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Abstract

Urbanisation is a globally increasing phenomenon with diverse impacts on biodiversity. Interest in how urbanisation affects
raptors is growing because, as top predators, they can be used as bioindicators for ecosystem functioning and sentinels for
environmental change. However, a comprehensive synthesis detailing the global-scale impact of urban-related sensory and
risk factors on nocturnal raptors (i.e. owls) is lacking. In this review, we examined the literature to identify such factors and
to outline their association with behavioural and ecological traits of owls living in urban environments. Overall, we show
that several urban-related sensory and risk factors affect owls, with vehicle collisions on roads being the most widely docu-
mented across species. Conversely, sensory pollution remains poorly investigated, which is surprising given that nocturnal
and acoustic hunters, such as owls, might be severely impacted by artificial light at night (ALAN) and anthropogenic noise.
We also highlight a research gap on this topic from the global south, where urbanisation is rapidly increasing. Importantly,
we show that roads and sensory pollutants are associated in contrasting ways with many owl behavioural and ecological
traits, such as hunting and habitat use. We argue that the interplay among roads, noise and ALAN influences how owls’
prey species use roads, which may turn areas near roads into ecological traps. The severity of their impacts may depend on
the intensity and type of anthropogenic noise and artificial lights along roads. Further research in this direction will have
important implications for the conservation of owls in urban environments.
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Zusammenfassung

Sensorische Belastungen und Gefahren in Stddten und ihre Auswirkungen auf Eulen (Strigiformes): eine systematische
Ubersicht

Die Urbanisierung schreitet weltweit dynamisch voran und z#hlt zu den zentralen anthropogenen Treibern des
Biodiversititsverlustes. Das wissenschaftliche Interesse an ihren Auswirkungen auf Greifvogel nimmt zu, da diese
als Spitzenpridatoren sowohl wichtige Bioindikatoren der Okosystemfunktion als auch Sentinelorganismen fiir
Umweltverdanderungen darstellen. Eine global angelegte Synthese zu den Effekten sensorischer Belastungen und urbaner
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Gefahren auf nachtaktive Greifvigel, insbesondere Eulen (Strigiformes), fehlt bislang. In der vorliegenden Ubersicht
wurde die bisher publizierte Literatur ausgewertet, um relevante Belastungen und Gefahren zu identifizieren und ihre
Zusammenhidnge mit Verhaltensweisen sowie okologischen Merkmalen urban lebender Eulen einzuordnen. Unsere Analyse
zeigt, dass Eulen durch mehrere urbanen Belastungen und Gefahren beeinflusst werden, wobei Kollisionen mit Fahrzeugen im
Strallenverkehr am hiufigsten dokumentiert sind. Demgegentiber sind sensorische Umweltbelastungen bislang unzureichend
untersucht — obwohl insbesondere nachtaktive und akustisch jagende Arten potenziell stark durch kiinstliches Licht in
der Nacht (ALAN) und anthropogenen Lirm beeintriachtigt werden. Zudem zeigt sich eine deutliche Forschungsliicke im
Globalen Siiden, wo die Urbanisierung besonders rasch voranschreitet. Weiterhin wird deutlich, dass Straen und sensorische
Belastungen in teils gegenldufiger Weise mit zentralen Verhaltens- und 6kologischen Merkmalen assoziiert sind, darunter
Jagdverhalten und Habitatnutzung. Wir argumentieren, dass das Zusammenwirken von Straen, Lirm und ALAN die
Raumnutzung von Beutetieren beeinflusst und dadurch straBennahe Bereiche zu dkologischen Fallen fiir Pridatoren werden
konnen. Fiir ein mechanistisches Verstindnis dieser Zusammenhinge sowie fiir den wirksamen Schutz von Eulen in urbanen

Lebensridumen ist weitere Forschung unerlisslich.

Introduction

Urbanisation is increasingly recognised as a threat for biodi-
versity (McDonald et al. 2008; Theodorou 2022). The fore-
most detrimental effects induced by worldwide urban sprawl
include habitat fragmentation and environmental pollution,
which can directly alter species’ distribution and lower their
abundance and diversity (McKinney 2002; McDonald et al.
2008). Furthermore, the phenomenon of urbanisation does
not only consist of physical land conversion and the spread
of pollutants, but also involves growing human populations
that interact with wildlife. The mere presence of people can
affect wildlife behaviour (Ellis-Soto et al. 2023), for exam-
ple by increasing stress-hormone levels (Almasi et al. 2015)
and by causing animals to perceive humans as intruders and
predators (Botsch et al. 2018; Nyatanga et al. 2021), leading
to wild animals avoiding urban environments. However, in
some cases human presence and activities can attract ani-
mals by increasing the availability of limited resources, such
as water and food, or alternative nest and roost sites (James
Reynolds et al. 2019; Sumasgutner et al. 2023).

In this context, the response of birds to urbanisation has
been widely explored, in part because they are relatively
easy to observe and survey (Crooks et al. 2004; McDonald
et al. 2008; Sol et al. 2014). Birds thus represent environ-
mental indicators that can be used to investigate which type
of interventions are required to better sustain biodiversity in
urban environments (Sushinsky et al. 2013; Geschke et al.
2018). In particular, the response of birds of prey to urbani-
sation is receiving increasing attention (Natsukawa and
Sergio 2022; Natsukawa et al. 2023). As predators, raptors
are at the top of the food chain and thus play a crucial role
for ecosystem functioning, making them good model sys-
tems to assess the impact of environmental change, includ-
ing urbanisation (Sumasgutner et al. 2021; Natsukawa and
Sergio 2022). Because the presence of breeding raptors in
urban environments is correlated with higher biodiversity in
some cases (Natsukawa et al. 2021), actions to improve their
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conservation might also provide protection for other species
and help identify key hotspots for biodiversity conservation
(Natsukawa et al. 2023).

The way raptors respond to urbanisation is not uniform
across species due to different resource requirements (e.g.
prey and nests, Kettel et al. 2018) and inter-individual vari-
ations in behaviour (e.g. some individuals being bolder than
others, van den Brink et al. 2012). Highly territorial raptors
may also occur in urban environments not due to attraction
to urban spaces, but because their long-established territo-
ries may have undergone progressive urban transformation
over time, requiring raptors to adapt their behaviours (e.g.
changes in use of resources) to maintain territories and per-
sist in urbanised landscapes (Palomino and Carrascal 2007).
Moreover, recent findings suggest that smaller raptors are
the most successful in urban environments (Cooper et al.
2022; Headland et al. 2023). Raptors may be drawn to urban
environments due to the abundance of suitable prey spe-
cies, such as pigeons, which are often characteristic of urban
areas. Additional factors include the availability of alter-
native nesting sites on human-made structures or through
nest box provisioning, reduced competition for resources,
and lower predation risk (Kettel et al. 2018). Despite access
to alternative nest sites, raptors sometimes experience low
breeding success when main prey availability is low in
urban environments (e.g. Eurasian Kestrel Falco tinnuncu-
lus, Sumasgutner et al. 2014a). In this case, lower breeding
performance in urban environments is thought to result from
raptors being less successful in hunting alternative prey (e.g.
songbirds) compared to their usual prey in natural areas (e.g.
small mammals) (Sumasgutner et al. 2014b). In addition,
alternative nesting sites (e.g. nestboxes) are not suitable for
all raptors, and urbanisation has led to the widespread reduc-
tion of natural breeding resources, such as hollow-bearing
trees (Harper et al. 2005), especially the ones with large hol-
lows (Treby and Castley 2015). For raptors that are obligate
hollow-nesters, limited access to such nesting sites may be a
constraint on breeding opportunities and further contribute
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to lower breeding success in urban populations compared
to their rural conspecifics. Several anthropogenic factors
related to urban environments also have a direct effect on
both raptor mortality risk (Hager 2009) and behavioural
and ecological traits (Senzaki et al. 2016). Collisions with
vehicles on roads and contamination by rodenticides are
typically considered the most impactful factors for raptors
(Hager 2009; Panter et al. 2022; Salek et al. 2023), but fac-
tors altering sensory perception and behaviour (e.g. noise
pollution, Senzaki et al. 2016) may also ultimately influence
their fitness. Because of the conflicts between the benefits of
attraction to urban environments (e.g. prey availability) and
potential costs, urban environments may act as ecological
traps (Boal and Mannan 1999; Isaac et al. 2014).

Owls (order Strigiformes) have been studied to a lesser
extent (Kettel et al. 2018; Headland et al. 2023) compared
to diurnal raptors, especially in urban environments. This is
likely because most species are highly nocturnal and cryptic,
and have low population densities and detection rates (Win-
tle et al. 2005; Isaac et al. 2013), making their study more
challenging. Some species cope well with urbanisation if
suitable patches of natural habitat are preserved within the
urban matrix (Pagaldai et al. 2021; Séchaud et al. 2021).
However, in addition to the risks posed by collisions with
vehicles on roads and rodenticides, owls occurring in urban
environments are also exposed to factors affecting their envi-
ronmental sensory perception (e.g. noise and light pollu-
tion, Frohlich and Ciach 2019; Marin-Gomez et al. 2020).
For example, areas with high levels of anthropogenic noise
or areas close to roads are avoided by many species (Frey
et al. 2011; Frohlich and Ciach 2019; Milliet et al. 2024).
Ultimately, the occurrence of owls in urban environments
(including urban parks and gardens, Frohlich and Ciach
2019; Marin-G6mez et al. 2020) is also affected by human
presence (Cavalli et al. 2016; Moroni et al. 2017).

Here, we performed a systematic review of the literature
with the purpose of: (i) providing a global synthesis on the
anthropogenic factors that are a risk for owls’ survival in
urban environments and that affect their behavioural and
ecological traits (hereafter called “urban-related sensory and
risk factors”); (ii) identifying which of these factors may
affect owls’ behavioural and ecological traits, and determin-
ing whether they have positive, negative, or neutral associa-
tions with such traits; (iii) examining the potential problem
of ecological traps; (iv) identifying future research needs.

Traditionally, only towns and cities have been recog-
nised as urban environments. However, this is a limita-
tion since urbanisation is a diffusion process whose effects
extend beyond urban centres (Antrop 2000; Hoffmann
et al. 2023). For our purposes, an urban environment can
thus be defined as a geographic space characterized by the
presence of urban-related sensory and risk factors which
extend beyond cities (Antrop 2000; Hoffmann et al. 2023).

Indeed, some of these factors occur also outside of city
boundaries, such as roads, anthropogenic noise, and light
pollution (Rheindt 2003; Francis et al. 2011; Rodriguez
et al. 2017; Cox et al. 2020). For this review, we thus
decided to include any urban-related sensory and risk fac-
tors in our review, even those that may not be exclusively
associated with cities.

