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1. INTRODUCTION

Urbanisation, together with intensive agricultural practices, is the most severe human-
induced environmental change of the 21% century. It is generally the process by which human
settlements grow and expand, with higher percentages of people coming to live in the city,
often moving away from rural areas (Gaston 2010). As we move forward, the global
population will keep growing, with towns and cities constantly expanding in parallel to the
demographic increase. At present, almost 55 % of the world’s 7.7 billion population lives in
urbanised areas (United Nations 2019a, b). According to the most recent UN projections, the
overall growth of the world’s population combined with the urban land-cover increase could
bring the global population to 8.5 billion by 2030 and 9.7 billion by 2050 (with c. 90 % of
the increase condensed in Asia and Africa), if the growth pace will not slow down (United
Nations 2019b). These increments in terms of people and urban areas present complex

challenges for the cities of the future.

As a global phenomenon, urbanisation is one of the most critical alterations for natural
ecosystems, being a significant threat to their functioning and biodiversity (Foley et al. 2005,
McKinney 2008, Aronson et al. 2014). The main impact of urban development is associated
with habitats loss, fragmentation and degradation (Mcdonald et al. 2008, Sushinsky et al.
2013), which determines the most direct and drastic decline of biodiversity due to the
physical removal of habitats in order to create space destinated to buildings and artificial
infrastructures. The increment of urban land-use often leads to other sources of disturbance
for the wildlife that survives in urban areas, like an increase in air pollution (Herrera-Duefias
et al. 2014), anthropogenic noise intensity (Proppe et al. 2013, Frohlich & Ciach 2019),
roadkills (Coffin 2007, Grilo et al. 2020), the impact of artificial light at night (Molenaar &
Sanders 2006, Van Doren et al. 2017) and replacement of lost native species with exotic
ones, leading to a biological homogenization that alters and reduce the biological uniqueness
of local ecosystems (Blair 2001, Gaertner et al. 2017). These effects contribute to
debilitating ecological processes across urbanized landscapes. Therefore, the need to
reconcile urban development with biodiversity conservation is more essential than ever. The
improvement of strategies aimed at finding a trade-off between the increase of built-up areas
and the need to preserve nature in cities is important to enhance the quality of life. Indeed,
over the last years, it was recognized as a goal by the United Nations, in the perspective of
a sustainable future (United Nations 2016).



This has led to the question about how we should manage urban development in a region,
finding its best spatial arrangement maximising native biodiversity within (Soga et al. 2014).
In a nutshell, two strategies have been identified. One implies a separation between urban
and natural areas, dedicating some lands to intensive urban uses, with some spared for
biodiversity only (Lin & Fuller 2013, Soga et al. 2014). The other emphasises the sharing of
land between built-up areas and nature, mixing low-density urban areas with green spaces
(Lin & Fuller 2013, Soga et al. 2014). These alternatives derive from a framework known
as land-sparing and land-sharing (hereafter LSAS), conceptualised to sustain biodiversity in
human-modified landscapes (Green et al. 2005, Lin & Fuller 2013). Though, it was
originally born not for urbanised settings, but in relation to agricultural systems, with the
purpose to identify a trade-off between food production and biodiversity conservation
(Green et al. 2005).

Hereafter, (i) the development of the LSAS framework will be briefly reviewed, highlighting
the passage and connection between agricultural and urban systems, and (ii) the case study

object of this dissertation will be presented.

1.1. Land-sparing and land-sharing: from agricultural to urban
systems

The ideas of land-sparing and land-sharing developed in the early 2000s, when a lively
discussion started about how to best ensure food supply reducing the impact of agricultural
production on biodiversity. In other words, the question was in terms of what strategies could
be developed to meet the global increasing demand for food at the least cost to native
biodiversity (Green et al. 2005, Phalan et al. 2011). Today, agricultural fields occupy at least
c. 40 % of the terrestrial land around the world (Foley et al. 2011). Over the last decades,
they expanded to increase crop productivity per unit of land, causing conflicts with nature
conservation goals. The intensification of agricultural systems can alter the environment if
not managed efficiently, leading to biodiversity decline and ecosystem services alteration
(e.g. excessive loss of natural habitats and species richness, pollination and pest control)
(Green et al. 2005, Stott et al. 2015). In this perspective, the LSAS framework has been
presented as a possible solution. On one hand, land-sparing idealises a net separation
between intensive agricultural lands and natural areas across a region, i.e. agricultural lands
are designated only for production and they are used intensively (high-yield farming), but

with some parts being totally spared for biodiversity conservation only (Green et al. 2005,
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Phalan et al. 2011). Since farmland is high-yield, in a given region fewer units of land are
needed to maximise productivity and achieve a given level of food output. This allows more
non-farmed units to be spared for nature conservation, having high value for wildlife. For
example, such a strategy can be fulfilled with the creation of natural parks and reserves,
delimitated in the territory and legally protected, aimed at preserving biodiversity from
human pressures (Michael et al. 2016). On the other hand, land-sharing implies integrating
natural areas in agricultural lands across a region, i.e. agricultural lands are not only
designated for food production, but they share some natural spaces destined for wildlife
conservation. In this case, in a given region, farmland acquires a higher wildlife value, but,
compared to land-sparing, to achieve the same level of food output more units of farmland
are needed and fewer are available only for biodiversity. This approach is also called
‘wildlife-friendly farming’ (Green et al. 2005, Phalan et al. 2011). This strategy found
application in the agri-environmental schemes of the European Union and Australia, aimed
at making farmland more sustainable, reducing the negative effects of intensive agriculture
on wildlife and ecosystem services (Michael et al. 2016, Renwick & Schellhorn 2016).
However, the LSAS paradigm represents the extreme endpoints of a continuum. It means
that this is not a static dichotomy, but intermediate options are also possible. Sometimes,
mixed strategies combining both high-yield and low-yield farming with natural habitats may
be better alternatives for wildlife conservation rather than choosing either land-sparing or
land-sharing (Finch et al. 2019). It could be advantageous having an area spared for
conservation, surrounded by some low-yield farmland (which may act as a transition zone)

alongside a smaller high-yield agricultural land (Fraanje 2018).

Nevertheless, an increase in food demand is only one side of the coin. Another consequence
of the demographic increase is the expansion of towns and cities, as an increasing urban
population needs more space to live and settle. Achieving this with the minimal impact on
local biodiversity and ecosystem services is challenging and the LSAS framework suits well
to this situation (Lin & Fuller 2013). Similar to agricultural intensification, urbanisation
causes the reduction of natural habitats and the alteration of ecological integrity in a given
landscape (McKinney 2002, Nelson et al. 2009), posing the same problems in terms of
biodiversity conservation. In urban systems, a land-sparing scenario involves compact cities
in the form of high-density built-up areas, with few large green areas in which biodiversity
is condensed, often represented by large parks and nature reserves or smaller ones with
elements of contiguity (Soga et al. 2014, Stott et al. 2015). This urban design can be found

in big European and Japanese cities (Stott et al. 2015) (Figure 1). Under a land-sharing
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scenario, cities are in the form of low-density built-up areas interspersed with green spaces
such as hedgerows, tree rows, large household gardens and parks (Stott et al. 2015). In this
case, biodiversity is more distributed across the entire urban area, but in a series of many
smaller and fragmented green spaces (Soga et al. 2014). This scheme can be found in the
suburbs and districts of some Australian, European and American cities (Stott et al. 2015)
(Figure 2). With growing recognition of the importance of biodiversity for human health in
cities (Brown & Grant 2005, Sandifer et al. 2015), understanding how these different land
management approaches affect urban biodiversity in relation to urban intensity is of key
importance. The LSAS framework can therefore provide valid insights to inform

environmentally-friendly planning for creating and renewing cities.
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Figure 1. Example of land-sparing approach applied in a district of
Tokyo (Japan). Photo adapted from appliedecologistsblog.com and
provided by Masa Soga.

© D-Lufthild.de

Figure 2. Example of land-sharing approach applied in a district of
Ratingen (Germany). Photo adapted from Google Images.



LSAS studies generally illustrate curves that help to visualise whether species would be most
benefited under land-sparing or land-sharing, along a gradient of urban intensity. First of all,
species are usually labelled as ‘winners’ and ‘losers’. The former are described by an
increasing curve, as an increment in urban cover increases species presence or density (Stott
et al. 2015). The latter are described by a decreasing curve, as an increment in urban cover
results in a decline of species presence or density (Stott et al. 2015) (Figure 3). Whether
then species prefer land-sparing or land-sharing can be expressed by their degree of tolerance
along the gradient. Land-sparing is better when species are totally maximised at low (losers)
and high (winners) levels of urban intensity, while land-sharing is better when they manifest
a consistent decrease (losers) and increase (winners) only at high levels of urban intensity,
showing a more tolerant relationship along the gradient as the natural habitat changes (Stott
et al. 2015) (Figure 3). These concepts are equally applicable to agricultural systems, for

which the gradient is typically represented by the yield (Green et al. 2005).

Figure 3. Examples of curves that show the
(9] (D) relationship between urban intensity and species’
population density. Curve (A) and (C) indicate a
‘loser’ species, while (B) and (D) a ‘winner’
(A) (B) species. Land-sparing is better when species
density decreases strongly at low levels of urban
intensity (green curve A) and when increases at
Urban intensity Urbanintensity  high Jevels of urban intensity (green curve B).
Land-sharing is better when species density
decreases at high urban intensity levels (yellow
curve C) and when increases at low levels of
urban intensity (yellow curve D). Picture adapted
from Soga et al. 2014.
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Most empirical LSAS studies used birds as a measure of biodiversity (Hulme et al. 2013,
Geschke et al. 2018, Finch et al. 2019, Ibafiez-Alamo et al. 2020). Fewer studies focussed
on other taxa; some examples concerned plants (Collas et al. 2017), reptiles (Rotem & Ziv
2016), ground beetles and butterflies (Soga et al. 2014). Bird species have been largely used
as they are excellent environmental indicators, able to indicate the health status of
ecosystems. Their distribution and population trends often reflect those of other species
(Sekercioglu 2006). Widespread around the world, they can be found in almost every habitat,
representing key components of ecosystems; they are mobile, sensitive and responsive to
habitat changes (Gregory et al. 2003, Sekercioglu 2006). Alterations in bird populations and
distribution can provide useful indications of environmental issues, as they usually occupy

high trophic levels in food webs (Gregory et al. 2003, Sekercioglu 2006).



1.2. Owls in urban areas: how can they thrive?

While these studies primarily involved diurnal birds, the response of nocturnal species has
not been investigated well. This is probably due to their nocturnal and cryptic habits,
accompanied by their general low detectability (Isaac et al. 2013), which could make surveys
more challenging. Moreover, surveys during night hours sometimes could not be easy for

access restrictions to some areas, especially in urban settings.

Owils (Strigiformes) are likely the most common group of nocturnal birds (Mikkola 2019).
Being exceptional predators often at the at the highest trophic level of their food web, they
have a significant influence on terrestrial ecosystems quality and equilibrium (Isaac et al.
2013). They primarily help to manage other animal species (often small mammals) by
controlling their population sizes within an ecosystem (Paz 2013, Saufi et al. 2020).
Therefore, some owls can be a great benefit to places where rodent populations are high.
Dense urban areas usually suffer from an abundance of rats and mice spreading diseases,
and rural communities have their crops consumed, soil eroded by burrowing voles and field
mice with yield reduced by their grazing effect (Brown et al. 2007). Without their natural
predators, such as owls, rodent pest populations could explode, reaching excessive numbers.
Owils have been proved to be good biological control agents as they can limit the amount of
these pests, increasing environmental quality in urban and rural areas (Labuschagne et al.
2016, Saufi et al. 2020). Besides, given their trophic role, they have high bioaccumulation
capabilities (Dal Pizzol et al. 2020). Owls can be used to assess environmental pollution,
checking the levels of contaminants present in the environment. Their feathers and pellets
can indeed be employed to detect and quantify chemical compounds (Ansara-Ross et al.
2013, Dal Pizzol et al. 2020).

