10 % 
(19) of individuals fleeing 11-20 m, 3% (6) 21-30 m, 
and 8% (15) of individuals fled distances > 30 m. 
Significant differences in DF between seasons 
were detected for only one location (Pionirski 
Park, Fisher’s exact test: P = 0.005). The end point 
of escape in 83% of individuals was the ground, 
14% fled into a tree, and 3% used other objects. 
Escape method was running/walking in 67% of 
individuals, whereas 33% escaped by flying.

Season and AD had significant effects on FID, 
with birds escaping at longer distances during the 
breeding season, and when they were alerted at 
greater distances (Table 2, Figs. 1 and 2). DF was 
significantly influenced by escape method, with 
birds escaping for distances greater than 10 m more 
often if they escaped by flying (Table 2). Finally, 
escape method was significantly influenced by 
FID, with birds escaping more often by flying at 
greater distances from an approaching predator 
(Table 2).

Discussion

During the breeding season, animals experience 
increased energetic costs due to mate acquisition 
and/or guarding (Byers et al. 2010, Lane et al. 
2010), nest building (Mainwaring & Hartley 2013) 
and parental care (Clutton-Brock & Godfray 1991). 
In addition, many animals experience limited 
opportunities to find mates during the period of 
breeding (Székely et al. 1999, Segoli et al. 2006, 
Reading & Backwell 2007, Stenzel et al. 2011). Under 
such circumstances, antipredator responses might 
be relaxed as a trade-off between reproduction and 

antipredator behaviour (Cooper 1999, Martín et al. 
2003). Conversely, as animals are often exposed 
to higher predation risk while breeding (Lima & 
Dill 1990, Magnhagen 1991), their antipredator 
response could be enhanced to successfully protect 
their offspring and themselves (Ciuti et al. 2008). 
Previous studies examining the effects of breeding 
on escape behaviour in animals has generated 
contrasting results. For example, Glover et al. 
(2011) did not find a difference in FID between 
breeding and non-breeding masked lapwings 
Vanellus miles, whereas seasonal differences in FID 
were registered in only one out of 11 bird species 
studied in the Neotropics (Piratelli et al. 2015). 
By contrast, some studies have demonstrated 
a decrease in risk-taking behaviour, i.e. longer 
FID, during the breeding season. Hence, females 
of ungulates with offspring escaped at greater 
distances compared to males, or females without 
offspring, most likely to minimize predation risk 
on their young (Ciuti et al. 2008, Stankowich 2008). 
Similarly, shorebirds fled at longer distances on 
breeding sites than on migratory stopovers, thus 
reducing predation risk at this stage of the annual 
cycle (Mikula et al. 2018).

In our study, crows escaped at greater distances 
during the breeding season implying that the 
birds were more risk-averse throughout the period 
of reproduction. By reducing predation risk, the 
birds were more likely to successfully complete 
care of their young. In addition, a shorter FID 
detected during the winter period may be partly 
a consequence of unfavourable environmental 
conditions (lower temperatures/stronger winds) in 
that part of the year. Under harsher environmental 
conditions, animals may expose themselves to a 
higher predation risk in response to an elevated 
risk of starvation (McGowan et al. 2002, Yasué et 
al. 2003). As ambient temperature affects metabolic 
rates (Bakken et al. 1991), birds feed more in colder 
weather (Pravosudov & Grubb 1998), and thus, 
to avoid interruption of foraging, the crows may 
have tolerated the closer approach of a predator.

Flight initiation distance was strongly influenced by 
alert distance – the increase of AD was followed by a 
significant increase in FID. The positive relationship 
between AD and FID has been consistently observed 
in diverse taxa (Samia et al. 2013). This relationship 
could be partly a consequence of a mathematical 
artefact arising from the fact that FID is always lower 
or equal to AD (Dumont et al. 2012), but it could 
be also arise from costs associated with predator 
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monitoring once a predator has been detected 
(Blumstein 2010). The costs of not fleeing entail 
physiological costs of monitoring an approaching 
predator, which increase with the duration of 
monitoring, as well as the greater probability that the 
predator will attack as the approach toward prey is 
prolonged (Cooper & Blumstein 2014). Preliminary 
analyses showed that AD in observed crows, while 
simultaneously controlling for starting distance, was 
significantly lower in the breeding period (Parača 
2021). Therefore, a longer FID during reproduction 
indicates that the crows did not escape at longer 
distances because they were more alert, but because 
they escaped soon after detecting the approaching 
predator. During the breeding season, 21% of focal 
individuals escaped at the moment they detected an 
approach (i.e. AD was equal to FID), corroborating 
our belief that the birds were less inclined to risk-
taking during the reproductive period.