Literature search

We performed an advanced search on the Web of Science
Core Collection Database (www.webofscience.com), cover-
ing all the available editions. We retrieved studies published
from 1900 onwards, including all languages and document
types. We used the following search strategy on the Web
of Science Core Collection: TS = [(owl* OR Strigiformes
OR ‘nocturnal raptor*’ OR ‘nocturnal avian predator*” OR
‘nocturnal bird* of prey’) AND (urban* OR ‘urban envi-
ronment*’ OR town OR city OR ‘urban development’ OR
‘urban* gradient*’) AND (habitat* OR ‘habitat loss’ OR
‘habitat fragmentation’ OR ‘habitat destruction’ OR log-
ging OR pollut* OR noise OR ‘anthrop* noise’ OR ‘traffic
noise’ OR ‘noise pollut*” OR ALAN OR ‘artificial light* at
night’ OR ‘artificial* illumination’ OR ‘light pollut*” OR
‘chemical pollut*’ OR roadkill* OR road* OR collision*
OR ‘vehicle collision*’ OR electrocution OR ‘wind* turbine’
OR ‘wind* blade’ OR ‘anthrop* stressor*’ OR ‘anthrop*
disturb®’ OR ‘human disturb* OR ‘human impact*’)]. This
search strategy was built to be as comprehensive as possible
to include all possible urban-related sensory and risk fac-
tors that could affect owls. The choice of keywords for the
search strategy was verified and based on published books
which describe owl species and information on their threats:
Mikkola (2013), Koénig and Weick (2008) and Cauli et al.
(2022). We then reinforced our literature searchf using the
same search strategy with the domain ‘TITLE-ABS-KEY’
on Scopus (www.scopus.com). The literature search was
performed on both search engines on the 7th of November
2022 and included all records available that were published
before this date. Moreover, we included studies retrieved
from ‘Urban raptors: ecology and conservation of birds of
prey in cities’ (Boal and Dykstra 2018), which covers the
ecology of raptors in urban environments. Because it covers
both diurnal and nocturnal raptors, we used the search term
‘owl*’ to recover as many references as possible from the
reference lists throughout the book.

We found 271 studies on the Web of Science Core Col-
lection, 240 studies on Scopus and 190 records from Boal
and Dykstra (2018), comprising a total of 701 records. We
removed duplicates and obtained a final list of 464 unique
records (Supplementary Table S1).
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Inclusion and exclusion criteria

There are 557 raptor species worldwide, 236 of which are
owl species included in the order Strigiformes (McClure
et al. 2018). We adopted a systematic approach to provide a
global picture of the number of owls that are known to occur
in urban environments. For the purpose of this study, in our
search we included only records on urban-related sensory
and risk factors that directly affect owls’ survival or behav-
ioural and ecological traits. Therefore, we did not consider
natural factors that are indirectly affected by anthropogenic
activities (e.g. food availability and abundance in cities, pre-
dation risk and competition with other species, natural habi-
tat loss). We included studies conducted both within urban
environments and along urban gradients. We included both
correlational and experimental studies (e.g. an experiment
testing the effects of noise pollution on owl behaviour). We
then discarded the following: (i) studies concerning species
other than owls; (ii) studies on owls but not involving any
urban-related sensory and risk factors; (iii) studies in which
the presence of owls has been used to study the behavioural
response of other species (e.g. antipredator behaviours in
passerines).

We then screened the remaining records by reading their
title and abstract. If the title and/or abstract indicated that
the study could fit our inclusion criteria, we read the study
fully to assess its eligibility. We obtained a total of 89 eli-
gible records, to which we added 70 further studies that

we retrieved from selected records that consisted of either
reviews or book chapters that were originally found in the
search on Web of Science and Scopus. After the eligibility
assessment, we obtained a final list of 133 records. Each
step involved in the literature search process has been sum-
marised in detail by following the PRISMA chart scheme
(Supporting Online Information Table S1).

General trends

Patterns in the literature in relation to geographic
regions and study species

Although early documents on owls exposed to urban-related
sensory and risk factors trace back to the first half of the
twentieth century, the number of studies has increased mark-
edly from the 2000 s onward, and especially in the last dec-
ade (Fig. 1). This trend indicates a relatively recent rise in
interest for this research area. Overall, the studies that we
retrieved on the relationship between owls and urban-related
sensory and risk factors (n=133) were conducted in 28
countries. Most research has focused on owls in the northern
hemisphere, especially the Nearctic region, followed by the
Palearctic region (Fig. 1). North America led with the high-
est representation of studies (particularly in the USA n=38;
28% of the studies), followed by Europe (especially Spain
n=14; 10% and Italy n="7; 5%). In contrast, few studies
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Fig.1 Temporal trend showing the number of studies (n=133)
published in the period between 1930 and 2022 on owls exposed to
urban-related sensory and risk factors. The world map illustrates the
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geographical distribution of the studies across the globe. The inten-
sity of the colour scale indicates the number of studies by country
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were conducted in the southern hemisphere, highlighting a
clear difference in research contribution between the world’s
hemispheres (Fig. 1). The highest representation of studies
from the southern hemisphere came from Argentina (n=10;
7%) and Australia (n=6; 4%), essentially the only contribu-
tors from South America and Oceania. The most striking
research gap was for Asia and Africa (Fig. 1).

We identified a total of 30 species of owls that have been
studied in relation to urban-related sensory and risk factors
(Fig. 2). However, research was limited for most of them. We
found more than 10 records for only six species (20% of the
species; Fig. 2). Overall, the most studied owl species was
the Burrowing Owl Athene cunicularia (n=34; 16% of the
studies), and the highest number of owl species studied was
in North America (Canada and USA, n=18 species studied,
Fig. 2), followed by Europe (Italy, n=7 species studied). On
the other hand, very few species have been studied across the
southern hemisphere overall (Fig. 2) with Australia being the
country with the greatest representation of species (n=3).

Urban-related sensory and risk factors affecting
owls’ behaviour and ecology

From our literature search, we identified several urban-related
sensory and risk factors that affect owls. We classified them
as: roads, collisions with obstacles, chemicals, noise, artifi-
cial light at night (ALAN), and reactions to human presence

Athene cunicularia-
Tyto alba-

Bubo bubo-

Asio otus -

Strix varia-

Athene noctua-

Strix aluco -
Megascops asio -

Bubo virginianus -

Asio flammeus -
Aegolius acadicus -
Strix nebulosa -

Strix occidentalis -
Otus scops -
Megascops kennicottii -
Glaucidium gnoma -
Bubo scandiacus -
Aegolius funereus -
Tyto novaehollandiae -
Strix uralensis -

Ninox strenua -

Ninox novaeseelandiae -
Surnia ulula -

Otus lettia -

Ninox boobook -
Micrathene whitneyi -
Megascops trichopsis -
Glaucidium brasilianum-
Ciccaba virgata-

Bubo capensis -
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ollllllllllllllllllll

10

Fig.2 Of the 236 owl species worldwide, 30 species were studied in
relation to urban-related sensory and risk factors. The barplot shows
the number of studies conducted for each studied species and the

(Fig. 3). Most studies focused on the effects of roads (n=81;
49% of the studies; Fig. 3), and most of these (n=52; 64%)
examined the impact of roads in terms of collisions with
vehicles on roads, for a large number of owl species (n=23).
Collisions with vehicles on roads may be one of the greatest
causes of mortality for owls (Hager 2009; Salek et al. 2023).
The remaining studies (n=29; 36%) mostly investigated the
effects of roads on owls’ habitat use and selection.

Other than collisions with vehicles, we found studies show-
ing that owls also collide with other anthropogenic obstacles
(n=26; 16% of the studies). The most critical ones are power
lines, which can cause mortalities and severe injuries through
either collisions or death by electrocution when owls perch
on the poles or come into contact with multiple conductors
simultaneously (e.g. Eagle Owl Bubo bubo, Marchesi et al.
2002; Sergio et al. 2004; Schaub et al. 2010). This type of col-
lision was documented in 20 studies based on our search and
affected several species (n=10). According to one of these
studies (Lehman et al. 2007), half of these species are often
reported in electrocution incidents just in North America,
suggesting that this threat might be broader and affect more
species worldwide. Moreover, we also found a smaller body
of research documenting owls’ collisions with buildings and
windows (n=06), fences (n=1, Martinez et al. 2006), trains
(n=4) and aircrafts (n=1, Kitowski 2011). Despite the lim-
ited number of studies, these types of collisions affected a
moderate number of species overall (Fig. 3).

Number of species
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& £,

20 30
Number of studies

world map illustrates the geographical distribution of the owls studied
across the globe. The intensity of the colour scale indicates the num-
ber of species by country

@ Springer



Journal of Ornithology

Aircrafts
20+
g » :
3 Buildings and windows BFRs
% 15 Heavy metals
g Fences
©
[
7]
Y— 10'
o
6 Power lines
QO Rodenticides
€
=}
Z 54
Trains
04
Roéds Obstaclé collision Chenl1ica|s Anthropog‘enic noise ALAN Reaction 'to human
(n=81) (n=26) (n=31) (n=11) (n=5) presence
(n=10)

Urban-related sensory and risk factors

Fig.3 Barplot showing all urban-related sensory and risk factors
reviewed in this study that impact owls globally and the number of
affected species per factor, with the number of studies per factor
depicted in brackets (the total number of studies is greater than 133

Exposure to harmful anthropogenic chemicals was the
second most documented factor based on our search (n=31;
19% of the studies, Fig. 3) and was recorded for many species
(Fig. 3). Evidence on the impact of chemicals mostly came
from studies investigating the effects of anticoagulant rodenti-
cides (ARs), including second-generation anticoagulant roden-
ticides (SGARs), which are widely employed in urban envi-
ronments to control rodent populations (n=28, covering 14
species). Because they can bioaccumulate in the ecosystem
across food webs, they also threaten non-target predator species,
such as owls (e.g. Barn Owl Tyto alba, Hindmarch et al. 2017;
Southern Boobook Ninox boobook, Lohr 2018), and cause either
sublethal effects or direct mortality. We found markedly fewer
studies exploring the potential impact of other toxic chemicals
(n=2 for heavy metals, Demajo et al. 2011; Espin et al. 2014;
n=1 for brominated flame retardants, Eulaers et al. 2014).

Regarding the factors related to sensory pollution (i.e.
anthropogenic noise and ALAN), we found a restricted body
of research. Most studies focused on the impact of anthro-
pogenic noise (n=11; 7% of the studies) and concerned 10
species (Fig. 3). The impact of ALAN has been investigated
even less often (n=5; 3% of the studies; with only four spe-
cies studied in total) (Fig. 3).

Finally, behavioural reactions of owls to human presence
have been measured as risk perception and flight initiation
distance (FID) in a few studies (n=10; 6% of the studies,
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since some studies included more than one urban-related sensory and
risk factors). The acronym BFRs indicates brominated flame retard-
ants, and ALAN indicates artificial light at night

Fig. 3), all using Burrowing Owls as a study system. For
example, Cavalli et al. (2016) demonstrated a difference in
boldness, with shorter FIDs in urban Burrowing Owls com-
pared to rural conspecifics. Thus, it is possible that bolder
behavioural traits are selected for in response to frequent
exposure to humans in urban environments (Moroni et al.
2017), which may lead to more aggressive owls defending
their nests from human intruders. For example, although
studied in a rural non-urban area, reddish Tawny Owl
females are bolder and more aggressive at defending their
nests than colour-lighter conspecifics (Da Silva et al. 2013).
Moreover, as argued by Carrete and Tella (2017), the conse-
quences of fear of humans are not necessarily detectable by
behavioural observations, as some individuals may show no
behavioural response, but experience physiological effects
that are undetected as yet.

Effects of urban-related sensory and risk
factors on owl behaviour and ecology

Among the multiple urban-related sensory and risk factors
that we found in our search, we identified three factors that
can be associated with owls’ behavioural and ecological
traits: roads, noise, and ALAN. For each species and factor,
we reported the measured behavioural and ecological traits,
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and recorded the association as positive, negative, or neutral
based on the direction of the effect reported (Table 1). We
assigned a positive association when the factor was associ-
ated with an increase, preference, or apparent benefit for
the trait (e.g. higher habitat use, increased occurrence, or
selection of that factor). Conversely, we assigned a negative
association when the factor caused a reduction or impair-
ment of the measured trait (e.g. decreased hunting success,
reduced occupancy, avoidance behaviour), while a neutral
association was assigned when the studies reported no sig-
nificant effect of that factor.