Therefore, a stronger presence of owls in urban landscapes may favour the natural control
of rodents (e.g. in parks, green spaces and near water bodies), replacing the large use of traps
and rodenticides. It may also add naturalistic value in human-modified environments, as
owls are typically unusual to people sight. They generally rest in daylight hidden in tree
foliage and they hunt during the night (Mikkola 2019). In general, the ability of owls to deal
with urban environments has been shown to depend on the availability of space and habitats
for nesting and foraging to survive (Fischer et al. 2015, Poppleton 2016). Understanding

what spatial arrangement suits well to owls in these contexts can provide useful inputs to



achieve this goal. Though, to have a more exhaustive overview, relevant factors occurring

in urban areas that might affect owls should be considered.

Being predators that largely rely on hearing and moving at night, their presence in urban
settings could also be influenced by anthropogenic noise and artificial light at night (ALAN),
two common pollutants that accompanied the urban development over the years (Holker
et al. 2010, Gaston et al. 2013, Manzanares Mena & Macias Garcia 2018). Since most owls
use hearing to locate preys, high levels of noise (e.g. road traffic) can reduce their hunting
ability, with negative repercussions on their fitness and potential disappearance from such
areas (Delaney et al. 1999, Frohlich & Ciach 2018). Excessive noise may also interfere with
territory establishment and defence, discouraging owls to colonize places in that condition.
This is due to higher energy costs because a more consistent and frequent vocal activity
would be required as calls would be hampered by high noise levels (Nemeth et al. 2013). On
the other hand, natural light (i.e. sunlight) is crucial for birds, as it provides a direct stimulus
to regulate circadian rhythms, which in turn control their physiological and behavioural
processes (Dominoni 2015). Since light is so important, excessive artificial light at night can
disrupt this natural regulation and affect such processes, leading to alterations in ecological
functions like predation, singing and migration (Da Silva & Kempenaers 2017, Van Doren
et al. 2017, Dominoni & Nelson 2018). Thanks to their anatomical and physiological eye
adaptations, owls have evolved to hunt efficiently in nearly total darkness, while they
generally hide during the daylight (Mikkola 2019). Therefore, ALAN might interfere with
this natural rhythm and weaken their visual sensitivity, consequently reducing their hunting
success. Brighter conditions could make them lose a great advantage over preys (especially
small mammals), as they might notice the predator in great advance or be generally more

eased to escape.

Assessing what spatial allocation should be better to help owls thriving in urban landscapes
and whether anthropogenic noise and ALAN can affect their presence are the key questions
of this research, and the Tawny Owl Strix aluco has been taken as model species. Widely
distributed throughout most of Europe, the Tawny Owl is one of the most common owls of
the continent (Mikkola 2019). Mainly a woodland species, it can be found in urban contexts,
on condition that it can find suitable habitat requirements to breed, such as nest sites (Solonen
& Ursin 2008, Mikkola 2019). These reasons make this owl a good model species. If well
managed and friendly-environmentally designed, urban areas might represent important

ecosystems, in which the species could establish, without abandoning them in a second
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moment. Thanks to its wide distribution, the species presence could be improved in many

urban settings across Europe.

From this perspective, the Tawny Owl was surveyed along an urban gradient to evaluate:

(1) How it responds to urban intensification, i.e. whether land-sparing or land-
sharing will most benefit the species in urban landscapes

(i)  Whether anthropogenic noise and ALAN can affect its presence probability



2. MATERIALS AND METHODS
2.1. Study species

The (Eurasian) Tawny Owl (Strix aluco Linnaeus, 1758) is a medium-sized owl that
primarily inhabits broad-leaved, deciduous and mixed woodland habitats, often close to
rivers and clearings; it may also be found in urban parks, gardens and open tracts of farmland
(Mikkola 2019). The Tawny Owl is easy to recognise for some morphological peculiarities:
it is a round-headed owl with a complete facial disc, large dark eyes and without ear tufts
(Mastrorilli 2018, Mikkola 2019) (Figure 4). It may be observed in three different colour
morphs (brown, grey and rufous) with also intermediates (Mikkola 2019), and they depend
on genetic traits (feather colour is hereditary) and climate (Karell et al. 2011).

Adult males and females are very
similar in appearance, but they
differ in size with females heavier
than males (M 315-550 g, F 410-
650 g; Mastrorilli 2018, Mikkola
2019). In the field, sexes can be

easily distinguished by their calls. . ‘%’5“ \
Male territorial hoot is a drawn- : "

v\ -

out ‘hooo’, followed by a brief \’
A&

. S :

then a by a final tremulous Figyre 4. Tawny Owi sitting on a tree branch. Photo adapted from

‘huhuhuhooo’ (Mikkola 2019). BTO (British Trust of Ornithology) website.

pause, before a softer ‘hu’ and

Females instead are characterized by a loud ‘ke-wick’ contact call (Southern 1970, Mikkola
2019). Once established, Tawny Owls pairs remain on the breeding territories throughout

the year and are highly territorial.

A resident couple will often vocally duet to defend its territory, with the male hooting and
the female dropping her contact call into the pauses between bouts of hooting. This defensive
behaviour may also be reinforced by visual displays (Southern 1970). Territorial activity
increases in autumn, when courtship begins and young owls look for mates and seek to
establish their own territories, while adults defend theirs in readiness for the spring breeding

season (Southern 1970, Zuberogoitia & Martinez 2000). The species form monogamous
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pairs and requires suitable tree cavities to breed. In their absence, other natural sites including
crow nests, holes in buildings and nest boxes can be used (Cramp 1985, Mikkola 2019). First
eggs are normally laid at the end of winter, between February and March, and the hatching
is asynchronous. Tawny Owls can scarcely be seen in daylight, when they roost in dense
foliage, tree trunk or even sometimes in old buildings and sheds (Cramp 1985, Mikkola
2019). Tawny Owls are sedentary, with immature individuals dispersing only a few
kilometres away (Cramp 1985). Tawny Owl feeds predominantly on a great variety of small
mammals (rodents such as field mice and voles) but its diet can also include birds,
amphibians, reptiles and fishes; in flight this owl can even seize bats and insects (Zawadzka
& Zawadzki 2007, Grzedzicka et al. 2013, Mikkola 2019). It mainly hunts using perches,
from which they guard the territory looking for preys (Mastrorilli 2018, Mikkola 2019).

2.2. Study area

The study was carried out in the urban and suburban area of Turin, Piedmont (45°04°13.2°°N,
7°41°12.7’E, northwest Italy). Turin is the capital city and the most populated of the
Piedmont Region, with 851240 residents (resident population in 2020, according to ISTAT).
However, the Turin metropolitan area (an urban agglomeration including the municipality
of Turin as well as other 53 municipalities due to their urban proximity) has a population of
almost 2 million people. The city is located along the Po river and it is surrounded by the
Alps on the northern and western side and by a hill on the eastern side. The climate is

moderately continental with cold and dry winters, while summers are humid and hot.

In order to sample the Tawny Owl, playback surveys were conducted along an urban
gradient. Semi-natural areas (i.e. areas with urban cover equal to zero) were represented by
some protected areas of the Regional Natural Park ‘Aree protette del Po Piemontese’,
particularly the ‘Parco Naturale della Collina di Superga’, 'Riserva Naturale del Meisino e
dell’Isolone di Bertolla’ and ‘Riserva Narturale Arrivore e Colletta’. A minor part of
urbanised areas was represented by these reserves, while the majority was represented by
areas with different levels of urban cover across the Turin hills (Figure 5). The Superga Park
is a large broad-leaved woodland area mainly dominated by oaks-hornbeams (Quercus and
Carpinus species) and chestnut trees (Castanea sativa), with the presence of some conifer
and black locust (Robinia pseudoacacia) formations. Contrary, the other two natural reserves

are mostly defined by riparian formations of poplar and willow trees (Populus nigra and
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Salix alba), given the proximity to the river. The hills are characterized by the same
vegetation formations as those of the Superga Park, but with a greater prevalence of black

locusts and exotic conifers, that replaced the oaks over the years.

Urban intensity

—

Figure 5. Study area in the urban matrix of Turin with sample points (n = 40). To give an example of the
variation in urban intensity (buildings and roads network), four sample points within the ellipse on the main
panel are presented in detail in the four panels below. The black arrow indicates the 200 m detectability
radius, set as a threshold for playback and the analysis, on the basis of a field test conducted prior to the
survey. Satellite image adapted from Google Earth.

11



2.3. Study design and field survey

To evaluate Tawny Owl response to urbanisation, 40 sample points placed in the urban
matrix of Turin (Figure 5) were surveyed using the playback technique, commonly
employed to survey elusive birds, as it improves their detection probability (Hardy &
Morrison 2000, Navarro et al. 2005, Worthington-Hill & Conway 2017). This method
consists of broadcasting conspecific recorded calls in order to elicit their vocal reply
(Johnson et al. 1981, Worthington-Hill & Conway 2017). This is effective and particularly
useful for those species, like owls, that exhibit territorial behaviour because they will be
more inclined to respond to defend their territories (Haug & Didiuk 1993, Pilla et al. 2018).

Sample points were randomly selected using Quantum GIS Software (v. 3.4.5, QGIS 2020).
First, the study area was divided into a grid of 1 km x 1 km squared plots and 40 of them
were selected at random. In the next step, from a multitude of points, one was selected
randomly in each of these plots. Selected points were then appropriately relocated close to
their “a priori” spatial designation when they were in inaccessible places (e.g. in private
streets, in front of houses and in the middle of the wood). When possible, sample points were
relocated along the roads, in order to define transects aimed at optimising the movements in

the field. This operation was also conducted using QGIS.

Sample points were surveyed twice within the courtship season (i.e. two visits for each
point), from the 21% of September to the 10" of November 2020. At least two weeks passed
between consecutive visits at the same point. In addition to the breeding season, autumn is
the best period to survey the Tawny Owl, as it has a peak in vocal activity for seeking mates
and defends territories (Southern 1970, Zuberogoitia & Martinez 2000).

Playback was delivered using a handheld Bluetooth wireless speaker (Tronsmart Element,
T6 Mini) positioned at chest height (Pilla et al. 2018), c. 1.6 m above the ground. The device
was designed to spread sound at 360° to ensure that vocalisations were broadcast in all
directions. The call sequence consisted of territorial vocalisations of two different Tawny
Owls couples (both male and female calls), downloaded from the Xeno-canto website
(www.xeno-canto.org), which were then uploaded to a smartphone and broadcast with the
speaker via Bluetooth. Recordings of multiple pairs were used (i) to simulate a greater
species density in order to increase the probability of a reply, as owls will be more inclined
to respond to defend their territories against many competitors nearby, and (ii) to avoid that
the same recording led to addiction. A fixed broadcast volume was set at a level equivalent

12
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to the sound pressure level of natural vocalizations. A sound level meter (SLM Meterk MK
09) was used to adjust the volume to match the species natural levels, so 82 + 3 dB (Vrezec
& Bertoncelj 2018). Such values were obtained positioning the SLM at a distance of 1 m.
At each sample point, the playback session lasted 13 minutes and it was structured as

follows:

= 2’ of passive listening
= 2’ of playback (1% couple broadcast)
= 2’ of passive listening
= 2’ of playback (2" couple broadcast)

= 5’ of passive listening

Playback was stopped as soon as an owl responded.