We detected a significant seasonal difference 
in distance fled at only one study location. In 
the regression model, which took into account 
other confounding variables, a seasonal effect 
was absent. In general, the majority of birds we 
observed displaced themselves less than 10 m 
away after simulated attacks. One of the reasons 
for such short DF may be the fact that we observed 
crows in an urbanized environment where they 
were continuously exposed to high encounter 
rates with humans throughout the year. This 
situation may lead to habituation in response 
to non-lethal stimuli from humans resulting in 
a decreased antipredator response (Stankowich 
& Blumstein 2005, Rodriguez-Prieto et al. 2009). 
Comparison of escape tactics in urban and rural 
environments show that animals in urban habitats 
typically exhibit shorter FID, as well as DF (Møller 
2008, Tätte et al. 2018, 2020, Hall et al. 2020). Risk 
assessment is a dynamic process, occurring before 
but also after escape initiation (Cooper 2008). For 
example, corvids are able to discriminate among 
different types of predator approach and adjust 
their escape strategy, with escape duration being 
shortest when the predator’s approach terminates 
in the moment of flight initiation (Tätte et al. 2020). 
As our study protocol did not include pursuit of 
crows once they initiated escape, the birds were 
able to evaluate our approach as non-threatening 
and cease their escape shortly after it started.

Distance fled was strongly influenced by escape 
method (flying vs. running), with the crows more 
likely to flee longer distances while flying, which 

is similar to other studies (Rodriguez-Prieto et al. 
2008, Tätte et al. 2018). Flying is a faster means of 
locomotion than running, but energetically more 
demanding (Butler 2016), thus birds may opt to use 
it under a higher level of risk. In our study, 67% 
of birds escaped by running, which is consistent 
with a decreased antipredator response associated 
with urban environments (Uchida et al. 2016, Tätte 
et al. 2018). The only variable that significantly 
influenced escape method in crows was FID, with 
increased probability of flying after longer FID. 
This result contrasts with the study of Rodriguez-
Prieto et al. (2008), who found that the probability 
of aerial escape in the blackbird, Turdus merula, 
decreased as FID increased; in this way blackbirds 
most likely reduced predation risk once a predator 
had approached closely. We did not detect such 
risk compensation in crows, but the relationship 
between FID and escape method may reflect 
differences in boldness of individuals (Blumstein 
et al. 2015b), with bolder birds allowing a closer 
approach and choosing energetically less costly 
escape tactics.

Social status of focal birds did not influence escape 
decision in crows. Previous studies have yielded 
varied results on the relationship between escape 
strategies and group size. In larger groups, due to 
collective detection, approaching predators can be 
detected earlier, leading to an increase in FID with 
group size (Tätte et al. 2018, Morelli et al. 2019). 
In contrast, risk dilution and collective defence 
may lead to a decrease in FID/DF with group 
size (Stankowich & Blumstein 2005, Mikula et al. 
2018, Kalb et al. 2019). However, many studies, 
ours included, have failed to detect a significant 
relationship between group size and components 
of escape behaviour (e.g. Glover et al. 2011, Tätte 
et al. 2018, 2020, Kalb et al. 2019). The reason for 
the lack of such a relationship may be a failure 
to properly define a group; we defined a flock as 
the number of crows in a 10 m radius from the 
focal individual, but the birds may have reacted 
to the presence of more distant neighbours. In 
addition, opposing effects of the above mentioned 
mechanisms may obscure the overall impact of 
group size on escape decisions.

The hooded crow is a successful urban colonizer, 
showing population increase in European cities 
since the 1960s (Kövér et al. 2015). Such population 
growth is a consequence of increased anthropogenic 
food sources, availability of nesting sites, as well as 
a lack of the crows’ predators within cities (Kövér 
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et al. 2015, 2019). Limited persecution in urban 
habitats has also led to habituation and tolerance 
in crows of the presence of humans (Vuorisalo 
et al. 2003). Nevertheless, seasonal differences in 
flight initiation distances we observed indicate that 
even animals adapted to living in highly urbanized 
environments, such as crows, may be less prone 
to risk-taking during the breeding season, which 
may allow them to more successfully care for 
their young. This finding could be taken into 
account when planning urban green areas, along 
with limiting human food sources and available 
breeding habitats, which have proven to be the 

most important factors for management of crows 
within cities (Takenaka 2003, Kövér et al. 2019, 
Preininger et al. 2019).  
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