We did not include the other urban-related sensory and
risk factors, such as exposure to chemicals and collisions
with obstacles, because they were instead associated with
direct effects on mortality or physical and physiological
impairment, rather than with behavioural or ecological traits.
We further acknowledge that other factors not addressed in
this review also affect the behaviour and ecology of owls.

Roads

We found that roads were documented in the most studies
(n=29 of 45 studies). Some owl species showed a positive
association with roads, while others showed a negative asso-
ciation (Fig. 4). Based on the studies we found, six spe-
cies showed attraction to roads, likely because they can be
exploited as foraging and hunting grounds (de Bruijn 1994;
Hager 2009). Small mammals often select roadside habitats
for activities, such as foraging, refuge and movement (Bel-
lamy et al. 2000; Hill et al. 2021), creating an attractive
hunting ground for owls that eat such prey. Additionally, the
abundance of perches along roads (e.g. trees, fences, street-
lights, road signs) may signal that these areas are beneficial
for hunting (Meunier et al. 2000). Road verges, since they
are usually kept very short so as to increase visibility of
wildlife for drivers, can also contribute to increased visibil-
ity and the ease with which prey can be captured (Ascensao
et al. 2012). We also found evidence for an increase in space
use near roads by a highly insectivorous species, the Bur-
rowing Owl (Table 1), which selects these areas both to nest
(Plumpton and Lutz 1993) and to forage (Griffin et al. 2018;
Rodriguez et al. 2021).

However, road avoidance was identified for a greater
number of species (n=8§), some of which were the same spe-
cies that showed a positive association with roads (Fig. 4).
For example, Burrowing Owls seem to avoid roads where
vehicle speeds exceed 80 km/h (Scobie et al. 2014). This
suggests that additional features rather than the mere pres-
ence of roads (e.g., intensity of anthropogenic noise or light)
contribute to making roads more or less appealing to owls.
Indeed, road density seems to affect the selection of both
nesting and roosting sites, leading to lower site occupancy
in areas with more roads (Frey et al. 2011; Bradsworth et al.

2021). Road type is another important factor, with major
roads being most strongly avoided (Silva et al. 2012; van der
Horst et al. 2019), likely due to their higher traffic volumes
and associated noise. Because owls are acoustic hunters that
rely on acoustic cues to locate prey (Konishi 1973; Knudsen
and Konishi 1979), noise might mask these cues, and thus
keep the owls away from major roads. However, effects of
roads on owls’ breeding productivity and demographic rates
are rarely documented. A large body of research showed evi-
dence of mortality due to vehicle collisions (Fig. 4), which
can remove breeding or nonbreeding individuals from popu-
lations (Ramsden 2003). Conversely, another study showed
a lack of a significant relationship between fledging success
and major road density, specifically the length of highways
within the home range of the owls (Hindmarch et al. 2014).
Further research is thus needed to better quantify the long-
term effects of roads and vehicle collisions on owls’ breed-
ing productivity at the population level.

We found only one study looking at the impact of roads
on physiological measures (Fig. 4). By examining the levels
of faecal corticosterone, Tempel and Gutiérrez (2004) tested
whether road proximity increased stress levels in Spotted
Owls Strix occidentalis and found no correlation between
the two.

Noise

Anthropogenic noise was the second most documented fac-
tor (n=11 studies), despite a markedly lower number of
studies compared to roads (Table 1, Fig. 4). In this case,
we identified a consistent and negative response of owls to
noise, with no indication of positive association by any spe-
cies (Fig. 4). Anthropogenic noise affected distribution in
most species (n="7, Fig. 4), as determined by acoustic moni-
toring surveys, which consistently revealed lower owl occur-
rence in sites with high noise pollution (Frohlich and Ciach
2018a, 2018b, 2019). Owls rely mainly on their hearing to
communicate and hunt (Knudsen and Konishi 1979; Martin
1986), so they are likely to select quieter areas to fulfil these
vital activities. Regarding hunting, we found two studies
that experimentally demonstrated how noise impairs hunt-
ing behaviour, in particular by lowering both prey detect-
ability and capture probability (Mason et al. 2016; Senzaki
et al. 2016). For example, when wild-caught Northern Saw-
whet Owls Aegolius acadius were exposed to anthropogenic
noise, the odds of them catching prey declined by 8% for
each dB increase in noise (Mason et al. 2016). In the wild,
populations of owls living in noisy urban environments or
near noisy roads are likely to experience lower hunting suc-
cess, affecting food supply to offspring and consequently
breeding success. However, this prediction needs further
investigation as we did not find any study relating noise pol-
lution to breeding success.
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Table 1 Owl species investigated with respect to roads, noise and
ALAN. For each species, the behavioural and ecological traits (meas-
ured traits) that have been studied in relation to these urban-related
sensory and risk factors are reported. Species have been reported by

following the taxonomic alphabetical order References are shown in
the rightmost column (see also Electronic Supplementary Material
Table for the full reference list associated with this table)

Species Factor ~ Association type Measured trait References
Northern Saw-whet Owl (Aegolius acadi-  Noise Negative Hunting behaviour Mason et al. (2016)
cus)
Burrowing Owl Roads  Positive Habitat use and selection ~ Plumpton and Lutz (1993), Poulin et al.
(Athene cunicularia) Roads  Positive Foraging (2005), Williford et al. (2009), Grif-
Roads  Negative Habitat use and selection fin et al. (2018), Bartok and Conway
Noise  Negative Habitat use and selection (2010), Wilkerson and Siegel (2010)
Noise Neutral Habitat use and selection ~ Plumpton (1992), Griffin et al. (2018),
ALAN Neutral Habitat use and selection Rodriguez et al. (2021)
ALAN Positive Habitat use and selection  Scobie et al. (2014)
Scobie et al. (2014)
Scobie et al. (2016)
Scobie et al. (2016)
Rodriguez et al. (2021)
Little Owl (Athene noctua) Roads  Negative Habitat use and selection ~ Zabala et al. (2006), Silva et al. (2012)
Noise Negative Presence and distribution  Frohlich and Ciach (2019)
Short-eared Owl (Asio flammeus) Roads  Positive Foraging Hager (2009)
Noise Negative Presence and distribution  Patén et al. (2012)
Noise Negative Hunting behaviour Senzaki et al. (2016)
Long-eared Owl (Asio otus) Roads  Positive Habitat use and selection  Galeotti et al. (1997)
Noise  Negative Presence and distribution  Frohlich and Ciach (2018a), Frohlich and
Noise  Negative Hunting behaviour Ciach (2019)
Senzaki et al. (2016)
Eagle Owl (Bubo bubo) Roads  Negative Habitat use and selection ~ Van Nieuland et al. (2018)
Great Horned Owl (Bubo virginianus) Roads  Positive Habitat use and selection ~ Smith et al. (1999)
Southern Boobook (Ninox boobook) Roads  Negative Habitat use and selection ~ Weaving et al. (2011)
Morepork (Ninox novaeseelandiae) ALAN Neutral Vocal behaviour McNaughton et al. (2021)
Powerful Owl (Ninox strenua) Roads  Negative Habitat use and selection ~ Bradsworth et al. (2021)
Scops Owl (Otus scops) Roads  Negative Habitat use and selection  Klein et al. (2020)
Tawny Owl (Strix aluco) Roads  Negative Habitat use and selection ~ Silva et al. (2012)
Roads  Negative Abundance van der Horst et al. (2019)
Noise Negative Presence and distribution  Frohlich and Ciach (2018b), Frohlich and
ALAN Negative Presence and distribution Ciach (2019)
Hanmer et al. (2021)
Great Grey Owl (Strix nebulosa) Roads  Positive Foraging Hager (2009)
Spotted Owl (Strix occidentalis) Roads  Neutral Physiology Tempel and Gutiérrez (2004)
Noise  Neutral Physiology Tempel and Gutiérrez (2003)
Ural Owl (Strix uralensis) Noise  Negative Presence and distribution  Frohlich and Ciach (2019)
Barred Owl (Strix varia) Roads  Positive Habitat use and selection ~ Dykstra et al. (2012), Gagné et al. (2015),
Roads  Positive Foraging Clément et al. (2021)
Hager (2009)
Mottled Owl (Strix virgata) Noise Negative Presence and distribution ~ Marin-Gomez et al. (2020)
Noise Neutral Vocal behaviour Marin-Goémez et al. (2020)
ALAN Negative Presence and distribution ~Marin-G6émez et al. (2020)
ALAN Neutral Vocal behaviour Marin-Gémez et al. (2020)
Barn Owl (Tyto alba) Roads  Positive Habitat use and selection  de Bruijn (1994), Hindmarch et al. (2017)
Roads  Negative Habitat use and selection ~ Ramsden (2003), Frey et al. (2011), Hind-
Roads  Neutral Breeding march et al. (2012)
Roads  Negative Breeding Hindmarch et al. (2014)
Noise Negative Presence and distribution Ramsden (2003)
Regan et al. (2018), Frohlich and Ciach
(2019)
Masked Owl (Tyto novaehollandiae) Roads  Positive Habitat use and selection  Kavanagh and Murray (1996)
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Fig.4 Barplot showing the number of owl species affected by roads, noise and ALAN based on the type of association (positive, negative and
neutral) and the measured behavioural and ecological traits. The number of studies for each factor and for each trait is shown in brackets

We found only one study (on Burrowing Owls, Scobie
et al. 2016) showing a case of no effect of noise expo-
sure on habitat use (Fig. 4). The unexpected result was
likely due to the limited presence of areas in the study
where owls could hear high-frequency sounds—those that
may impair hearing by masking prey sounds (Scobie et al.
2016). This suggests that considering sound frequencies
may be crucial when trying to assess the impact of noise
pollution on owls’ behaviour and habitat use. Also, given
the variability in the hearing system structures across owl
species (i.e. not all owls have the same degree of asym-
metry in their ear placement, Mikkola 2013), responses to
noise could be species-specific.

The impact of noise on owls’ vocal behaviour (n=1)
and physiology (n=1) was under-studied. In the two stud-
ies we found, the exposure to noise was not associated
with significant variations in either vocal outputs (Marin-
Gomez et al. 2020) or stress levels (Tempel and Gutiérrez
2003).

ALAN
The impact of artificial light at night (ALAN) on owls was

the least documented (n=35, Table 1). Unlike for noise, we
did not identify a consistent type of association, probably

due to the limited number of studies and the fact that those
few studies focused on different traits (Fig. 4).

We found a negative association between ALAN and
species presence for two owl species, Mottled Owl Strix
virgate (Marin-Goémez et al. 2020) and Tawny Owl Strix
aluco (Hanmer et al. 2021). This pattern is likely explained
by altered prey activity patterns due to ALAN. Some small
mammal species, such as Wood Mice, Apodemus sylvaticus
tend to reduce their activity when experimentally exposed to
ALAN, and, therefore, avoid lit areas (Spoelstra et al. 2015).
In turn, this may encourage owls to move to non-lit areas to
maximise hunting and foraging, especially small-mammal
specialists, such as the Mottled Owl and the Tawny Owl.
Conversely, other small mammal species, such as voles,
increase their space use under ALAN (Hoffmann et al. 2018,
2019), exposing them to higher predation risk. These con-
trasting responses in small mammals could be species-spe-
cific, or could depend on the type and intensity of artificial
light. Consequently, owls’ response to ALAN may depend
on how their prey species respond (Hanmer et al. 2021).