Surveys were performed in good weather conditions, i.e. not on rainy or windy days, as these
factors have been proved to significantly reduce owls’ response and the ability of surveyor
to hear them (Braga et al. 2009, Johnson et al. 2009, Zuberogoitia et al. 2019). Moreover,
they were carried out five minutes after sunset and lasted generally one hour and a half,
depending on the time spent moving in the field between sample points and on how many

were surveyed on the same night (1 to 3 points/night).

2.4. Playback field trial prior to the survey

A field test prior to this study was conducted to decide which detectability radius consider
for the playback survey and the following inference in the analysis. This experiment was
conducted in farmland and woodlands areas (to evaluate both open and closed habitats)
within an agricultural landscape for five nocturnal birds, including the Tawny Owl. By
broadcasting their calls from different random locations, the effect of distance on surveyor
detection capability was evaluated and compared in both habitats, and also between seasons

only in woodland. The full results are presented in Appendix B, but a summary is given here.

In each habitat, one transect was established with ten points, spaced 200 m apart, and each
point was visited eight times (i.e. eight repetitions). At each repetition, one researcher (the
‘broadcaster’) moved in a random location around one single surveyor (the ‘observer’) and
broadcast species calls. The surveyor stayed fixed at each point, noting the time and species

13



when a call was detected and he also estimated playback distances (assigning calls to
distance classes of between 0-100 m, 100-200 m, 200-300 m, 300-400 m, 400-500 m and
>500 m). At each repetition, the surveyor did not know the location of the broadcaster. A
handheld GPS (Garmin eTrex 10) was used to identify survey points and to note the location
of each playback made by the broadcaster. One survey was conducted in farmland and one
in woodland in winter (between the end of February and the beginning of March 2020); then
a third survey was repeated only in woodland in summer (mid-July 2020) to test for a
seasonal effect in this habitat. Surveys were performed in good weather conditions (i.e. not
on rainy or windy days) and in daylight, partly due to access restrictions, but also to minimise
the potential confounding effects of real (rather than recorded) vocalizations. Playback was
delivered using a handheld Bluetooth wireless speaker positioned at chest height, ¢. 1.6 m
above the ground. The device was designed to spread sound at 360° to ensure that
vocalisations were broadcast in all directions. After all species calls were broadcast, the
broadcaster moved to another random location unknown to the surveyor and repeated it. This
procedure was carried out eight times for each point (i.e. eight repetitions made in eight
random locations for each of the ten points). The start and end of each repetition were
notified to the surveyor by text message. Once all the repetitions for a point were completed,
the surveyor moved to the next point along the transect. Broadcast calls were adjusted with
a sound level meter at a volume equivalent to the sound pressure level of natural

vocalizations, to match realistic conditions.

To evaluate the effect of distance on detection probability, binomial generalized linear mixed
models (GLMMs) were fitted to the ability to hear playback calls (1 = calls heard, 0 = calls
not heard) specified as the response variable. Distances, habitat and species were specified
as fixed effects, while survey point identity was specified as a random effect in order to
account for repeated observations from the same point. To test for a seasonal effect in
woodland, season variable was included, also specifying an interaction term with distance.
Garmin BaseCamp software was used to download location data from the GPS and to

calculate real distances between the surveyor and broadcaster.

In the light of the results, 1200 broadcasts were carried out in total: 400 in farmland (first
survey) and 400 in woodland (second survey) in winter, and 400 in woodland in summer
(third survey). Almost 78 % of the broadcast calls were detected. The ability to hear playback
calls declined with distance in both habitats (p < 0.001) and detection probabilities were
higher in woodland than farmland (p < 0.001). In woodland, the probability of hearing calls

was significantly higher in winter (p < 0.05), likely due to the fact that in summer trees
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foliage hampers sound diffusion, and therefore the ability to hear bird calls. Though, the
effect of distance on the ability to hear playback calls did not change between seasons (p >
0.05), i.e. no difference in slope between winter and summer was found. As for the Tawny
Owl, the probability of hearing its calls was generally high at a distance of 200 m (96 % in
woodland and 80 % in farmland) (Figure 6), while it dropped at 300 m by almost 30 % in
woodland and 55 % in farmland. Within woodland, detection probabilities dropped by
almost 20 % at 200 m and 35 % at 300 in summer (Figure 6).

Thus, a 200 m detectability radius was identified and set as maximum threshold for the

Tawny Owl field survey, as most of the detected calls registered during the experiment were
within this distance.
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Figure 6. Binomial GLMMs showing the predicted probabilities of hearing
playback calls in farmland (n = 400) and woodland (n = 400) in relation to
distance (above), and the predicted probabilities of hearing playback calls in
woodland in relation to distance and season (n = 400 in winter and n = 400 in
summer) (below). Both models are referred to the Tawny Owl.

15



Therefore, the results of the experiment suggest that any inference from playback could only
be reliably related to this radial distance around the surveyor, i.e. inferences about the owl
should be limited to 200 m because most of the detected calls will be within that distance.

Moreover, this distance should be reliable given that the average size of an urban Tawny
Owl territory is estimated to be around 20 ha (which corresponds to a c. 250 m radius)
(Galeotti 1994). Therefore, inferences made in an area with a radius of 200 m, should be
quite representative of Tawny Owls territories. Within the study area, there was a distance

of at least 500 m between sample points, able to avoid potential territory overlapping.

2.5. Anthropic variables

Different predictor variables related to the effects of urbanisation were considered in this
study: urban cover, housing cover, anthropogenic noise and light pollution in terms of SQM
(Sky Quality Meter) and radiance values.

Urban cover was expressed by both buildings and roads network. It was calculated using
QGIS software, employing the most recent Regional land-use map available (‘Mappatura
del Consumo di suolo in Piemonte 2017°), downloaded from the official database for GIS
services of ARPA Piemonte (Geoportale ARPA Piemonte, www. webgis.arpa.piemonte.it).

The following procedure was used to calculate urban cover area within each sample point:

= Being a WMTS (Web Map Tile Service), the land-use map was converted in a

vectorial format and overlayed to a satellite image showing the study area.

= A circular buffer zone with a 200 m radius (detectability radius) was set around all

sample points, in order to consider only the land-use within this distance.

= Each point (with its buffer) was singularly selected, exported and saved. Then, they
all were clipped individually with the vectorial land-use map, so that urban land-use

could be calculated in each point separately.

= In each point, urban land-use was selected and the area calculated in m? using the
field calculator in the layer’s attributes table. When necessary, selected urban land-

use was corrected manually, by (i) adding polygons that covered buildings that were
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not included in the land-use map, and (ii) removing parts that were not strictly

urbanised.

= The area was then converted in percentage, dividing it by the total area of the 200 m

radius-buffer zone and multiplied by 100.

Housing cover, inclusive of only buildings, was obtained creating specific polygons over
them, keeping the satellite image in the background. The area was calculated in the same

way as for urban cover.

Anthropogenic noise, represented by traffic noise, was measured in the field using a sound
level meter (SLM Meterk MK 09). At each sample point and visit, during the first two
minutes of playback passive listening, the device was kept at 1 m above the ground and dB
values were registered. Then, they were reported in a specific sheet and the average value

for each point was calculated.

SQM (Sky Quality Meter) is a device that measures the brightness of the night sky in
mag/arcsec? (magnitudes per square arcsecond). In other terms, it provides an indication of
sky quality, i.e. how dark the night sky is. Therefore, since night sky brightness is one
indicator of light pollution (Falchi et al. 2016), SQM provides useful information, allowing
to see whether artificial light at night is making an adverse impact on the darkness of the
night sky. SQM data used in this study derives from the World Atlas of artificial sky
luminance, created in 2015 to quantify light pollution on a global scale, providing a helpful
tool for various disciplines interested in this topic, such as ecology and environmental
protection (Falchi et al. 2016). The Atlas was computed with light pollution propagation
software using different satellite data and a new database of SQM measurements (Falchi et
al. 2016). The former includes radiance data obtained from VIIRS (Visible Infrared Imaging
Radiometer Suite) Day/Night Band (DNB), updated until 2020, which in this study was used

as another parameter to evaluate light pollution.

Radiance can be considered as the amount of light emitted or reflected by artificial
infrastructures that alters sky quality. One feature of DNB data is indeed the detection of

electric lighting on the world’s surface (Falchi et al. 2016, Elvidge et al. 2017).

Both SQM and radiance data were available from open-source maps, illustrating two
different informative layers: World Atlas, which showed a sky brightness map and VIIRS,
which showed a radiance map (www.lightpollutionmap.info). By inserting sample point
coordinates on these maps, SQM and radiance values were identified.
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2.6. Data analysis

First, Kruskal-Wallis test was used to evaluate whether there were differences in Tawny Owl
detections between the months in which the survey was conducted and the time of the night
(twilight and night) (McKight & Najab 2010). A significant test result (as measured by the
chi-squared statistic) indicates that there are differences between the levels of the variable,

I.e. differences between months and time of night.

Then, to evaluate the effect of urban intensity and anthropogenic factors on Tawny Owl
presence, a mixed modelling approach was used, fitting binomial generalized linear mixed
models (GLMM) to the probability of presence in the urban environment (1 = presence; 0 =
absence) as the response variable. Survey point identity was specified as a random effect in
order to account for repeated observations from the same point. Urban cover, housing cover,
anthropogenic noise, SQM and radiance values were specified as fixed effects. The first
model analysed the response of the species along a gradient of urban intensity, expressed by
urban cover. Then, one model for each anthropogenic factor was also fitted to evaluate their
effect on the species probability of presence. These univariate models were then compared
using AIC (Akaike’s Information Criterion) for model selection, i.e. to identify which model
was most likely to be the best to fit the data, and thus to identify the most relevant covariate
affecting the response variable (Burnham & Anderson 2002). Given the small sample size
(n/K ratio < 40), an AIC corrected for small sample sizes (AlCc) was used. Lower AICc
indicated which models were better and a AAICc < 2 meant that the models had the same
likelihood of being the best, i.e. they can be considered equivalent. Finally, a combined
model with all covariates was also fitted to the probability of presence to verify the results
from AIC, i.e. if the anthropic variables of the best univariate model(s) had a main role and
effect in a full general model. All GLMMs were validated using the Hosmer-Lemeshow
goodness of fit test (Hosmer & Lemeshow 2000), where a significant test result (as measured
by the chi-squared statistic) indicates poor model fit.

Before modelling, some steps were made to ensure the quality of the analysis. Predictor
variables were scaled, as they were measured in different measurement units. In this way,
their parameter estimates were standardized sizes and were on a comparable scale. Then,
VIF (Variance Inflation Factor) was used to check for potential correlation between predictor
variables, and a value that exceeds 5 or 10 indicates problems of collinearity (James et al.
2014). Since urban and housing cover were highly correlated (both VIF > 11), the latter was
discarded, as it was less comprehensive in terms of urban intensity. Possible non-linear
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effects for predictor variables were checked adding a quadratic term in the models. A
significant non-linear effect (p < 0.05) was found only for the SQM variable. Spatial
autocorrelation of the binary dependent variable was also checked using Moran’s test

(Rangel et al. 2010), which showed no spatial autocorrelation (Moran’s I =0.09, p > 0.05).

Statistical analyses were carried out using R software (v. 3.6.3, R Core Team 2020). GLMMs
were fitted in the Ime4 package (Bates et al. 2015) and their results visualised with ggplot2
(Wickham 2016).
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3. RESULTS

Tawny Owls were detected 39 times (48.8 %) in total (n = 80, i.e. 40 sample points visited
twice). The number of detections was essentially the same between the two visits: 19 during
the first and 20 during the second. Throughout the whole survey, 56 Tawny Owls responded
to playback. Among these, 32 were males, 22 females and 2 individuals did not reply vocally,
so their sex was unknown, yet the birds were seen because they flew over. In addition, within
these detected birds, there were 13 couples, i.e. males and females replied together to the
playback stimulus. Tawny Owls detections were not influenced by the month in which the
survey was carried out (y 2 = 1.7, df = 2, p > 0.05) nor by the time of the night, i.e. no
differences between twilight and night were found (y 2 = 0.9, df = 1, p > 0.05). Therefore,

field survey was not influenced by these two factors and they were not considered further.

3.1. Tawny Owl response to urban intensity

Tawny Owl showed an unfavourable response to urban intensity. The probability of presence
declined significantly along the urban gradient (ranged from 0 to 53.9 %) in the urbanised
matrix of Turin (slope =-1.01 +0.44,z=-2.31, p <0.05) (Table A1, Appendix A). Though,
as the urban cover started to intensify, predicted probabilities did not drop sharply, but they
decreased approximately with a linear trend, showing a certain degree of tolerance (Figure
7). At 10 % of urban cover the probability of presence was still over 50 % (estimated
probability = 0.57). When urban cover increased to 14 %, the probability declined to 50 %.
The Hosmer-Lemeshow test showed a good model fit (y* = 12.9, df = 8, p > 0.05).

p<0.05*

= &~
s [=3]
| 1

Probahility of presence (%)

&
P
1

0 EIIZI 4IIZI
Urban intensity (%)

Figure 7. Binomial GLMM showing Tawny Owl predicted probability of
presence in relation to urban intensity (n = 80). The gradient is represented by

urban cover, which included both buildings and roads network.
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3.2. Effect of anthropogenic noise and light pollution

Both noise and light pollution affected the species within the landscape. Tawny Owl was
indeed scarcely present in noisier locations (slope =-0.98 +0.48,z=-2.04, p < 0.05) (Table
A2, Appendix A). Within the study area, anthropogenic noise ranged between 36.7 and 56.9
dB, with a mean of 46.8 £ 5.3 dB. Overall, predicted presence probabilities were high until
46.5 dB, where the estimated probability was 50 % (Figure 8). Therefore, in order to ensure
good chances (presence probability > 50 %) for Tawny Owils to be hosted in urban settings,
noise levels should not be higher than 46.5 dB. The Hosmer-Lemeshow test showed a good
model fit (y°=15.3, df = 8, p > 0.05).
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Figure 8. Binomial GLMM showing predicted presence probabilities in relation
to anthropogenic noise (n = 80). The red dashed lines intersect the curve at the
point in which the probability is 50 % at 46.5 dB.

Tawny Owl was also affected by light pollution. Based on the Word Atlas SQM values, the
species was more likely to be found in places where the night sky was darker (higher SQM
readings), i.e. less impacted by artificial light at night (slope = 1.01 £ 0.44, z = 2.28, p <
0.05) (Table A3, Appendix A). Within the study area, SQM measurements ranged between
18.29 and 19.48 mag/arcsec?, with a mean of 18.8 + 0.4 mag/arcsec?® (Figure 9b). Overall,
predicted presence probabilities were high starting from 19.08 mag/arcsec?, where the
estimated probability was 50 % (Figure 9a). Around 18.3 mag/arcsec?, the species showed
a moderate presence, probably explained by the presence of suitable requirements for its
survival (e.g. nest sites) that could have mitigated the negative effect of artificial light.

Nevertheless, the trend shows a strong preference for darker conditions, for which predicted
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probabilities are much higher. To ensure good chances (presence probability > 50 %) for

Tawny Owls to be hosted in urban settings, the sky should be quite dark, around 19.1

mag/arcsec? according to the readings deriving from SQM devices. The Hosmer-Lemeshow
test showed a good model fit (y* = 12.9, df = 8, p > 0.05).
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Figure 9a. Binomial GLMM showing predicted presence probabilities in relation
to SQM measurements (n = 80). The red dashed lines intersect the curve at the point
in which the probability is 50 % at 19.08 mag/arcsec?.
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Figure 9b. Study area represented with SQM values theme. The legend on the
right corner shows the scale of colours associated to SQM values. Brighter colours
indicate lower levels of sky darkness (i.e. sky quality), therefore areas more
impacted by artificial light. Moving out from the city towards the hill, the sky gets
darker favouring Tawny Owl presence. Photo and legend adapted from
www.illuminationmap.info (Credits: World Atlas 2015 - Falchi et al. 2016:
Supplement to The New World Atlas of Artificial Night Sky Brightness. GFZ Data
Services).
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Radiance, the second parameter used to evaluate light pollution, also manifested an impact

on the species, in agreement with SQM results. The effect of radiance on Tawny Owl

probability of presence was highly significant (slope = - 1.16 + 0.44, z = - 2.67, p < 0.01)
(Table A4, Appendix A) and measurements ranged between 2.02 and 46.47 W-srt-m2,
with a mean of 16 + 11.8 W-sr*-m2 (Figure 10b). Overall, predicted presence probabilities

were high until 14.9 W-sr1.m™2, where the estimated probability was 50 % (Figure 10a).

Therefore, Tawny Owls will be likely more present (presence probability > 50 %) in urban

settings without excessive artificial light, possibly limited to 15 W-sr t-m™2. The Hosmer-

Lemeshow test showed a good model fit (= 12.4, df = 8, p > 0.05).
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Figure 10a. Binomial GLMM showing predicted presence probabilities in relation
to radiance measurements (n = 80). The red dashed lines intersect the curve at the
point in which the probability is 50 % at 14.9 W-srt-m2,
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Figure 10b. Study area represented with radiance values theme. The legend on the
right corner shows the scale of colours associated to radiance values. Heater colours
indicate higher levels of radiance, therefore areas more impacted by artificial light.
Moving out from the city towards the hill, they decrease favouring Tawny Owl
presence. Photo and legend adapted from www.illuminationmap.info (Credits: Jurij
Stare, VIIRS - Earth Observation Group, NOAA National Geophysical Data Center).
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Comparing the univariate models with AlCc, those with SQM and radiance provided the
best models (AAICc < 2) (Table 1), suggesting that light pollution is likely to have a greater
influence in determining Tawny Owl occurrence. Indeed, the final combined model (which
had the lowest AICc) confirmed this hypothesis, as the only significant effects were
associated to SQM (slope = 1.22 + 0.52, z = 2.37, p < 0.05) (Table A5, Appendix A) and
radiance (slope = -1.54 £ 0.77, z = - 1.99, p < 0.05) (Table A5, Appendix A).

Model AlCc AAICe Table 1. Models with their
associated AICc score. They are
ranked from the lowest AlCc to the

Combined model 100.57 0.00 highest, as a lower score indicates
SQOM model 100.83 027 a better model, which here is
QM mode ) ' represented by the combined
Radiance model 102.34 1.77 model. However, models with
Urban model 105.84 508 AAICc < 2 can be considered

equivalent.

Noise model 106.92 6.35

Therefore, in an overview where all urban covariates are considered together, light pollution
emerged as the most relevant factor. The Hosmer-Lemeshow test showed a good model fit
(x*= 9.6, df = 8, p > 0.05). Nonetheless, maintaining again the presence of the species at 50
% as threshold, predicted probabilities did not differ substantially from univariate models,
especially for SQM, for which the probability of presence was 50 % at 19.14 mag/arcsec?
(while previously was 50 % at 19.08 mag/arcsec?). As for radiance, the probability was 50
% at 13.4 W-srt-m2 (Figure 11).
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Figure 11. Binomial GLMM (combined model) showing predicted presence
probabilities in relation to radiance measurements (n = 80). The red dashed
lines intersect the curve at the point in which the probability is 50 % at 13.4
W-sr1-m, a radiance value slightly smaller compared to the univariate
model (50 % at 14.9 W-srt-m).
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4. DISCUSSION

Overall, the results of this study showed a negative effect of urbanisation, highlighting how
typical factors associated with urban development can influence the occurrence of nocturnal
wildlife. The Tawny Owl is known for being able to live in urban settings, but as long as
suitable nest sites for breeding can be found and prey is available, including wintering birds
which usually are an important component in the diet of owls inhabiting urban areas
(Solonen & Ursin 2008, Grzedzicka et al. 2013). Nevertheless, the Tawny Owl remains a
species strictly associated with wooded areas, highly important for its survival in human-
modified environments (Ranazzi et al. 2000, Frohlich & Ciach 2018). Frohlich & Ciach
2018 showed that the distribution of this species is positively correlated with the availability
and size of woodland habitats in urban environments. The reduction of both implied indeed
a decline in species occurrence. Urbanisation, most of the times, involves an excessive
contraction or removal of greenspaces such as wood patches, sacrificed for new built-up
areas. Hence, what trade-off between natural habitat and urban land-use could let this owl
thrive within urbanised landscapes? Along the gradient of urban intensity, the Tawny Owl
behaved like a ‘loser’ species, as the probability of presence started to decline as soon as
urban cover started to intensify. Nonetheless, the decline was not sharp (which occurs for
typical land-sparing species), but almost linear, with a probability of presence > 50 % until
14 % of urban cover. For this reason, the Tawny Owl can be associated with ‘urban adapters’,
species capable to tolerate moderate levels of urban intensity but decline at higher levels.
Differently, an ‘urban avoider’ is defined as a sensitive species that rapidly declines when
urban cover increases, while an ‘urban exploiter’ benefits from urbanisation and increases
its presence or population as urban cover grows (Gagné & Fahrig 2010, Geschke et al. 2018).
Therefore, results indicate that the Tawny Owl may be able to adapt and find benefits in
urban areas, but essentially in low-density contexts (e.g. low-density suburbs). Contrary to
exploiters, its presence did not increase with urban intensity nor it dropped drastically as it

would happen for avoiders.

Being a near-linear relationship, the curve (Figure 7) suggests a middle ground between
land-sparing and land-sharing, if compared to Figure 3. However, results from model
comparison and the combined model showed that in an overview, urban cover was not
relevant as much as noise and light pollution. This indicates that the Tawny Owl is likely to
tolerate a reasonable level of urban intensity as long as noise and light conditions are

favourable, i.e. when such conditions are considerably quiet and dark (see next paragraphs).
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They have a greater role in determining Tawny Owl distribution, which would be explained
only partially if urban cover was considered alone and noise and light were neglected. Hence,
if these conditions are met, the spatial arrangement that is likely to most benefit this avian
predator in urban environments is a land-sharing scenario. Though, in most cases, land-
sparing has been generally demonstrated to be a better solution to ensure biodiversity
conservation and also to guarantee higher ecosystem services (Sushinsky et al. 2013, Stott
et al. 2015, Villasefior et al. 2017). This is explained by the fact that several species are
‘urban avoider’, unable to adapt and survive even at low levels of urban intensity (Gagné &
Fahrig 2010, Geschke et al. 2018). These species are often specialistic, endemic and more
threatened than those associated with land-sharing, which are instead more common. For
this reason, land-sparing is typically recognised as the best choice for biodiversity

conservation, as it can sustain a more valued wildlife.

In the same line, Soga et al. 2014 showed that in the city of Tokyo land-sparing was mainly
better, allowing higher population sizes of insects (butterflies and ground beetles) in high-
level urban areas. Though, at lower levels of intensity, they found that butterflies were more
favoured by land-sharing. Besides, in a more recent study, lbafiez-Alamo et al. 2020
evaluated the LSAS framework in nine European cities to see which approach was associated
with a higher diversity of birds. They found that land-sharing urban areas were significantly
associated with higher species richness of birds during winter, but not during the breeding
season, suggesting the importance of integrating a temporal component when analysing
urban biodiversity. Furthermore, another point of view in favour of land-sharing can be
provided by predator’s (such as owls) territory requirements. With land-sparing urban
greenspaces are condensed in large but few areas. This could potentially limit their
occurrence, as only few individuals would be able to establish a territory. By contrast, if
greenspaces were more interspersed across the landscape, predators could be eased to
establish territories without overlapping conflicts (i.e. less competition for the same nest
sites). In this case, Tawny Owls could be well spread across a given urban region, performing

biological control on rodent populations and other preys over a more extended area.