Interestingly, artificially illuminated sites appear to be
attractive for Burrowing Owls, which increase their space
use near streetlights to better find insects, whose availability
and abundance are greater near artificial lights (Rodriguez
et al. 2021). This suggests that owls’ positive association
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with ALAN is strongly dependent on their prey type and
foraging habits. However, a different result on the effects
of ALAN was found by Scobie et al. (2016) on the same
species (i.e. the Burrowing Owl); they did not detect any
attraction to artificial lights compared to other features of
the landscape. Further studies are needed to better under-
stand the relationship between owls’ habitat use, foraging
habits, and exposure to ALAN, as these interactions may be
influenced by prey availability and/or the type of artificial
light in the environment. Regarding the latter, one study spe-
cifically examined the impact of updating streetlights from
high-pressure sodium (HPS) to white light-emitting diode
(LED) lights. The authors found no evidence that this change
affected the vocal activity of the Morepork Ninox novaesee-
landiae (McNaughton et al. 2021). The absence of an effect
of ALAN on vocal behaviour was also supported by Marin-
Gomez et al. (2020).

We did not find any studies assessing the impact of differ-
ent types of ALAN on foraging habits or habitat use. In addi-
tion, similarly to noise, we point out the absence of research
on the impact of ALAN on owls’ breeding success. Further
studies in this direction are needed to understand how sen-
sory pollution affects owls’ fitness, which would help to bet-
ter address potential conservation measures.

Potential ecological traps for owls: current
insights and future directions

Ecological traps occur when animals preferentially select
habitats that appear suitable, but lead to lower fitness com-
pared to other available options (Hale and Swearer 2016).
Ecological traps are frequently linked to human-modified
landscapes, such as urban or agricultural areas, where novel
or misleading cues, such as artificial lighting or altered veg-
etation patterns, may attract animals to these suboptimal or
hazardous habitats. The population-level implications of
ecological traps can be severe, effectively turning affected
habitats into habitat sinks, where mortality exceeds pro-
ductivity (Robertson et al. 2013). By identifying the urban-
related sensory and risk factors affecting owls, this review
highlights that roads, along with associated features, such
as ALAN and noise, are important factors that may create
ecological traps near roads and in urban environments.

We found that many owls showed a positive association
with roads, places where they may forage and nest (Plump-
ton and Lutz 1993; Hager 2009; Rodriguez et al. 2021).
Roads may be perceived as ideal hunting grounds, both for
the high availability of perching sites (Meunier et al. 2000;
Dean and Milton 2003) and because roadside environments
(e.g. road verges) are rich in small mammals (Meunier et al.
1999; Bellamy et al. 2000; Hill et al. 2021), the main prey
for most owl species. The linear structure of road verges and
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the openness of the habitat further enhance the detectability
of prey, and the reduced vegetation cover limits the ability
of prey to hide, improving the success rate of owl hunting
attempts (Dean and Milton 2003). These features are fur-
ther enhanced in wider road verges, making them especially
attractive for raptors (Meunier et al. 2000). Thus, perch site
and small mammal abundance along verges significantly
contribute to road usage by owls, even though this attrac-
tion increases their risk of vehicle collisions (Meunier et al.
2000; Ascensao et al. 2012). Indeed, we found that roads
increase the risk of mortality for a large number of owl spe-
cies (n=23).

On the other hand, owls tend to avoid major roads in par-
ticular. Because these roads present higher levels of traf-
fic volumes and thus higher traffic noise emissions, owls
may use them sporadically to hunt but usually do not set-
tle close to them (i.e. for nesting). High traffic noise likely
impairs hunting success in owls (Silva et al. 2012; Senzaki
et al. 2016). Intra-specific communication, which in owls
is vital for claiming and defending territories, may also be
negatively affected by traffic noise, further decreasing their
attractiveness as habitats (Prichova et al. 2024).

Given their lower traffic volume, minor roads (i.e. second-
ary and tertiary roads) may be more attractive to owls. How-
ever, van der Horst et al. (2019) suggest that secondary roads
could also function as ecological traps, posing a mortality
risk by attracting individuals unable to establish territories
in higher-quality habitats farther from major roads.

ALAN (from streetlights, artificially illuminated road
signs and other traffic infrastructure) often coincides with
noise pollution along roads. This combination likely influ-
ences the attractiveness of roadside habitats, either enhanc-
ing or diminishing their appeal to wildlife. The presence
of ALAN can indeed attract prey such as insects, which,
in turn, attract owls with an insect-based diet (Rodriguez
et al. 2021). Owls that prey upon bats (e.g. Lesiriski et al.
2009) may also exploit ALAN from streetlights to catch bats
that in turn hunt insects near streetlights (Rydell 1992). This
predator—prey dynamic influenced by ALAN needs further
investigation on multiple trophic levels to better understand
how sensory pollution shapes prey and predator behaviour.

Prey availability appears to play a crucial role in shaping
the use of urban environments by owls. The abundance and
behaviour of prey species are likely key factors influencing
how strongly owls are attracted to roads, thereby impacting
their risk of collisions with vehicles on roads. Changes in the
activity or distribution of prey species (e.g. small mammals
and insects) due to noise, ALAN or road design features can
serve as valuable predictors of owl use of roadside areas.
These changes could help anticipate areas of higher collision
risk and inform mitigation strategies.

Future studies on prey response to urban factors, such
as noise and ALAN, will contribute to our understanding
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of predator—prey dynamics in roadside environments. The
mixed responses of owls to noise and ALAN suggest that the
impact of roads may vary by species and depend on specific
characteristics of these disturbances (e.g. noise frequency
and amplitude, light type and intensity). The Burrowing
Owl, with its attraction to roads and streetlights for nesting
and foraging, but avoidance of noisy areas, provides an ideal
model system to investigate how roads may act as ecological
traps under varying levels of noise and ALAN. However,
knowing whether a landscape is an ecological trap or not
will require investigation of both mortality and reproduction/
recruitment to the population.

In addition to prey availability, prey quality may also
play a critical role in shaping ecological trap dynamics near
roads. In our literature search, we found that rodenticides
represent a relevant risk factor for owls, and rodenticides’
widespread use in urban environments could result in poi-
soned prey being accessible to predators. Owls foraging in
roadside habitats may, therefore, experience reduced fitness
through secondary poisoning following prey consumption.
Sublethal exposure to ARs can for example impair physi-
ological function and behaviours (e.g. the ability to fly), but
lethal exposure directly increases mortality risk (Lohr 2018).
In some cases, owls killed along roads have tested positive
for ARs, leading to the possibility that ARs-related effects
may make owls less reactive and more likely to be hit by
vehicles when hunting near roads (Hindmarch et al. 2017).
Therefore, areas near roads may function as ecological traps
despite apparently suitable foraging conditions.

Furthermore, the interplay between noise and ALAN
might alter hunting strategies of owls in terms of switching
prey type or using different sensory cues. For example, in
noisy, but lit areas, owls may adapt by relying more on visual
hunting to increase hunting success, especially towards prey
types that expand their activity times into the night due to
the presence of ALAN (e.g. passerines, Kempenaers et al.
2010; Dominoni et al. 2013). However, this shift to visual
hunting strategies in the vicinity of roads might make owls
less reliant on auditory cues in general and thus less aware
of the surrounding environmental noise, such as vehicle traf-
fic. This could expose them to higher collision risks with
vehicles (Shonfield and Bayne 2017).

Finally, comparing the fitness of owls breeding near roads
with those breeding at greater distances would provide a
better understanding of whether road-adjacent environments
function as ecological traps. Roads are usually considered
ecological traps because of the frequent occurrence of colli-
sions with vehicles, which can remove breeding individuals
from populations, thus affecting population-level breeding
success and adult survival (Bujoczek et al. 2011; Bishop
and Brogan 2013). Collisions with vehicles on roads can
also substantially reduce juvenile recruitment into popula-
tions (Hernandez 1988). However, it is largely unknown how

the breeding productivity and demography of different owl
populations may vary based on proximity to roads. In addi-
tion, to date no studies have conducted such a comparison
accounting for the effect of sensory pollution. Such investi-
gations would help researchers and conservation managers
better mitigate when ecological traps are present (Hale and
Swearer 2016).

Conclusions and new research avenues

In this review, we have synthesized the current knowledge
on urban-related sensory and risk factors affecting owls on
a global scale, focusing on how roads and sensory pollut-
ants influence owls’ behavioural and ecological traits. We
found that this noise and ALAN can affect owl behaviour
and ecology, potentially modulating prey use of roads, and
possibly turning these areas near roads into ecological traps.
The severity of impacts likely depends on the intensity and
type of anthropogenic noise and artificial lights occur-
ring alongside roads. However, most research has focused
on the northern hemisphere, and more studies are needed
from outside North America and the global south (McPher-
son et al. 2021), where urbanisation is rapidly expanding
(Myers 2021). Promisingly, recent studies published after
the timeframe of this review have started to fill this geo-
graphical gap, advancing our understanding of owl responses
to urban-related sensory and risk factors globally. These
include studies from Australia (e.g. exposure to rodenticide
poisoning, Cooke et al. 2023; impacts of roads, Carter et al.
2025), South America (e.g. breeding performance in urban
areas, Cavalli et al. 2023), eastern Asia (e.g. vehicle colli-
sion assessment, Gao et al. 2025), and southern Africa (e.g.
human perceptions of owls, Buthelezi et al. 2025).

Despite growing interest, much remains unknown about
the effects of urban-related sensory and risk factors on owls,
and experimental studies are particularly scarce. Light pollu-
tion is the least explored urban factor in owl research. New
research should focus on whether and how ALAN affects
nocturnal predators, especially resident species exposed to
continuous ALAN and how they adapt to this novel envi-
ronmental change. Moreover, studies on human perceptions
of owls and how they influence human-owl interactions in
urban settings would benefit conservation efforts, especially
in regions where superstitions still affect owl conservation
(Ogada and Kibuthu 2008; Bontzorlos et al. 2023; Buthelezi
et al. 2025).

Ultimately, roads and sensory pollutants are important
factors affecting owl behaviour and ecology, primarily shap-
ing their occurrence and habitat use patterns. Future research
should explore the interactive effects of roads, noise, and
ALAN on owl movements and prey use of roads, to deter-
mine how these sensory cues influence owls’ foraging and
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the risks they face. Investigating how prey species respond
to these factors will also be crucial in understanding the
broader ecological dynamics. These new research avenues
will help guide effective conservation strategies for owls in
urban environments.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10336-026-02406-4.

Acknowledgements This work was supported by the UK Natural Envi-
ronment Research Council via an IAPETUS2 PhD studentship held by
GO (grant reference NE/S007431/1). We are also very grateful for the
comments and suggestions provided by the anonymous reviewers that
improved the quality of this article.

Author contributions GO and DMD contributed to the study concep-
tion and design. GO performed the literature search, processed the
data and wrote the first draft of the article. All authors critically com-
mented and revised the article. All authors approved all the sections
of the article.

Funding This work was supported by the UK Natural Environment
Research Council via an IAPETUS2 PhD studentship held by GO
(grant reference NE/S007431/1).

Data availability The data collected from the literature review and
used for this article can be accessed at https://github.com/beppe96/
Owls-Review.git.