Any debate about how to best manage a city in terms of comparting green and urban areas,
should also take into account people’s view on this matter, as they are an integrative living
part of urban ecosystems. Do they prefer living in a city featured by land-sparing or land-
sharing? Soga et al. 2015 investigated the relationship between different urban forms and
human recreational use of greenspaces. Within the city of Tokyo, they selected five pairs of

LSAS areas and analysed the use made by residents through a questionnaire survey. They
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found that the majority preferred land-sharing rather than land-sparing. The degree of
satisfaction for greenspaces and their recreational use were both higher in land-sharing
regions. Given that urban nature and biodiversity provide positive interactions and benefits
for human health and well-being (Brown & Grant 2005, Soga & Gaston 2020), planning
decisions should be pondered well. All these findings and standpoints in support of land-
sharing have not been addressed to discredit land-sparing, but to highlight that biodiversity-
friendly cities could be developed based on both land-approaches. The design of urban areas
falls frequently into one of the two canonical schemes (Lin & Fuller 2013), but, after all,
they just emphasise the endpoints of a continuum (Finch et al. 2019). This means that mixed
strategies, where elements from both sparing and sharing are combined, can be possible.
Implementing greenspaces of various forms may be valuable and rewarding to meet the
needs of both:

(1) urban adapter and avoider species
(i)  biodiversity conservation goals and social desires or necessities

In this way, a variegated presence of greenspaces can host species that tolerate urbanisation
at different levels. However, more studies will be necessary to evaluate what mixed strategy
will be better to benefit both types of species, without having unbalanced situations on one
side or the other. As for the second point, additional investigations on the human-nature
relationship would be useful to plan biodiversity-friendly cities, whose development may
vary based on different people’s cultures and traditions. This component has great relevance
for creating or renewing sustainable cities, aimed at reducing the conflict between humans

and biodiversity.

4.1. Anthropogenic noise

What emerged from this study is that not only urban intensity can shape Tawny Owl
distribution, but also noise and ALAN had a significant role. As expected, noisier locations
in the study area were avoided by the species. When anthropogenic noise was greater than
c. 47 dB the probability of presence dropped below 50 %. The dominant noise source was
represented by road traffic, but noise from buildings also occurred. This finding agrees with
previous studies that evaluated the effect of noise intensity on owls in urban areas. Indeed,
Frohlich & Ciach 2018 found a negative relationship between Tawny Owl occurrence and
noise intensity in the city of Krakow (Poland). Moreover, the same authors showed that noise
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intensity can also alter the structure of owls’ community, reducing their species richness in
urban landscapes (Frohlich & Ciach 2019). The negative impact of this factor can be
explained by owls’ predatory behaviour, which relies on their remarkable hearing ability,
therefore susceptible in noisy environments (Mason et al. 2016). Adaptations in their ear
structure allow them to discriminate variations in the location of sound and to identify the
sources accurately (Mikkola 2019). For this reason, most owls rely on their aural abilities
for hunting, extremely useful when preys move unseen in the environment (Mikkola 2019).
Secondly, excessive loud places can be stressful for owls in terms of greater energy costs
associated with their vocal activity. High levels of noise coming from roads and buildings
could hamper intra-specific communications. For example, this would lead to more intense
and frequent efforts to defend territories and find mates. Given such disadvantages, owls
have difficulties thriving in these environments and therefore abandon them, lowering their

occurrence in urban landscapes.

4.2. Artificial light at night

The effect of ALAN was also proved to be negative. Tawny Owl presence was indeed
significantly higher in darker conditions. Results showed that both SQM and radiance
measurements have been valuable parameters to evaluate the impact of light pollution.
However, a difference was identified in the nature of the effect. As for SQM, a non-linear
effect was found, showing a slight success in occurrence even at low levels of sky quality.
This can be explained by the possibility to persist in brighter conditions as long as other key
requirements are available to compensate for the lack of darkness (e.g. suitable nest sites,
prey abundance). This supports the idea of the Tawny Owl as an ‘urban adapter’.
Nonetheless, species presence started to increase strongly (probability > 50 %) when SQM
values were beyond c. 19.1 mag/arcsec?, considering both the univariate and the combined
model. According to the Bortle scale, a nine-level numeric scale used by astronomers to
measure the night sky's brightness of a particular location (class 1 = ‘excellent dark-sky
site’; class 9 = ‘inner-city sky’), SQM values approximately between 19.1 and 20.4
mag/arcsec? identify a ‘suburban sky’ (class 5). This is the sky type under which the
probability of presence was > 50 %. By definition, it is a sky where light sources are still
evident in most if not all directions and the Milky Way is faint or invisible near the horizon
and washed out overhead. As for radiance, the pattern was different because the effect of

radiance on Tawny Owl probability of presence was a more linear decreasing relationship.
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Though, results indicated the same outcome, showing a decline in presence probability as
artificial light increased (probability < 50 % at radiance levels starting around 13-15
W-srt-m~2, considering both the univariate and the combined model. Therefore, these
findings suggest that the Tawny Owl tends to avoid as much as possible places featured by
‘artificial skyglow’, the most evident effect of light pollution, i.e. when ALAN is spread in
the atmosphere increasing the night sky’s luminance (Falchi et al. 2016). Moreover, results
from model selection showed that the models with light pollution covariates were the best
to fit the data. This highlights the great relevance of ALAN in shaping Tawny Owl
distribution and the importance of integrating such a component in urban greenspaces design
and studying nocturnal wildlife in urbanised environments. This hypothesis was also
confirmed in the final combined model inclusive of all covariates, as light pollution was the
only factor for which the effect was significant (p < 0.05), both in terms of sky quality and
radiance. So, high-lit green areas will be more likely avoided or abandoned by the Tawny
Owl.

At present, limited research has focussed on the potential impact of ALAN on nocturnal
wildlife, and strictly on night predators. Recent studies highlighted contrasting results.
Marin-Gémez et al. 2020 found a negative relationship between ALAN (and noise) and the
presence of the Mottled Owl Ciccaba virgata in the city of Xalapa (Mexico). By contrast,
Rodriguez et al. 2020, showed that ALAN turned out to be a helpful driver for the Burrowing
Owl Athene cunicularia to colonize urban environments. This study was conducted in a
suburban area in La Pampa (Argentina) and the authors showed that the species spent a lot
of time close to streetlights at night because a great quantity of invertebrates was attracted
by such sources of light. This allowed the owl to take advantage of ALAN, which eased its
hunting success, given that its diet is mainly based on invertebrates (Mikkola 2019,
Rodriguez et al. 2020). Therefore, it was proved that ALAN was able to change invertebrate
availability and benefit the Burrowing Owl, shifting its space use mostly near to streetlights
as they increased its foraging efficiency. Here, one key point emerging from these studies
that could explain the contrasting response to ALAN is owls’ diet. Unlike the latter species,
the Tawny Owl (and the Mottled Owl) feeds mainly on small mammals that, contrary to
insects and other invertebrates, do not have the same behaviour and are not attracted to light.
Thus, the advantage demonstrated for the Burrowing Owl is likely to be limited to those
species that primarily feed on invertebrates. Hence, owls’ trophic condition could play an

important role in determining the response to artificial light at night.
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In addition, another reason that can justify Tawny Owl’s preference for darker conditions is
associated to their eye anatomical adaptations. Generally, all owls have adaptations that
allow them to hunt at night, but strictly nocturnal species (c. 69 % according to Mikkola
2019), like the Tawny Owl, have more light-sensitive rods in the retina (c. 56000 per mm?
in the Tawny Owl) (Mikkola 2019). This high sensitivity to light can make them blinded to
strong sunlight and that is why they are rarely seen in daylight (Mikkola 2019). The number
of light-sensitive elements in the retina, mostly rods, is very high and increases both visual
acuity at low light levels and sensitivity to light. Nevertheless, this cannot be generalized to
all owls, because species like the Burrowing Owl mentioned before are less sensitive and so
can hunt during the day (Mikkola 2019). This should confirm the possibility for such owl to
tolerate streetlights.

4.3. Conclusions and recommendations

The Tawny Owl is an apex predator in urban ecosystems whose presence influences other
species. A decline in owl’s occurrence can have negative cascading effects on its preys,
leading to an increase in their populations. This study enriches the body of evidence that
shows the negative effects of urbanization on owls’ distribution and underpins the
importance of integrating suitable actions to encourage its presence across urban landscapes,
preventing excessive disturbance by noise and artificial light at night. In particular, ALAN
has been demonstrated to be a driver of high relevance in shaping Tawny Owl distribution.
The following practical measures are suggested to enhance its presence in these human-

modified environments.

1) The presence of Tawny Owls in urban environments could be improved by maintaining a
good proportion of natural and native vegetation, preferably in the forms of well-wooded
urban parks and public/private gardens. Including and preserving old trees would be a
valuable action, as they can often provide natural holes and cavities suitable for nesting.
When the presence of natural nest sites is missing, the installation of suitable nest-boxes can
help the species to breed in urban areas. The provision of nest-boxes is often a productive
habitat-management option and has been proved to be capable of increasing the numbers of

many owl species, including the Tawny Owl (Karell et al. 2009, Mikkola 2019).
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2) To minimise excessive traffic noise, a relevant measure could be concentrating most
greenspaces in locations within the urban landscape where traffic is generally less intense.
A wooded patch surrounded by multiple main roads would not be an appropriate option.
However, trees established along main roads can act as an acoustic barrier, being effective
in reducing noise levels. Besides, tree rows provide aesthetic advantages and improve air

quality.

3) Finally, to minimise the negative effects of artificial light at night opportune measures are
needed. Valuable options, mostly recommended by Gaston et al. 2012, that may be adopted
by planners to mitigate the adverse ecological effects of light pollution in urban

environments are:

(i) Preventing target areas from being artificially lit;
(i1) Reducing the duration of lighting at night;
(iii) Directing the light downwards to the ground;
(iv) Shielding light sources to avoid glare and light scattering upwards and
in unintended areas nearby;
(v) Dimming light intensity and changing its spectral composition with proper filters

or other light sources

Increasing and keeping woodland areas unlit across urbanised landscapes would be the best
action to attract owls for breeding and reduce the ecological effects of artificial light at night.
Otherwise, if this was not possible, reducing the duration of night lighting turning off the
streetlights within urban parks and gardens (and elsewhere) would be also beneficial.
Basically, using streetlights only where and when necessary would be advantageous overall,
as they represent one of the greatest contributors to light pollution. Nevertheless, when
removing or limiting the number of lights from buildings and streets is not feasible for socio-
economic reasons, making them more sustainable is a good alternative. Downlighting and
shielding light sources can reduce artificial skyglow and thus improve the night sky’s
quality. Changing light intensity and spectral composition can limit potential damages to
biological functions. ALAN light spectrum is different from those of sunlight or moonlight,
and it depends on the kind of lighting device that is being employed. Artificial lights vary
widely in brightness and colour composition. Today, whiter lighting sources with a strong
component in the blue portion of the spectrum are largely used because they are more
energy-efficient and long-lasting, but they are also responsible for disrupting biological
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processes in both humans and other organisms (e.g. vision, circadian rhythms, sleep) (Gaston
et al. 2015). Over the last century, street and residential lighting largely shifted from
traditional incandescent bulbs to modern LEDs, which generally emit a higher proportion of
blue wavelengths (Hatori et al. 2017). Making light warmer or filtering it to avoid critical
regions of the spectrum can be productive (Gaston et al. 2012). This suite of mitigations has
the potential to make urban nightscapes more sustainable and to benefit not only the Tawny
Owl, but also wildlife in general, including an improvement in people’s health. Moreover,
these measures can have in turn advantages for the human society itself in terms of energy

consumption and costs, landscape aesthetics and carbon emissions.