Code availability The R code used to process the data for this article
can be accessed at https://github.com/beppe96/Owls-Review.git.

Declarations

Conflict of interest The authors declare that they have no competing
interests that are relevant to the content of this article.

Ethical approval Not applicable.
Consent to participate Not applicable.

Consent for publication Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Almasi B, Béziers P, Roulin A, Jenni L (2015) Agricultural land use and
human presence around breeding sites increase stress-hormone

@ Springer

levels and decrease body mass in barn owl nestlings. Oecologia
179:89-101. https://doi.org/10.1007/s00442-015-3318-2

Antrop M (2000) Changing patterns in the urbanized countryside of
Western Europe. Landsc Ecol 15:257-270. https://doi.org/10.
1023/A:1008151109252

Ascensao F, Clevenger AP, Grilo C, Filipe J, Santos-Reis M (2012)
Highway verges as habitat providers for small mammals in
agrosilvopastoral environments. Biodivers Conserv 21:3681—
3697. https://doi.org/10.1007/s10531-012-0390-3

Bartok ND, Conway CJ (2010) Factors affecting the presence of nest-
ing Burrowing Owls in an agricultural landscape. J Raptor Res
44:286-293. https://doi.org/10.3356/JRR-10-06.1

Bellamy PE, Shore RF, Ardeshir D, Treweek JR, Sparks TH (2000)
Road verges as habitat for small mammals in Britain. Mamm Rev
30:131-139. https://doi.org/10.1046/j.1365-2907.2000.00061.x

Bishop CA, Brogan JM (2013) Estimates of Avian Mortality Attributed
to Vehicle Collisions in Canada Estimation de la mortalité aviaire
attribuable aux collisions automobiles au Canada. Avian Conserv
Ecol 8:2. https://doi.org/10.5751/ACE-00604-080202

Boal CW, Dykstra CR (eds) (2018) Urban raptors: ecology and con-
servation of birds of prey in cities. Island Press

Boal CW, Mannan RW (1999) Comparative breeding ecology of Coop-
er’s hawks in urban and exurban areas of southeastern Arizona. J
Wildl Manag 63:77-84. https://doi.org/10.2307/3802488

Bontzorlos VA, Johnson DH, Poirazidis K, Roulin A (2023) Owl sym-
bolism in Greek civilization over the last 5000 years: social per-
ceptions and implications for conservation. Eur Zool J 90:691—
707. https://doi.org/10.1080/24750263.2023.2254823

Botsch Y, Tablado Z, Scherl D, Kéry M, Graf RF, Jenni L (2018) Effect
of recreational trails on forest birds: human presence matters.
Front Ecol Evol 6:175. https://doi.org/10.3389/fevo.2018.00175

Bradsworth N, White JG, Rendall AR, Carter N, Cooke R (2021)
Where to sleep in the city? How urbanisation impacts roost-
ing habitat availability for an apex predator. Glob Ecol Conserv
26:01494. https://doi.org/10.1016/j.gecco.2021.e01494

van den Brink V, Dolivo V, Falourd X, Dreiss AN, Roulin A (2012)
Melanic color-dependent antipredator behavior strategies in barn
owl nestlings. Behav Ecol 23:473—480. https://doi.org/10.1093/
beheco/arr213

Bujoczek M, Ciach M, Yosef R (2011) Road-kills affect avian popu-
lation quality. Biol Conserv 144:1036—1039. https://doi.org/10.
1016/j.biocon.2010.12.022

Buthelezi L, Maseko MS, Magoso S, Downs CT (2025) Exploring
public perceptions of owl species in KwaZulu-Natal, South
Africa: implications for conservation management. J Ethnobiol
Ethnomed 21:76. https://doi.org/10.1186/s13002-025-00826-9

Carrete M, Tella JL (2017) Behavioral correlations associated with
fear of humans differ between rural and urban Burrowing Owls.
Front Ecol Evol 5:54. https://doi.org/10.3389/fevo.2017.00054

Carter N, White JG, Bridgeman W, Bradsworth N, Cooke R (2025)
How did the owl cross the road? Movement patterns and behav-
iour of a threatened apex predator. Biol Conserv 307:111157.
https://doi.org/10.1016/j.biocon.2025.111157

Cauli F, Galeotti P, Genero F (eds) (2022) Rapaci d’Italia e d’Europa -
2. Notturni (in Italian). 412 pp. Edizioni Belvedere, Italy. ISBN:
978-88-89504-70-3

Cavalli M, Baladrén AV, Isacch JP, Biondi LM, B6 MS (2016) Dif-
ferential risk perception of rural and urban Burrowing Owls
exposed to humans and dogs. Behav Process 124:60-65. https://
doi.org/10.1016/j.beproc.2015.12.006

Cavalli M, Baladrén AV, B6 MS, Isacch JP (2023) Owls and the city:
the breeding performance of burrowing owls Athene cunicularia
is better in urban than in rural areas. Ardeola 71:81-100. https://
doi.org/10.13157/arla.71.1.2024.ra5

Clément MA, Barrett K, Baldwin RF, Bodinof Jachowski CM, Carter
A, Brinker D (2021) An unexpected backyard hunter: breeding


https://doi.org/10.1007/s10336-026-02406-4
https://github.com/beppe96/Owls-Review.git
https://github.com/beppe96/Owls-Review.git
https://github.com/beppe96/Owls-Review.git
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00442-015-3318-2
https://doi.org/10.1023/A:1008151109252
https://doi.org/10.1023/A:1008151109252
https://doi.org/10.1007/s10531-012-0390-3
https://doi.org/10.3356/JRR-10-06.1
https://doi.org/10.1046/j.1365-2907.2000.00061.x
https://doi.org/10.5751/ACE-00604-080202
https://doi.org/10.2307/3802488
https://doi.org/10.1080/24750263.2023.2254823
https://doi.org/10.3389/fevo.2018.00175
https://doi.org/10.1016/j.gecco.2021.e01494
https://doi.org/10.1093/beheco/arr213
https://doi.org/10.1093/beheco/arr213
https://doi.org/10.1016/j.biocon.2010.12.022
https://doi.org/10.1016/j.biocon.2010.12.022
https://doi.org/10.1186/s13002-025-00826-9
https://doi.org/10.3389/fevo.2017.00054
https://doi.org/10.1016/j.biocon.2025.111157
https://doi.org/10.1016/j.beproc.2015.12.006
https://doi.org/10.1016/j.beproc.2015.12.006
https://doi.org/10.13157/arla.71.1.2024.ra5
https://doi.org/10.13157/arla.71.1.2024.ra5

Journal of Ornithology

barred owls exhibit plasticity in habitat selection along a devel-
opment gradient. Urban Ecosyst 24:175-186. https://doi.org/10.
1007/s11252-020-01031-0

Cooke R, Whiteley P, Death C, Weston MA, Carter N, Scammell K,
Yokochi K, Nguyen H, White JG (2023) Silent killers? The wide-
spread exposure of predatory nocturnal birds to anticoagulant
rodenticides. Sci Total Environ 904:166293. https://doi.org/10.
1016/j.scitotenv.2023.166293

Cooper DS, Shultz AJ, Sekercioglu CH, Osborn FM, Blumstein DT
(2022) Community science data suggest the most common rap-
tors (Accipitridae) in urban centres are smaller, habitat-general-
ist species. Ibis 164:771-784. https://doi.org/10.1111/ibi.13047

Cox DT, Sanchez de Miguel A, Dzurjak SA, Bennie J, Gaston KJ
(2020) National scale spatial variation in artificial light at night.
Remote Sens 12:1591. https://doi.org/10.3390/rs12101591

Crooks KR, Suarez AV, Bolger DT (2004) Avian assemblages along a
gradient of urbanization in a highly fragmented landscape. Biol
Conserv 115:451-462. https://doi.org/10.1016/S0006-3207(03)
00162-9

Da Silva A, van den Brink V, Emaresi G, Luzio E, Bize P, Dreiss AN,
Roulin A (2013) Melanin-based colour polymorphism signals
aggressive personality in nest and territory defence in the tawny
owl (Strix aluco). Behav Ecol Sociobiol 67:104—-1052. https://
doi.org/10.1007/s00265-013-1529-2

de Bruijn O (1994) Population ecology and conservation of the barn
owl Tyto alba in farmland habitats in Liemers and Achterhoek
(The Netherlands). Ardea 82:1-109

Dean WRIJ, Milton SJ (2003) The importance of roads and road verges
for raptors and crows in the Succulent and Nama-Karoo, South
Africa. Ostrich 74:181-186. https://doi.org/10.2989/0030652030
9485391

Demajo MA, Cveti¢anin J, Stoiljkovi¢ M, Trpkov D, Andri¢ V, Onjia
A, Neskovi¢ O (2011) Detection of elements and radioactivity
in pellets from long-eared owls (Asio otus) inhabiting the city of
Belgrade (Serbia). Chem Ecol 27:393—-400. https://doi.org/10.
1080/02757540.2011.607440

Dominoni DM, Helm B, Lehmann M, Dowse HB, Partecke J (2013)
Clocks for the city: circadian differences between forest and city
songbirds. Proc R Soc B Biol Sci 280:20130593. https://doi.org/
10.1098/rspb.2013.0593

Dykstra CR, Simon MM, Daniel FB, Hays JL (2012) Habitats of sub-
urban barred owls (strix varia) and red-shouldered hawks (buteo
lineatus) in southwestern ohiol. J Raptor Res 46:190-200.
https://doi.org/10.3356/JRR-11-05.1

Ellis-Soto D, Oliver RY, Brum-Bastos V, Dems$ar U, Jesmer B,
Long JA, Cagnacci F, Ossi F, Queiroz N, Hindell M, Kays R,
Loretto M-C, Mueller T, Patchett R, Sims DW, Tucker MA,
Ropert-Coudert Y, Rutz C, Jetz W (2023) A vision for incor-
porating human mobility in the study of human-wildlife inter-
actions. Nat Ecol Evol 7:1362-1372. https://doi.org/10.1038/
$41559-023-02125-6

Espin S, Martinez-Lépez E, Ledn-Ortega M, Martinez JE, Garcia-
Fernandez AJ (2014) Oxidative stress biomarkers in Eurasian
eagle owls (Bubo bubo) in three different scenarios of heavy
metal exposure. Environ Res 131:134-144. https://doi.org/10.
1016/j.envres.2014.03.015

Eulaers I, Jaspers VL, Pinxten R, Covaci A, Eens M (2014) Legacy
and current-use brominated flame retardants in the barn owl. Sci
Total Environ 472:454-462. https://doi.org/10.1016/j.scitotenv.
2013.11.054

Francis CD, Paritsis J, Ortega CP, Cruz A (2011) Landscape patterns
of avian habitat use and nest success are affected by chronic gas
well compressor noise. Landsc Ecol 26:1269-1280. https://doi.
0rg/10.1007/s10980-011-9609-z

Frey C, Sonnay C, Dreiss A, Roulin A (2011) Habitat, breed-
ing performance, diet and individual age in Swiss barn owls
(Tyto alba). J Ornithol 152:279-290. https://doi.org/10.1007/
$10336-010-0579-8

Frohlich A, Ciach M (2018a) Noise pollution and decreased size of
wooded areas reduces the probability of occurrence of tawny owl
Strix aluco. Ibis 160:634—-646. https://doi.org/10.1111/ibi.12554

Frohlich A, Ciach M (2018b) Noise shapes the distribution pattern of
an acoustic predator. Curr Zool 64:575-583. https://doi.org/10.
1093/cz/zox061

Frohlich A, Ciach M (2019) Nocturnal noise and habitat homogeneity
limit species richness of owls in an urban environment. Envi-
ron Sci Pollut Res 26:17284-17291. https://doi.org/10.1007/
s11356-019-05063-8

Gagné SA, Bates JL, Bierregaard RO (2015) The effects of road and
landscape characteristics on the likelihood of a barred owl (strix
varia)-vehicle collision. Urban Ecosyst 18:1007—-1020. https://
doi.org/10.1007/s11252-015-0465-5

Galeotti P, Tavecchia G, Bonetti A (1997) Home-range and habitat use
of long-eared owls in open farmland (Po Plain, Northern Italy),
in relation to prey availability. J Wildl Res 2:137-145

Gao F, Shi Y, LiJ, Lun M, Liu Z, Wang Y et al (2025) Causes of owls
admission to the wildlife rescue centre in Beijing (China) from
2006-2022. Pakistan J Zool. https://doi.org/10.17582/journal.
pjz/20241016065923

Geschke A, James S, Bennett AF, Nimmo DG (2018) Compact cities
or sprawling suburbs? Optimising the distribution of people in
cities to maximise species diversity. J Appl Ecol 55:2320-2331.
https://doi.org/10.1111/1365-2664.13183

Griffin E, Desmond M, VanLeeuwen D (2018) Juvenile burrowing
owl nighttime space-use in Southern New Mexico. J Raptor Res
52:158-166. https://doi.org/10.3356/JRR-17-10.1

Hager SB (2009) Human-related threats to urban raptors. ] Raptor Res
43:210-226. https://doi.org/10.3356/JRR-08-63.1

Hale R, Swearer SE (2016) Ecological traps: current evidence and
future directions. Proc R Soc B Biol Sci 283:20152647. https://
doi.org/10.1098/rspb.2015.2647

Hanmer HJ, Boothby C, Toms MP, Noble DG, Balmer DE (2021)
Large-scale citizen science survey of a common nocturnal raptor:
urbanization and weather conditions influence the occupancy and
detectability of the tawny owl Strix aluco. Bird Study 68:233—
244. https://doi.org/10.1080/00063657.2021.2019188

Harper MJ, McCarthy MA, van der Ree R (2005) The abundance of
hollow-bearing trees in urban dry sclerophyll forest and the effect
of wind on hollow development. Biol Conserv 122:181-219.
https://doi.org/10.1016/j.biocon.2004.07.003

Headland T, Colombelli-Négrel D, Callaghan CT, Sumasgutner SC,
Kleindorfer S, Sumasgutner P (2023) Smaller Australian raptors
have greater urban tolerance. Sci Rep 13:11559. https://doi.org/
10.1038/s41598-023-38493-7

Hernandez M (1988) Owl (Athene noctua) in Spain. J Raptor Res
22:81-84

Hill JE, DeVault TL, Belant JL (2021) A review of ecological fac-
tors promoting road use by mammals. Mamm Rev 51:214-227.
https://doi.org/10.1111/mam.12222

Hindmarch S, Krebs EA, Elliott JE, Green DJ (2012) Do landscape fea-
tures predict the presence of barn owls in a changing agricultural
landscape?. Landsc Urban Plan 107:255-262. https://doi.org/10.
1016/j.1andurbplan.2012.06.010

Hindmarch S, Krebs EA, Elliott J, Green DJ (2014) Urban develop-
ment reduces fledging success of barn owls in British Colum-
bia, Canada. Condor 116:507-517. https://doi.org/10.1650/
CONDOR-13-052.1

Hindmarch S, Elliott JE, Mccann S, Levesque P (2017) Habitat use by
barn owls across a rural to urban gradient and an assessment of

@ Springer


https://doi.org/10.1007/s11252-020-01031-0
https://doi.org/10.1007/s11252-020-01031-0
https://doi.org/10.1016/j.scitotenv.2023.166293
https://doi.org/10.1016/j.scitotenv.2023.166293
https://doi.org/10.1111/ibi.13047
https://doi.org/10.3390/rs12101591
https://doi.org/10.1016/S0006-3207(03)00162-9
https://doi.org/10.1016/S0006-3207(03)00162-9
https://doi.org/10.1007/s00265-013-1529-2
https://doi.org/10.1007/s00265-013-1529-2
https://doi.org/10.2989/00306520309485391
https://doi.org/10.2989/00306520309485391
https://doi.org/10.1080/02757540.2011.607440
https://doi.org/10.1080/02757540.2011.607440
https://doi.org/10.1098/rspb.2013.0593
https://doi.org/10.1098/rspb.2013.0593
https://doi.org/10.3356/JRR-11-05.1
https://doi.org/10.1038/s41559-023-02125-6
https://doi.org/10.1038/s41559-023-02125-6
https://doi.org/10.1016/j.envres.2014.03.015
https://doi.org/10.1016/j.envres.2014.03.015
https://doi.org/10.1016/j.scitotenv.2013.11.054
https://doi.org/10.1016/j.scitotenv.2013.11.054
https://doi.org/10.1007/s10980-011-9609-z
https://doi.org/10.1007/s10980-011-9609-z
https://doi.org/10.1007/s10336-010-0579-8
https://doi.org/10.1007/s10336-010-0579-8
https://doi.org/10.1111/ibi.12554
https://doi.org/10.1093/cz/zox061
https://doi.org/10.1093/cz/zox061
https://doi.org/10.1007/s11356-019-05063-8
https://doi.org/10.1007/s11356-019-05063-8
https://doi.org/10.1007/s11252-015-0465-5
https://doi.org/10.1007/s11252-015-0465-5
https://doi.org/10.17582/journal.pjz/20241016065923
https://doi.org/10.17582/journal.pjz/20241016065923
https://doi.org/10.1111/1365-2664.13183
https://doi.org/10.3356/JRR-17-10.1
https://doi.org/10.3356/JRR-08-63.1
https://doi.org/10.1098/rspb.2015.2647
https://doi.org/10.1098/rspb.2015.2647
https://doi.org/10.1080/00063657.2021.2019188
https://doi.org/10.1016/j.biocon.2004.07.003
https://doi.org/10.1038/s41598-023-38493-z
https://doi.org/10.1038/s41598-023-38493-z
https://doi.org/10.1111/mam.12222
https://doi.org/10.1016/j.landurbplan.2012.06.010
https://doi.org/10.1016/j.landurbplan.2012.06.010
https://doi.org/10.1650/CONDOR-13-052.1
https://doi.org/10.1650/CONDOR-13-052.1

Journal of Ornithology

stressors including, habitat loss, rodenticide exposure and road
mortality. Landsc Urban Plan 164:132-143. https://doi.org/10.
1016/j.Jandurbplan.2017.04.003

Hoffmann J, Palme R, Eccard JA (2018) Long-term dim light during
nighttime changes activity patterns and space use in experimental
small mammal populations. Environ Pollut 238:844-851. https://
doi.org/10.1016/j.envpol.2018.03.107

Hoffmann J, Schirmer A, Eccard JA (2019) Light pollution affects
space use and interaction of two small mammal species irrespec-
tive of personality. BMC Ecol 19:1-11. https://doi.org/10.1186/
$12898-019-0241-0

Hoffmann EM, Schareika N, Dittrich C, Schlecht E, Sauer D, Buerkert
A (2023) Rurbanity: a concept for the interdisciplinary study of
rural-urban transformation. Sustain Sci 18:1739-1753. https://
doi.org/10.1007/s11625-023-01331-2

Isaac B, White J, Ierodiaconou D, Cooke R (2013) Response of a cryp-
tic apex predator to a complete urban to forest gradient. Wildl
Res 40:427-436. https://doi.org/10.1071/WR13087

Isaac B, Cooke R, Ierodiaconou D, White J (2014) Does urbaniza-
tion have the potential to create an ecological trap for powerful
owls (Ninox strenua)? Biol Conserv 176:1-11. https://doi.org/
10.1016/j.biocon.2014.04.013

Kavanagh RP, Murray M (1996) Home range, habitat and behaviour
of the masked owl Tyto novaehollandiae near Newcastle, New
South Wales. Emu 96:250-257. https://doi.org/10.1071/MU996
0250

Kempenaers B, Borgstrom P, Loés P, Schlicht E, Valcu M (2010) Arti-
ficial night lighting affects dawn song, extra-pair siring success,
and lay date in songbirds. Curr Biol 20:1735-1739. https://doi.
org/10.1016/j.cub.2010.08.028

Kettel EF, Gentle LK, Quinn JL, Yarnell RW (2018) The breed-
ing performance of raptors in urban landscapes: a review and
meta-analysis. J Ornithol 159:1-18. https://doi.org/10.1007/
$10336-017-1497-9

Kitowski I (2011) Civil and military birdstrikes in Europe: an orni-
thological approach. J Appl Sci 11:183-191. https://doi.org/10.
3923/jas.2011.183.191

Klein A, Szentirmai I, Dobos Z, Laczi M (2020) Analysis of landscape
structure, habitat selection and urbanisation in edge populations
of scops owls in Central Europe. Ornis Hung 28:24-36. https://
doi.org/10.2478/orhu-2020-0015

Knudsen EI, Konishi M (1979) Mechanisms of sound localization in
the barn owl (Tyto alba). ] Comp Physiol 133:13-21. https://doi.
org/10.1007/BF00663106

Konig C, Weick F (eds) (2008) Owls of the world. A&C Black. Yale
University Press. ISBN: 0713665483

Konishi M (1973) How the owl tracks its prey: experiments with
trained barn owls reveal how their acute sense of hearing enables
them to catch prey in the dark. Am Sci 61:414-424

Lehman RN, Kennedy PL, Savidge JA (2007) The state of the art in
raptor electrocution research: a global review. Biol Conserv
136:159-174. https://doi.org/10.1016/j.biocon.2006.09.015

Lesinski G, Gryz J, Kowalski M (2009) Bat predation by tawny owls
Strix aluco in differently human-transformed habitats. Ital J Zool
76:415-421. https://doi.org/10.1080/11250000802589535

Lohr MT (2018) Anticoagulant rodenticide exposure in an Australian
predatory bird increases with proximity to developed habitat.
Sci Total Environ 643:134-144. https://doi.org/10.1016/j.scito
tenv.2018.06.207

Marchesi L, Sergio F, Pedrini P (2002) Costs and benefits of breed-
ing in human-altered landscapes for the Eagle Owl Bubo bubo.
Ibis 144:E164-E177. https://doi.org/10.1046/j.1474-919X.2002.
t01-2-00094_2.x

Marin-Gémez OH, Garcia-Arroyo M, Sanchez-Sarria CE, Sosa-
Lépez JR, Santiago-Alarcon D, MacGregor-Fors I (2020)
Nightlife in the city: drivers of the occurrence and vocal activity

@ Springer

of a tropical owl. Avian Res 11:1-14. https://doi.org/10.1186/
s40657-020-00197-7

Martin GR (1986) Sensory capacities and the nocturnal habit of owls
(Strigiformes). Ibis 128:266-277. https://doi.org/10.1111/j.1474-
919X.1986.tb02674.x

Martinez JA, Martinez JE, Manosa S, Zuberogoitia I, Calvo JF (2006)
How to manage human-induced mortality in the Eagle Owl Bubo
bubo. Bird Conserv Int 16:265-278. https://doi.org/10.1017/
50959270906000402

Mason JT, McClure CJ, Barber JR (2016) Anthropogenic noise impairs
owl hunting behavior. Biol Conserv 199:29-32. https://doi.org/
10.1016/j.biocon.2016.04.009