In anutshell, the presence of this avian nocturnal predator is important to regulate the trophic
equilibrium of the nest-web and contributes to increasing the quality of urban landscapes.
Being able to adapt to urbanised settings, its presence can be reinforced or restored through
a spatial arrangement where suitable wooded greenspaces are interspersed with built-up
areas. This framework may be rather successful if adequate measures are addressed to
prevent high levels of anthropogenic noise and artificial light at night, which in turn can also
benefit other species and human health, making cities and urban areas more sustainable and

biodiversity-friendly.

32



REFERENCES

Ansara-Ross, T. M., Ross, M. J., & Wepener, V. 2013. The use of feathers in monitoring bioaccumulation of
metals and metalloids in the South African endangered African grass-owl (Tyto capensis). Ecotoxicology,
22(6), 1072-1083 doi: 10.1007/s10646-013-1095-4

Aronson, M.F.J., La Sorte, F.A., Nilon, C.H., Katti, M., Goddard, M.A., Lepczyk, C.A., Warren, P.S.,
Williams, N.S.G, Cilliers, S., Clarkson, B., Dobbs, C., Dolan, R., Hedblom, M., Klotz, S., Kooijmans, J.L.,
Kihn, 1., MacGregor-Fors, I., McDonnell, M., Mértberg, U., Pysek, P., Siebert, S., Sushinsky, J., Werner, P.,
& Winter, M. 2014. A global analysis of the impacts of urbanization on bird and plant diversity reveals key
anthropogenic drivers. Proceedings of the Royal Society B, 281(1780), 20133330 doi: 10.1098/rspb.2013.3330

Bates, D., Méchler, M., Bolker, B., & Walker, S. 2015. Fitting linear mixed-effects models using Ime4. Journal
of Statistical Software 67, 1-48 doi: 10.18637/jss.v067.i01

Blair, R. B. 2001. Birds and butterflies along urban gradients in two ecoregions of the United States: is
urbanization creating a homogeneous fauna?. In Biotic homogenization (pp. 33-56). Springer, Boston, MA doi:
10.1007/978-1-4615-1261-5 3

Braga, A. C. R., & Motta-Junior, J. C. 2009. Weather conditions and moon phase influence on Tropical Screech
Owl and Burrowing Owl detection by playback in southeast Brazil. Ardea, 97(4), 395-401 doi:
10.5253/078.097.0401

Brown, C., & Grant, M. 2005. Biodiversity and human health: What role for nature in healthy urban planning?.
Built Environment, 31(4), 326-338 doi: 10.2148/benv.2005.31.4.326

Brown, P. R., Huth, N. I., Banks, P. B., & Singleton, G. R. 2007. Relationship between abundance of rodents
and damage to agricultural crops. Agriculture, ecosystems & environment, 120(2-4), 405-415 doi:
10.1016/j.agee.2006.10.016

Burnham, Kenneth P., & David R. Anderson. 2002. Model Selection and Multimodel Inference: A Practical
Information-Theoretical Approach. 2d ed. New York: Springer-Verlag doi: 10.1007/b97636

Coffin, A. W. 2007. From roadkill to road ecology: a review of the ecological effects of roads. Journal of
transport Geography, 15(5), 396-406 doi: 10.1016/j.jtrange0.2006.11.006

Collas, L., Green, R. E., Ross, A., Wastell, J. H., & Balmford, A. 2017. Urban development, land sharing and
land sparing: the importance of considering restoration. Journal of applied ecology, 54(6), 1865-1873 doi:
10.1111/1365-2664.12908

Cramp, S. 1985. The birds of the western Palearctic. Vol. 4. Oxford University Press

33


https://doi.org/10.1098/rspb.2013.3330
http://dx.doi.org/10.18637/jss.v067.i01
https://doi.org/10.5253/078.097.0401
https://doi.org/10.5253/078.097.0401
https://doi.org/10.2148/benv.2005.31.4.326
https://doi.org/10.1016/j.agee.2006.10.016
https://doi.org/10.1016/j.agee.2006.10.016
https://doi.org/10.1016/j.jtrangeo.2006.11.006
https://doi.org/10.1111/1365-2664.12908
https://doi.org/10.1111/1365-2664.12908

Da Silva, A., & Kempenaers, B. 2017. Singing from North to South: latitudinal variation in timing of dawn
singing under natural and artificial light conditions. Journal of Animal Ecology, 86(6), 1286-1297 doi:
10.1111/1365-2656.12739

Dal Pizzol, G. E., Rezende, E., Kilpp, J. C., Ferretto, M. M., & Rossato-Grando, L. G. 2020. Biomonitoring of
Owls and Their Environment Using Pellets and Feathers. Bulletin of Environmental Contamination and
Toxicology, 105(5), 685-691 doi: 10.1007/s00128-020-03024-3

De Molenaar, J. G., Sanders, M. E., & Jonkers, D. A. 2006. Road lighting and grassland birds: local influence
of road lighting on a black-tailed godwit population. Ecological consequences of artificial night lighting, 114-
138. Island Press

Delaney, D. K., Grubb, T. G., Beier, P., Pater, L. L., & Reiser, M. H. 1999. Effects of helicopter noise on
Mexican spotted owls. The Journal of Wildlife Management, 60-76 doi: 10.2307/3802487

Dominoni, D. M. 2015. The effects of light pollution on biological rhythms of birds: an integrated, mechanistic
perspective. Journal of Ornithology, 156(1), 409-418 doi: 10.1007/s10336-015-1196-3

Dominoni, D. M., & Nelson, R. J. 2018. Artificial light at night as an environmental pollutant: An integrative
approach across taxa, biological functions, and scientific disciplines. Journal of experimental zoology. Part A,
Ecological and integrative physiology, 329(8-9), 387 doi: 10.1002/jez.2241

Elvidge, C. D., Baugh, K., Zhizhin, M., Hsu, F. C., & Ghosh, T. 2017. VIIRS night-time lights. International
Journal of Remote Sensing, 38(21), 5860-5879 doi: 10.1080/01431161.2017.1342050

Falchi, F., Cinzano, P., Duriscoe, D., Kyba, C. C., Elvidge, C. D., Baugh, K., Portnov, B. A., Rybnikova, N.
A., & Furgoni, R. 2016. The new world atlas of artificial night sky brightness. Science advances, 2(6),
€1600377 doi: 10.1126/sciadv.1600377

Finch, T., Gillings, S., Green, R. E., Massimino, D., Peach, W. J., & Balmford, A. 2019. Bird conservation and
the land sharing-sparing continuum in farmland-dominated landscapes of lowland England. Conservation
Biology, 33(5), 1045-1055 doi: 10.1111/cobi.13316

Fischer, J. D., Schneider, S. C., Ahlers, A. A., & Miller, J. R. 2015. Categorizing wildlife responses to
urbanization and conservation implications of terminology. Conservation Biology, 29(4), 1246-1248 doi:
10.1111/cobi.12451

Foley, J.A., Defries, R., Asner, G.P., Barford, C., Bonan, G., Carpenter, S.R., Chapin, F.S., Coe, M.T., Daily,
G.C., Gibbs, H.K., Helkowski, J.H., Holloway, T., Howard, E.A., Kucharik, C.J., Monfreda, C., Patz, J.A.,
Prentice, I.C., Ramankutty, N., & Snyder, P. K. 2005. Global consequences of land use. science, 309(5734),
570-574 doi: 10.1126/science.1111772

34


https://doi.org/10.1111/1365-2656.12739
https://doi.org/10.1111/1365-2656.12739
https://doi.org/10.2307/3802487
https://dx.doi.org/10.1002%2Fjez.2241
https://doi.org/10.1080/01431161.2017.1342050
https://doi.org/10.1111/cobi.13316
https://doi.org/10.1111/cobi.12451
https://doi.org/10.1111/cobi.12451

Foley, J. A., Ramankutty, N., Brauman, K. A., Cassidy, E. S., Gerber, J. S., Johnston, M., Mueller, N. D.,
O’Connell, C., Ray D. K., West, P. C., Balzer, C., Bennett, E. M., Carpenter, S. R., Hill, J., Monfreda, C.,
Polasky, S., Rockstrom, J., Sheehan, J., Siebert, S., Tilman, D., & Zaks, D. P. M. 2011. Solutions for a
cultivated planet. Nature, 478(7369), 337-342 doi: 10.1038/nature10452

Fraanje, W. 2018. What is the land sparing-sharing continuum? (Foodsource: building blocks). Food Climate

Research Network, University of Oxford

Frohlich, A., & Ciach, M. 2018. Noise pollution and decreased size of wooded areas reduces the probability of
occurrence of Tawny Owl Strix aluco. Ibis, 160(3), 634-646 doi: 10.1111/ibi.12554

Frohlich, A., & Ciach, M. 2019. Nocturnal noise and habitat homogeneity limit species richness of owls in an
urban environment. Environmental Science and Pollution Research, 26(17), 17284-17291 doi:
10.1007/s11356-019-05063-8

Gaertner, M., Wilson, J. R., Cadotte, M. W., Maclvor, J. S., Zenni, R. D., & Richardson, D. M. 2017. Non-
native species in urban environments: patterns, processes, impacts and challenges. Biological Invasions, 19,
3461-3469 doi: 10.1007/s10530-017-1598-7

Gagné, S. A., & Fahrig, L. 2010. The trade-off between housing density and sprawl area: Minimising impacts
to forest breeding birds. Basic and Applied Ecology, 11, 723-733 doi: 10.1016/j.baae.2010.09.001

Gaston, K. J., Davies, Z. G., & Edmondson, J. L. 2010. Urban environments and ecosystem functions. Urban

ecology, 35-52

Gaston, K. J., Davies, T. W., Bennie, J., & Hopkins, J. 2012. Reducing the ecological consequences of night-
time light pollution: options and developments. Journal of Applied Ecology, 49(6), 1256-1266 doi:
10.1111/j.1365-2664.2012.02212.x

Gaston, K. J., Bennie, J., Davies, T. W., & Hopkins, J. 2013. The ecological impacts of nighttime light
pollution: a mechanistic appraisal. Biological reviews, 88(4), 912-927 doi: 10.1111/brv.12036
Gaston, K. J., Visser, M. E., & Holker, F. 2015. The biological impacts of artificial light at night: the research

challenge. Philosophical Transactions of the Royal Society B, 370: 20140133. doi: 10.1098/rstb.2014.0133

Geschke, A., James, S., Bennett, A. F., & Nimmo, D. G. 2018. Compact cities or sprawling suburbs?
Optimising the distribution of people in cities to maximise species diversity. Journal of Applied Ecology, 55(5),
2320-2331 doi: 10.1111/1365-2664.13183

Green, R. E., Cornell, S. J., Scharlemann, J. P., & Balmford, A. 2005. Farming and the fate of wild nature.
science, 307(5709), 550-555 doi: 10.1126/science.1106049

35


javascript:;
https://doi.org/10.1111/ibi.12554
https://doi.org/10.1016/j.baae.2010.09.001
https://doi.org/10.1111/j.1365-2664.2012.02212.x
https://doi.org/10.1111/j.1365-2664.2012.02212.x
https://doi.org/10.1111/brv.12036
https://doi.org/10.1098/rstb.2014.0133
https://doi.org/10.1111/1365-2664.13183