McClure CJW, Westrip JRS, Johnson JA, Schulwitz SE, Virani MZ,
Davies R, Symes A, Wheatley H, Thorstrom R, Amar A, Buijj
R, Jones VR, Williams NP, Buechley ER, Butchart SHM (2018)
State of the world’s raptors: distributions, threats, and conserva-
tion recommendations. Biol Conserv 227:390-402. https://doi.
org/10.1016/j.biocon.2018.08.012

McDonald RI, Kareiva P, Forman RT (2008) The implications of cur-
rent and future urbanization for global protected areas and biodi-
versity conservation. Biol Conserv 141:1695-1703. https://doi.
org/10.1016/j.biocon.2008.04.025

McKinney ML (2002) Urbanization, biodiversity, and conservation
the impacts of urbanization on native species are poorly stud-
ied, but educating a highly urbanized human population about
these impacts can greatly improve species conservation in all
ecosystems. Bioscience 52:883-890. https://doi.org/10.1641/
0006-3568(2002)052[0883:UBAC]2.0.CO;2

McPherson SC, Sumasgutner P, Downs CT (2021) South African rap-
tors in urban landscapes: a review. Ostrich 92:41-57. https://doi.
org/10.2989/00306525.2021.1900942

McNaughton EJ, Beggs JR, Gaston KJ, Jones DN, Stanley MC (2021)
Retrofitting streetlights with LEDs has limited impacts on urban
wildlife. Biol Conserv 254:108944. https://doi.org/10.1016/].
biocon.2020.108944

Meunier FD, Corbin J, Verheyden C, Jouventin P (1999) Effects of
landscape type and extensive management on use of motorway
roadsides by small mammals. Can J Zool 77:108-117. https://
doi.org/10.1139/298-203

Meunier FD, Verheyden C, Jouventin P (2000) Use of roadsides by
diurnal raptors in agricultural landscapes. Biol Conserv 92:291-
298. https://doi.org/10.1016/S0006-3207(99)00094-4

Mikkola H (ed) (2013) Owls of the world: a photographic guide. A&C
Black. ISBN: 1472905938

Milliet E, Schalcher K, Grangier-Bijou A, Almasi B, Butera F, Rou-
lin A (2024) The effects of land use changes on site occupancy
and breeding success of the barn owl (7yto alba) from 1993 to
2020. Glob Ecol Conserv 52:¢02988. https://doi.org/10.1016/j.
gecco.2024.e02988

Myers G (2021) Urban Ecology in the Global South. In Urban Ecol-
ogy in the Global South. pp. 27-49. Cham: Springer Interna-
tional Publishing. ISBN: 3030676501

Moroni E, Crivelaro AZ, Soares TL, Guillermo-Ferreira R (2017)
Increased behavioural responses to human disturbance in
breeding burrowing owls Athene cunicularia. Ibis 159:854—
859. https://doi.org/10.1111/ibi.12513

Natsukawa H, Sergio F (2022) Top predators as biodiversity indica-
tors: a meta-analysis. Ecol Lett 25:2062-2075. https://doi.org/
10.1111/ele.14077

Natsukawa H, Yuasa H, Komuro S, Sergio F (2021) Raptor breeding
sites indicate high plant biodiversity in urban ecosystems. Sci
Rep 11:21139. https://doi.org/10.1038/s41598-021-00556-4

Natsukawa H, Yuasa H, Sutton LJ, Amano H, Haga M, Itaya H,
Kawashima H, Komuro S, Konno T, Mori K, Onagi M, Ich-
inose T, Sergio F (2023) Utilizing a top predator to prioritize


https://doi.org/10.1016/j.landurbplan.2017.04.003
https://doi.org/10.1016/j.landurbplan.2017.04.003
https://doi.org/10.1016/j.envpol.2018.03.107
https://doi.org/10.1016/j.envpol.2018.03.107
https://doi.org/10.1186/s12898-019-0241-0
https://doi.org/10.1186/s12898-019-0241-0
https://doi.org/10.1007/s11625-023-01331-2
https://doi.org/10.1007/s11625-023-01331-2
https://doi.org/10.1071/WR13087
https://doi.org/10.1016/j.biocon.2014.04.013
https://doi.org/10.1016/j.biocon.2014.04.013
https://doi.org/10.1071/MU9960250
https://doi.org/10.1071/MU9960250
https://doi.org/10.1016/j.cub.2010.08.028
https://doi.org/10.1016/j.cub.2010.08.028
https://doi.org/10.1007/s10336-017-1497-9
https://doi.org/10.1007/s10336-017-1497-9
https://doi.org/10.3923/jas.2011.183.191
https://doi.org/10.3923/jas.2011.183.191
https://doi.org/10.2478/orhu-2020-0015
https://doi.org/10.2478/orhu-2020-0015
https://doi.org/10.1007/BF00663106
https://doi.org/10.1007/BF00663106
https://doi.org/10.1016/j.biocon.2006.09.015
https://doi.org/10.1080/11250000802589535
https://doi.org/10.1016/j.scitotenv.2018.06.207
https://doi.org/10.1016/j.scitotenv.2018.06.207
https://doi.org/10.1046/j.1474-919X.2002.t01-2-00094_2.x
https://doi.org/10.1046/j.1474-919X.2002.t01-2-00094_2.x
https://doi.org/10.1186/s40657-020-00197-7
https://doi.org/10.1186/s40657-020-00197-7
https://doi.org/10.1111/j.1474-919X.1986.tb02674.x
https://doi.org/10.1111/j.1474-919X.1986.tb02674.x
https://doi.org/10.1017/S0959270906000402
https://doi.org/10.1017/S0959270906000402
https://doi.org/10.1016/j.biocon.2016.04.009
https://doi.org/10.1016/j.biocon.2016.04.009
https://doi.org/10.1016/j.biocon.2018.08.012
https://doi.org/10.1016/j.biocon.2018.08.012
https://doi.org/10.1016/j.biocon.2008.04.025
https://doi.org/10.1016/j.biocon.2008.04.025
https://doi.org/10.1641/0006-3568(2002)052[0883:UBAC]2.0.CO;2
https://doi.org/10.1641/0006-3568(2002)052[0883:UBAC]2.0.CO;2
https://doi.org/10.2989/00306525.2021.1900942
https://doi.org/10.2989/00306525.2021.1900942
https://doi.org/10.1016/j.biocon.2020.108944
https://doi.org/10.1016/j.biocon.2020.108944
https://doi.org/10.1139/z98-203
https://doi.org/10.1139/z98-203
https://doi.org/10.1016/S0006-3207(99)00094-4
https://doi.org/10.1016/j.gecco.2024.e02988
https://doi.org/10.1016/j.gecco.2024.e02988
https://doi.org/10.1111/ibi.12513
https://doi.org/10.1111/ele.14077
https://doi.org/10.1111/ele.14077
https://doi.org/10.1038/s41598-021-00556-4

Journal of Ornithology

site protection for biodiversity conservation. J] Environ Manag
347:119110. https://doi.org/10.1016/j.jenvman.2023.119110

Nyatanga T, Ndaimani H, Gaza T (2021) Local variations in the
response of birds to human presence in urban areas. Ostrich
92:270-279. https://doi.org/10.2989/00306525.2021.1976858

Ogada DL, Kibuthu PM (2008) Conserving Mackinder’s eagle owls
in farmlands of Kenya: assessing the influence of pesticide use,
tourism and local knowledge of owl habits in protecting a cul-
turally loathed species. Environ Conserv 35:252-260. https://
doi.org/10.1017/S0376892908005006

Pagaldai N, Arizaga J, Jiménez-Franco MV, Zuberogoitia I (2021)
Colonization of urban habitats: Tawny owl abundance is con-
ditioned by urbanization structure. Animals 11:2954. https://
doi.org/10.3390/ani11102954

Palomino D, Carrascal LM (2007) Habitat associations of a raptor
community in a mosaic landscape of Central Spain under urban
development. Landsc Urban Plan 83:268-274. https://doi.org/
10.1016/j.landurbplan.2007.04.011

Panter CT, Allen S, Backhouse N, Mullineaux E, Rose CA, Amar
A (2022) Causes, temporal trends, and the effects of urbaniza-
tion on admissions of wild raptors to rehabilitation centers in
England and Wales. Ecol Evol 12:e8856. https://doi.org/10.
1002/ece3.8856

Patén D, Romero F, Cuenca J, Escudero JC (2012) Tolerance to noise
in 91 bird species from 27 urban gardens of Iberian Peninsula.
Landsc Urban Plan 104:1-8. https://doi.org/10.1016/j.1andu
rbplan.2011.09.002

Plumpton DL (1992) Aspects of nest site selection and habitat use by
Burrowing Owls at the Rocky Mountain Arsenal, Colorado (Doc-
toral dissertation). Texas Tech University, Lubbock, TX, USA

Plumpton DL, Lutz RS (1993) Nesting habitat use by burrowing owls
in Colorado. J Raptor Res 27:175-179

Poulin RG, Todd LD, Dohms KM, Brigham RM, Wellicome TI (2005)
Factors associated with nest-and roost-burrow selection by Bur-
rowing Owls (Athene cunicularia) on the Canadian prairies. Can
J Zool 83:1373-1380. https://doi.org/10.1139/205-134

Priichova A, Salek M, Linhart P (2024) Social factors affect vocal
activity patterns of two common call types in Little owl males.
J Ornithol. https://doi.org/10.1007/s10336-024-02220-w

Ramsden D (2003) Barn owls and major roads: results and recom-
mendations from a 15-year research project. Barn Owl Trust

Regan T, McClure CJ, Belthoff JR (2018) Assessing patterns of barn
owl Tyto alba occupancy from call broadcast surveys. Wildl Biol
2018:1-12. https://doi.org/10.2981/wlb.00411

Reynolds JS, Ibafiez-Alamo JD, Sumasgutner P, Mainwaring MC
(2019) Urbanisation and nest building in birds: a review of
threats and opportunities. J Ornithol 160:841-860. https://doi.
org/10.1007/s10336-019-01657-8

Rheindt FE (2003) The impact of roads on birds: does song fre-
quency play a role in determining susceptibility to noise pol-
lution? J Ornithol 144:295-306. https://doi.org/10.1007/BF024
65629

Robertson BA, Rehage JS, Sih A (2013) Ecological novelty and the
emergence of evolutionary traps. Trends Ecol Evol 28:552-560.
https://doi.org/10.1016/j.tree.2013.04.004

Rodriguez A, Holmes ND, Ryan PG, Wilson KJ, Faulquier L, Murillo
Y, Raine AF, Penniman JF, Neves V, Rodriguez B, Negro JJ,
Chiaradia A, Dann P, Anderson T, Metzger B, Shirai M, Deppe
L, Wheeler J, Hodum P, Gouveia C, Carmo V, Carreira GP,
Delgado-Alburqueque L, Guerra-Correa C, Couzi FX, Travers
T, Corre ML (2017) Seabird mortality induced by land-based
artificial lights. Conserv Biol 31:986-1001. https://doi.org/10.
1111/cobi.12900

Rodriguez A, Orozco-Valor PM, Sarasola JH (2021) Artificial
light at night as a driver of urban colonization by an avian

predator. Landsc Ecol 36:17-27. https://doi.org/10.1007/
$10980-020-01132-3

Rydell J (1992) Exploitation of insects around streetlamps by bats in
Sweden. Funct Ecol. https://doi.org/10.2307/2389972