Gregory, R. D., Noble, D., Field, R., Marchant, J., Raven, M., & Gibbons, D. W. 2003. Using birds as indicators
of biodiversity. Ornis hungarica, 12(13), 11-24

Grilo, C., Koroleva, E., Andrasik, R., Bil, M., & Gonzalez-Suarez, M. 2020. Roadkill risk and population
vulnerability in European birds and mammals. Frontiers in Ecology and the Environment, 18(6), 323-328 doi:
10.1002/fee.2216

Grzedzicka, E., Kus, K., & Nabielec, J. 2013. The effect of urbanization on the diet composition of the tawny
owl (Strix aluco L.). Polish Journal of Ecology, 61(2), 391-400

Hardy, P. C., & Morrison, M. L. 2000. Factors affecting the detection of elf owls and western screech owls.
Wildlife Society Bulletin, 333-342

Hatori, M., Gronfier, C., Van Gelder, R. N., Bernstein, P. S., Carreras, J., Panda, S., Marks, F., Sliney, D.,
Hunt, C. E., Hirota, T., Furukawa, T., & Tsubota, K. 2017. Global rise of potential health hazards caused by
blue light-induced circadian disruption in modern aging societies. npj Aging and Mechanisms of Disease, 3(1),
1-3 doi: 10.1038/s41514-017-0010-2

Haug, E. A., & Didiuk, A. B. 1993. Use of Recorded Calls to Detect Burrowing Owls (Uso de Llamados

Grabados para Detectar la Presencia de Athene cunicularia). Journal of Field Ornithology, 188-194

Herrera-Duefias, A., Pineda, J., Antonio, M. T., & Aguirre, J. 1. 2014. Oxidative stress of house sparrow as
bioindicator of urban pollution. Ecological Indicators, 42, 6-9 doi: 10.1016/j.ecolind.2013.08.014

Holker, F., Wolter, C., Perkin, E. K., & Tockner, K. 2010. Light pollution as a biodiversity threat. Trends in
ecology & evolution, 25(12), 681-682 doi: 10.1016/j.tree.2010.09.007

Hosmer, D. W., & Lemeshow, S. 2000. Applied logistic regression. Wiley, New York doi:
10.1002/0471722146

Hulme, M. F., Vickery, J. A., Green, R. E., Phalan, B., Chamberlain, D. E., Pomeroy, D. E., Nalwanga, D.,
Mushabe, D., Katebaka, R., Bolwig, S., & Atkinson, P. W. 2013. Conserving the birds of Uganda’s banana-
coffee arc: land sparing and land sharing compared. PloS one, 8(2), €54597 doi: 10.1371/journal.pone.0054597

Ibafiez-Alamo, J. D., Morelli, F., Benedetti, Y., Rubio, E., Jokimaki, J., Pérez-Contreras, T., Sprau, P.,
Suhonen, J., Tryjanowski, P., Kaisanlahti-Jokimékic, M., Mgllerg , A. P., & Diaz, M. 2020. Biodiversity within
the city: Effects of land sharing and land sparing urban development on avian diversity. Science of The Total
Environment, 707, 135477 doi: 10.1016/j.scitotenv.2019.135477

Isaac, B., White, J., lerodiaconou, D., & Cooke, R. 2013. Response of a cryptic apex predator to a complete
urban to forest gradient. Wildlife Research, 40(5), 427-436 doi: 10.1071/WR13087

36


https://doi.org/10.1002/fee.2216
https://doi.org/10.1002/fee.2216
https://www.nature.com/articles/s41514-017-0010-2#auth-Frederick-Marks
https://www.nature.com/articles/s41514-017-0010-2#auth-David-Sliney
https://www.nature.com/articles/s41514-017-0010-2#auth-Charles_E_-Hunt
https://www.nature.com/articles/s41514-017-0010-2#auth-Tsuyoshi-Hirota
https://www.nature.com/articles/s41514-017-0010-2#auth-Toshiharu-Furukawa
https://doi.org/10.1038/s41514-017-0010-2
https://doi.org/10.1016/j.ecolind.2013.08.014
http://dx.doi.org/10.1016/j.tree.2010.09.007
https://doi.org/10.1371/journal.pone.0054597
https://www.sciencedirect.com/science/article/pii/S0048969719354701?casa_token=xZ9ZE9hHmNAAAAAA:O4LciAML2CTM1bXbdSRtH5H79SjbkVsEDMLrsgwd2h9XHaxhlcBTJD5N5vx7QahE2GTTR4fUiA#!
https://www.sciencedirect.com/science/article/pii/S0048969719354701?casa_token=xZ9ZE9hHmNAAAAAA:O4LciAML2CTM1bXbdSRtH5H79SjbkVsEDMLrsgwd2h9XHaxhlcBTJD5N5vx7QahE2GTTR4fUiA#!
https://doi.org/10.1016/j.scitotenv.2019.135477

James, G., Witten, D., Hastie, T., & Tibshirani. R. 2014. An Introduction to Statistical Learning: With
Applications in R. Springer Publishing Company, Incorporated doi: 10.1007/978-1-4614-7138-7

Johnson, R. R., Brown, B. T., Haight, L. T., & Simpson, J. M. 1981. Playback recordings as a special avian

censusing technique. Studies in Avian Biology, 6, 68-75

Johnson, D. H., Van Nieuwenhuyse, D., & Génot, J. C. 2009. Survey protocol for the little owl Athene noctua.
Ardea, 97(4), 403-412 doi: 10.5253/078.097.0402

Karell, P., Ahola, K., Karstinen, T., Zolei, A., & Brommer, J. E. 2009. Population dynamics in a cyclic
environment: consequences of cyclic food abundance on tawny owl reproduction and survival. Journal of
Animal Ecology, 78(5), 1050-1062 doi: 10.1111/j.1365-2656.2009.01563.x

Karell, P., Ahola, K., Karstinen, T., Valkama, J., & Brommer, J. E. 2011. Climate change drives microevolution
in a wild bird. Nature communications, 2(1), 1-7 doi: 10.1038/ncomms1213

Labuschagne, L., Swanepoel, L. H., Taylor, P. J., Belmain, S. R., & Keith, M. 2016. Are avian predators
effective biological control agents for rodent pest management in agricultural systems?. Biological Control,
101, 94-102 doi: 10.1016/j.biocontrol.2016.07.003

Lin, B. B., & Fuller, R. A. 2013. Sharing or sparing? How should we grow the world's cities?. Journal of
applied ecology, 50(5), 1161-1168 doi: 10.1111/1365-2664.12118

Manzanares Mena, L., & Macias Garcia, C. 2018. Songbird community structure changes with noise in an
urban reserve. Journal of Urban Ecology, 4(1), juy022 doi: 10.1093/jue/juy022

Marin-Gémez, O. H., Garcia-Arroyo, M., Sanchez-Sarria, C. E., Sosa-Lo6pez, J. R., Santiago-Alarcon, D., &
MacGregor-Fors, 1. 2020. Nightlife in the city: drivers of the occurrence and vocal activity of a tropical owl.
Avian Research, 11, 1-14 doi: 10.1186/s40657-020-00197-7

Mason, J. T., McClure, C. J., & Barber, J. R. 2016. Anthropogenic noise impairs owl hunting behavior.
Biological Conservation, 199, 29-32 doi: 10.1016/j.biocon.2016.04.009

Mastrorilli, M. 2018. Sulle tracce dei gufi. Alla scoperta di tracce, penne, prede e canti dei rapaci notturni.

Noctua ediz. pp. 192. Collana “Le orme”

McDonald, R. I., Kareiva, P., & Forman, R. T. 2008. The implications of current and future urbanization for
global protected areas and biodiversity conservation. Biological conservation, 141(6), 1695-1703 doi:
10.1016/j.biocon.2016.04.009

McKight, P. E., & Najab, J. 2010. Kruskal-wallis test. The corsini encyclopedia of psychology, 1-1 doi:
10.1002/9780470479216.corpsy0491
37


https://doi.org/10.5253/078.097.0402
https://doi.org/10.1111/j.1365-2656.2009.01563.x
https://doi.org/10.1016/j.biocontrol.2016.07.003
https://doi.org/10.1111/1365-2664.12118
https://doi.org/10.1093/jue/juy022
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.2016.04.009
https://doi.org/10.1002/9780470479216.corpsy0491
https://doi.org/10.1002/9780470479216.corpsy0491

McKinney, M. L. 2002. Urbanization, Biodiversity, and Conservation. The impacts of urbanization on native
species are poorly studied, but educating a highly urbanized human population about these impacts can greatly
improve species conservation in all ecosystems. Bioscience, 52(10), 883-890 doi 10.1641/0006-
3568(2002)052[0883:UBAC]2.0.C0O;2

McKinney, M. L. 2008. Effects of urbanization on species richness: a review of plants and animals. Urban
ecosystems, 11(2), 161-176 doi: 10.1007/s11252-007-0045-4

Michael, D. R., Wood, J. T., O’Loughlin, T., & Lindenmayer, D. B. 2016. Influence of land sharing and land
sparing strategies on patterns of vegetation and terrestrial vertebrate richness and occurrence in Australian
endangered eucalypt woodlands. Agriculture, Ecosystems & Environment, 227, 24-32 doi:
10.1016/j.agee.2016.05.001

Mikkola, H. 2019. Owls of the World: A Photographic Guide. Second Edition. Firefly Books Ltd. pp. 528

Navarro, J., Minguez, E., Garcia, D., Villacorta, C., Botella, F., Sanchez-Zapata, J.A., Carrete, M. & Giménez,
A. 2005. Differential effectiveness of playbacks for Little Owls (Athene noctua) surveys before and after

sunset. Journal of Raptor Research, 39(4), 454

Nelson, E., Mendoza, G., Regetz, J., Polasky, S., Tallis, H., Cameron, D., Chan, K. MA., Daily, G. C.,
Goldstein, J., Kareiva, P. M., Lonsdorf, E., Naidoo, R., Ricketts, T. H., & Shaw, M. 2009. Modeling multiple
ecosystem services, biodiversity conservation, commodity production, and tradeoffs at landscape scales.
Frontiers in Ecology and the Environment, 7(1), 4-11 doi: 10.1890/080023

Nemeth, E., Pieretti, N., Zollinger, S. A., Geberzahn, N., Partecke, J., Miranda, A. C., & Brumm, H. 2013. Bird
song and anthropogenic noise: vocal constraints may explain why birds sing higher-frequency songs in cities.
Proceedings of the Royal Society B, 280(1754), 20122798 doi: 10.1098/rsph.2012.2798

Paz, A., Jarefio, D., Arroyo, L., Vifiuela, J., Arroyo, B., Mougeot, F., Luque-Larena, J. J., & Fargallo, J. A.
2013. Avian predators as a biological control system of common vole (Microtus arvalis) populations in north-
western Spain: experimental set-up and preliminary results. Pest Management Science, 69(3), 444-450 doi:
10.1002/ps.328

Phalan, B., Onial, M., Balmford, A., & Green, R. E. 2011. Reconciling food production and biodiversity
conservation: land sharing and land sparing compared. Science, 333(6047), 1289-1291 doi:
10.1126/science.1208742

Pilla, P., Puan, C. L., Lim, V. C., Azhar, B., & Zakaria, M. 2018. Sunda Scops-OwI density estimation via
distance sampling and call playback. Sains Malaysiana, 47(3), 441-446 doi: 10.17576/jsm-2018-4703-03