Salek M, Bazant M, Klvarna P, Vermouzek Z, Vaclav R (2023) Histori-
cal changes in mortality patterns of diurnal and nocturnal raptors
in the Czech Republic, Central Europe: 1913-2017. Biol Conserv
282:110073. https://doi.org/10.1016/j.biocon.2023.110073

Schaub M, Aebischer A, Gimenez O, Berger S, Arlettaz R (2010) Mas-
sive immigration balances high anthropogenic mortality in a sta-
ble eagle owl population: lessons for conservation. Biol Conserv
143:1911-1918. https://doi.org/10.1016/j.biocon.2010.04.047

Scobie C, Bayne E, Wellicome T (2014) Influence of anthropogenic
features and traffic disturbance on burrowing owl diurnal roost-
ing behavior. Endanger Species Res 24:73-83. https://doi.org/
10.3354/esr00577

Scobie CA, Bayne EM, Wellicome TI (2016) Influence of human foot-
print and sensory disturbances on night-time space use of an
owl. Endanger Species Res 31:75-87. https://doi.org/10.3354/
esr00756

Séchaud R, Schalcher K, Machado AP, Almasi B, Massa C, Safi K,
Roulin A (2021) Behaviour-specific habitat selection patterns of
breeding barn owls. Mov Ecol 9:1-11. https://doi.org/10.1186/
s40462-021-00258-6

Senzaki M, Yamaura Y, Francis CD, Nakamura F (2016) Traffic noise
reduces foraging efficiency in wild owls. Sci Rep 6:30602.
https://doi.org/10.1038/srep30602

Sergio F, Marchesi L, Pedrini P, Ferrer M, Penteriani V (2004) Elec-
trocution alters the distribution and density of a top predator, the
eagle owl Bubo bubo. J Appl Ecol 41:836-845. https://doi.org/
10.1111/5.0021-8901.2004.00946.x

Shonfield J, Bayne EM (2017) The effect of industrial noise on owl
occupancy in the boreal forest at multiple spatial scales. Avian
Conserv Ecol 12:13. https://doi.org/10.5751/ACE-01042-120213

Silva CC, Lourengo R, Godinho S, Gomes E, Sabino-Marques H, Medi-
nas D, Neves V, Silva C, Rabaga JE, Mira A (2012) Major roads
have a negative impact on the Tawny owl Strix aluco and the
Little owl Athene noctua populations. Acta Ornithol 47:47-54

Smith DG, Bosakowski T, Devine A (1999) Nest site selection by
urban and rural great horned owls in the Northeast (Seleccién
del Lugar de Anidamiento por Parte de Bubo Virginianus en
Zonas Urbanas y Rurales del Nordeste de los Estados Unidos). J
Field Ornithol 70:535-542. https://www.jstor.org/stable/4514446

Sol D, Gonzalez-Lagos C, Moreira D, Maspons J, Lapiedra O (2014)
Urbanisation tolerance and the loss of avian diversity. Ecol Lett
17:942-950. https://doi.org/10.1111/ele.12297

Spoelstra K, van Grunsven RH, Donners M, Gienapp P, Huigens ME,
Slaterus R, Berendse F, Visser ME, Veenendaal E (2015) Experi-
mental illumination of natural habitat—an experimental set-up to
assess the direct and indirect ecological consequences of artificial
light of different spectral composition. Philos Trans R Soc Lond
B Biol Sci 370:20140129. https://doi.org/10.1098/rstb.2014.0129

Sumasgutner P, Nemeth E, Tebb G, Krenn HW, Gamauf A (2014a)
Hard times in the city—attractive nest sites but insufficient food
supply lead to low reproduction rates in a bird of prey. Front Zool
11:1-14. https://doi.org/10.1186/1742-9994-11-48

Sumasgutner P, Schulze CH, Krenn HW, Gamauf A (2014b) Conserva-
tion related conflicts in nest-site selection of the Eurasian kestrel
(Falco tinnunculus) and the distribution of its avian prey. Landsc
Urban Plan 127:94-103. https://doi.org/10.1016/j.landurbplan.
2014.03.009

Sumasgutner P, Buij R, McClure CJ, Shaw P, Dykstra CR, Kumar N,
Rutz C (2021) Raptor research during the COVID-19 pandemic
provides invaluable opportunities for conservation biology. Biol
Conserv 260:109149. https://doi.org/10.1016/j.biocon.2021.
109149

@ Springer


https://doi.org/10.1016/j.jenvman.2023.119110
https://doi.org/10.2989/00306525.2021.1976858
https://doi.org/10.1017/S0376892908005006
https://doi.org/10.1017/S0376892908005006
https://doi.org/10.3390/ani11102954
https://doi.org/10.3390/ani11102954
https://doi.org/10.1016/j.landurbplan.2007.04.011
https://doi.org/10.1016/j.landurbplan.2007.04.011
https://doi.org/10.1002/ece3.8856
https://doi.org/10.1002/ece3.8856
https://doi.org/10.1016/j.landurbplan.2011.09.002
https://doi.org/10.1016/j.landurbplan.2011.09.002
https://doi.org/10.1139/z05-134
https://doi.org/10.1007/s10336-024-02220-w
https://doi.org/10.2981/wlb.00411
https://doi.org/10.1007/s10336-019-01657-8
https://doi.org/10.1007/s10336-019-01657-8
https://doi.org/10.1007/BF02465629
https://doi.org/10.1007/BF02465629
https://doi.org/10.1016/j.tree.2013.04.004
https://doi.org/10.1111/cobi.12900
https://doi.org/10.1111/cobi.12900
https://doi.org/10.1007/s10980-020-01132-3
https://doi.org/10.1007/s10980-020-01132-3
https://doi.org/10.2307/2389972
https://doi.org/10.1016/j.biocon.2023.110073
https://doi.org/10.1016/j.biocon.2010.04.047
https://doi.org/10.3354/esr00577
https://doi.org/10.3354/esr00577
https://doi.org/10.3354/esr00756
https://doi.org/10.3354/esr00756
https://doi.org/10.1186/s40462-021-00258-6
https://doi.org/10.1186/s40462-021-00258-6
https://doi.org/10.1038/srep30602
https://doi.org/10.1111/j.0021-8901.2004.00946.x
https://doi.org/10.1111/j.0021-8901.2004.00946.x
https://doi.org/10.5751/ACE-01042-120213
https://www.jstor.org/stable/4514446
https://doi.org/10.1111/ele.12297
https://doi.org/10.1098/rstb.2014.0129
https://doi.org/10.1186/1742-9994-11-48
https://doi.org/10.1016/j.landurbplan.2014.03.009
https://doi.org/10.1016/j.landurbplan.2014.03.009
https://doi.org/10.1016/j.biocon.2021.109149
https://doi.org/10.1016/j.biocon.2021.109149

Journal of Ornithology

Sumasgutner P, Cunningham SJ, Hegemann A, Amar A, Watson H,
Nilsson JF, Andersson MN, Isaksson C (2023) Interactive effects
of rising temperatures and urbanisation on birds across differ-
ent climate zones: a mechanistic perspective. Glob Chang Biol
29:2399-2420. https://doi.org/10.1111/gcb.16645

Sushinsky JR, Rhodes JR, Possingham HP, Gill TK, Fuller RA (2013)
How should we grow cities to minimize their biodiversity
impacts? Glob Chang Biol 19:401-410. https://doi.org/10.1111/
2cb.12055

Tempel DJ, Gutiérrez RJ (2004) Factors related to fecal corticoster-
one levels in California spotted owls: implications for assess-
ing chronic stress. Conserv Biol 18:538-547. https://doi.org/10.
1111/j.1523-1739.2004.00372.x

Theodorou P (2022) The effects of urbanisation on ecological interac-
tions. Curr Opin Insect Sci 52:100922. https://doi.org/10.1016/j.
€0i8.2022.100922

Treby DL, Castley JG (2015) Distribution and abundance of hollow-
bearing trees in urban forest fragments. Urban for Urban Green
14:655-663. https://doi.org/10.1016/j.ufug.2015.06.004

Tempel DJ, Gutierrez RJ (2003) Fecal corticosterone levels in Califor-
nia spotted owls exposed to low-intensity chainsaw sound. Wildl
Soc Bull 698-702. https://www.jstor.org/stable/3784589

Van Nieuland S, Baetens JM, Janssen R, De Baets B (2018) Habitat
characteristics of possible hunting grounds of the Eurasian Eagle
Owl in Limburg, The Netherlands. Ardea 106:147-162. https://
doi.org/10.5253/arde.v106i2.a7

@ Springer

van der Horst S, Goytre F, Marques A, Santos S, Mira A, Lourenco R
(2019) Road effects on species abundance and population trend:
a case study on tawny owl. Eur J Wildl Res 65:1-11. https://doi.
org/10.1007/s10344-019-1325-z

Weaving MJ, White JG, Isaac B, Cooke R (2011) The distribution of
three nocturnal bird species across a suburban forest gradient.
Emu 111:52-58. https://doi.org/10.1071/MU09117

Wilkerson RL, Siegel RB (2010) Assessing changes in the distribution
and abundance of burrowing owls in California, 1993-2007. Bird
Pop 10:1-36

Williford D, Woodin MC, Skoruppa MK (2009) Factors influencing
selection of road culverts as winter roost sites by Western bur-
rowing owls. West N Am Nat 69:149-154. https://www.jstor.
org/stable/41717747

Wintle BA, Elith J, Potts JM (2005) Fauna habitat modelling and map-
ping: a review and case study in the Lower Hunter Central Coast
region of NSW. Austral Ecol 30:719-738. https://doi.org/10.
1111/7.1442-9993.2005.01514.x

Zabala J, Zuberogoitia I, Martinez-Climent JA, Martinez JE, Azkona
A, Hidalgo S, Iraeta A (2006) Occupancy and abundance of lit-
tle owl (Athene noctua) in an intensively managed forest area in
Biscay. Ornis Fenn 83:97-107

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1111/gcb.16645
https://doi.org/10.1111/gcb.12055
https://doi.org/10.1111/gcb.12055
https://doi.org/10.1111/j.1523-1739.2004.00372.x
https://doi.org/10.1111/j.1523-1739.2004.00372.x
https://doi.org/10.1016/j.cois.2022.100922
https://doi.org/10.1016/j.cois.2022.100922
https://doi.org/10.1016/j.ufug.2015.06.004
https://www.jstor.org/stable/3784589
https://doi.org/10.5253/arde.v106i2.a7
https://doi.org/10.5253/arde.v106i2.a7
https://doi.org/10.1007/s10344-019-1325-z
https://doi.org/10.1007/s10344-019-1325-z
https://doi.org/10.1071/MU09117
https://www.jstor.org/stable/41717747
https://www.jstor.org/stable/41717747
https://doi.org/10.1111/j.1442-9993.2005.01514.x
https://doi.org/10.1111/j.1442-9993.2005.01514.x

	The impact of urban-related sensory and risk factors on owls: a systematic review
	Abstract
	Zusammenfassung
	Introduction
	Literature search
	Inclusion and exclusion criteria

	General trends
	Patterns in the literature in relation to geographic regions and study species
	Urban-related sensory and risk factors affecting owls’ behaviour and ecology

	Effects of urban-related sensory and risk factors on owl behaviour and ecology
	Roads
	Noise
	ALAN

	Potential ecological traps for owls: current insights and future directions
	Conclusions and new research avenues
	Acknowledgements 
	References