Poppleton, M. 2016. Urban raptors: owl and hawk adaptation to urban centers. Journal of Undergraduate
Studies at Trent (JUST), 4(1), 49-60

38


https://doi.org/10.1641/0006-3568(2002)052%5b0883:UBAC%5d2.0.CO;2
https://doi.org/10.1641/0006-3568(2002)052%5b0883:UBAC%5d2.0.CO;2
https://doi.org/10.1016/j.agee.2016.05.001
https://doi.org/10.1016/j.agee.2016.05.001
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Chan%2C+Kai+MA
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Daily%2C+Gretchen+C
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Goldstein%2C+Joshua
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kareiva%2C+Peter+M
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Lonsdorf%2C+Eric
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Naidoo%2C+Robin
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ricketts%2C+Taylor+H
https://doi.org/10.1890/080023
https://doi.org/10.1098/rspb.2012.2798
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Luque-Larena%2C+Juan+Jos%C3%A9
https://doi.org/10.1002/ps.3289
https://doi.org/10.1002/ps.3289

Proppe, D. S., Sturdy, C. B., & St. Clair, C. C. 2013. Anthropogenic noise decreases urban songbird diversity
and may contribute to homogenization. Global change biology, 19(4), 1075-1084 doi: 10.1111/gcb.12098

QGIS Development Team 2020. QGIS Geographic Information System. Open Source Geospatial Foundation.
URL http://qgis.org

R Core Team 2020. R: A language and environment for statistical computing. R Foundation for Statistical

Computing, Vienna, Austria. URL https://www.R-project.org/

Ranazzi, L., Manganaro, A., Ranazzi, R., & Salvati, L. 2000. Woodland cover and Tawny Owl Strix aluco

density in a Mediterranean urban area. Biota, 1, 27-34

Rangel, T. F., Diniz-Filho, J. A. F., & Bini, L. M. 2010. SAM: a comprehensive application for spatial analysis
in macroecology. Ecography, 33(1), 46-50 doi: 10.1111/j.1600-0587.2009.06299.x

Renwick, A., & Schellhorn, N. 2016. A perspective on land sparing versus land sharing. Learning from agri-

environment schemes in Australia, 117

Rodriguez, A., Orozco-Valor, P. M., & Sarasola, J. H. 2020. Artificial light at night as a driver of urban
colonization by an avian predator. Landscape Ecology, 1-11 doi: 10.1007/s10980-020-01132-3

Rotem, G., & Ziv, Y. 2016. Crop diversity and rotation may increase dispersal opportunities of reptiles in a
heterogeneous  agroecosystem.  Agriculture, Ecosystems &  Environment, 235, 32-37 doi:
10.1016/j.agee.2016.10.004

Sandifer, P. A, Sutton-Grier, A. E., & Ward, B. P. 2015. Exploring connections among nature, biodiversity,
ecosystem services, and human health and well-being: Opportunities to enhance health and biodiversity
conservation. Ecosystem services, 12, 1-15 doi: 10.1016/j.ecoser.2014.12.007

Saufi, S., Ravindran, S., Hamid, N. H., Zainal Abidin, C. M. R., Ahmad, H., Ahmad, A. H., & Salim, H. 2020.
Diet composition of introduced Barn Owls (Tyto alba javanica) in urban area in comparison with agriculture

settings. Journal of Urban Ecology, 6(1), juz025 doi: 10.1093/jue/juz025

Sekercioglu, C. H. 2006. Increasing awareness of avian ecological function. Trends in ecology & evolution,
21(8), 464-471 doi: 10.1016/j.tree.2006.05.007

Solonen, T., & af Ursin, K. 2008. Breeding of Tawny Owls Strix aluco in rural and urban habitats in southern
Finland. Bird Study, 55(2), 216-221 doi: 10.1080/00063650809461525

Stott, 1., Soga, M., Inger, R., & Gaston, K. J. 2015. Land sparing is crucial for urban ecosystem services.
Frontiers in Ecology and the Environment, 13(7), 387-393 doi: 10.1890/140286

39


https://doi.org/10.1111/gcb.12098
http://qgis.org/
https://doi.org/10.1111/j.1600-0587.2009.06299.x
https://digital.csic.es/handle/10261/10.1007/s10980-020-01132-3
https://doi.org/10.1016/j.agee.2016.10.004
https://doi.org/10.1016/j.agee.2016.10.004
https://doi.org/10.1016/j.ecoser.2014.12.007
https://doi.org/10.1093/jue/juz025
https://doi.org/10.1016/j.tree.2006.05.007
https://doi.org/10.1080/00063650809461525
https://doi.org/10.1890/140286

Soga, M., Yamaura, Y., Koike, S., & Gaston, K. J. 2014. Land sharing vs. land sparing: does the compact city
reconcile urban development and biodiversity conservation?. Journal of Applied Ecology, 51(5), 1378-1386
doi: 10.1111/1365-2664.12280

Soga, M., Yamaura, Y., Aikoh, T., Shoji, Y., Kubo, T., & Gaston, K. J. 2015. Reducing the extinction of
experience: association between urban form and recreational use of public greenspace. Landscape and Urban
Planning, 143, 69-75 doi: 10.1016/j.landurbplan.2015.06.003

Soga, M., & Gaston, K. J. 2020. The ecology of human—nature interactions. Proceedings of the Royal Society
B, 287(1918), 20191882 doi: 10.1098/rspbh.2019.1882

Southern, H. N. 1970. The natural control of a population of Tawny Owls (Strix aluco). Journal of zoology,
162(2), 197-285 doi: 10.1111/j.1469-7998.1970.tb01264.x

Sushinsky, J. R., Rhodes, J. R., Possingham, H. P., Gill, T. K., & Fuller, R. A. 2013. How should we grow
cities to minimize their biodiversity impacts?. Global change biology, 19(2), 401-410 doi: 10.1111/gcb.12055

United Nations, 2016. Urbanization and Development: Emerging Futures. World Cities Report 2016. United

Nations, Nairobi

United Nations, Department of Economic and Social Affairs, Population Division 2019a. World Urbanization
Prospects: The 2018 Revision (ST/ESA/SER.A/420). New York: United Nations

United Nations, Department of Economic and Social Affairs, Population Division 2019b. World Population
Prospects 2019: Highlights (ST/ESA/SER.A/423)

Van Doren, B. M., Horton, K. G., Dokter, A. M., Klinck, H., Elbin, S. B., & Farnsworth, A. 2017. High-
intensity urban light installation dramatically alters nocturnal bird migration. Proceedings of the National
Academy of Sciences, 114(42), 11175-11180 doi: 10.1073/pnas.1708574114

Villasefior, N. R., Tulloch, A. I., Driscoll, D. A., Gibbons, P., & Lindenmayer, D. B. 2017. Compact
development minimizes the impacts of urban growth on native mammals. Journal of Applied Ecology, 54(3),
794-804 doi: 10.1111/1365-2664.12800

Vrezec, A., & Bertoncelj, 1. 2018. Territory monitoring of Tawny Owls Strix aluco using playback calls is a
reliable population monitoring method. Bird Study, 65(supl), S52-S62 doi: 10.1080/00063657.2018.1522527

Wickham H. 2016. ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag, New York. Available at:
https://ggplot2.tidyverse.org

Worthington-Hill, J., & Conway, G. 2017. Tawny Owl Strix aluco response to call-broadcasting and
implications for survey design. Bird Study, 64(2), 205-210 doi: 10.1080/00063657.2017.1315047

40


https://doi.org/10.1111/1365-2664.12280
https://doi.org/10.1016/j.landurbplan.2015.06.003
https://doi.org/10.1098/rspb.2019.1882
https://doi.org/10.1111/j.1469-7998.1970.tb01264.x
https://doi.org/10.1111/gcb.12055
https://doi.org/10.1073/pnas.1708574114
https://doi.org/10.1111/1365-2664.12800
https://doi.org/10.1080/00063657.2018.1522527
https://ggplot2.tidyverse.org/
https://doi.org/10.1080/00063657.2017.1315047

Zawadzka, D., & Zawadzki, J. 2007. Feeding ecology of tawny owl (Strix aluco) in Wigry national park (North
east Poland). Acta Zoologica Lituanica, 17(3), 234-241 doi: 10.1080/13921657.2007.10512837

Zuberogoitia, I., & Martinez, J. A. 2000. Methods for surveying Tawny Owl Strix aluco populations in large
areas. Biota, 1(2), 79-88

Zuberogoitia, I., Burgos, G., Gonzalez-Oreja, J. A., Morant, J., Martinez, J. E., & Zabala Albizua, J. 2019.

Factors affecting spontaneous vocal activity of Tawny Owls Strix aluco and implications for surveying large
areas. Ibis, 161(3), 495-503 doi: 10.1111/ibi.12684

41


https://doi.org/10.1080/13921657.2007.10512837
https://doi.org/10.1111/ibi.12684

WEBSITES

https://appliedecologistsblog.com/2014/10/23/bringing-land-sparing-and-land-sharing-to-the-city/

https://webgis.arpa.piemonte.it/geoportale/index.php/tematiche/suolo

https://www.bto.org/our-science/projects/project-owl/learn-about-owls/tawny-owl

https://www.google.it/imghp?hl=it&ogbl

https://www.lightpollutionmap.info/#zoom=10.40&lat=45.0707&lon=7.8284&layers=BOFFFFFFTFFFFFTT
FFF

https://www.xeno-canto.org/

42


https://appliedecologistsblog.com/2014/10/23/bringing-land-sparing-and-land-sharing-to-the-city/
https://webgis.arpa.piemonte.it/geoportale/index.php/tematiche/suolo
https://www.bto.org/our-science/projects/project-owl/learn-about-owls/tawny-owl
https://www.google.it/imghp?hl=it&ogbl
https://www.lightpollutionmap.info/#zoom=10.40&lat=45.0707&lon=7.8284&layers=B0FFFFFFTFFFFFTTFFF
https://www.lightpollutionmap.info/#zoom=10.40&lat=45.0707&lon=7.8284&layers=B0FFFFFFTFFFFFTTFFF
https://www.xeno-canto.org/

APPENDICES

APPENDIX A: Model parameter estimates - Tawny Owl survey

Table Al. Tawny Owl presence probability in relation to urban intensity.
Standard

Variable Estimate Zvalue P value
error

Intercept -0.116 0.328 -0.352 0.725

(S) Urban cover - 1.006 0.435 -2.311 0.021

Model output showing fixed effects. Model formula: Owl presence ~SUrban cover +
(1]|Point), where Owl presence stands for the ‘1 = presence; 0 = absence’ and Urban cover

was scaled (S). The random effect is expressed by survey points ‘(1|Point)’.

Table A2. Effect of anthropogenic noise on Tawny Owl presence probability.

Variable Estimate Standard Zvalue P value
error

Intercept - 0.059 0.382 - 0.154 0.878

(S) Noise -0.979 0.480 -2.041 0.041

Model output showing fixed effects. Model formula: Owl presence ~SNoise + (1|Point),
where Owl presence stands for the ‘1 = presence; 0 = absence’ and Noise was scaled (S).

The random effect is expressed by survey points ‘(1|Point)’.

Table A3. Effect of SQM values on Tawny Owl presence probability.
Standard

Variable Estimate error Zvalue P value
Intercept -0.936 0.501 -1.869  0.062
(S) SQM 0.832 0.386 2.156 0.031
1(SSQM”2) 1.008 0.443 2.277 0.023

Model output showing fixed effects. Model formula: Owl presence ~SSQM + I(SSQM"2) +
(1|Point), where Owl presence stands for the ‘1 = presence; 0 = absence’ and SQM was
scaled (S). 1(SSQM"2) is the quadratic term that indicates a non-linear effect. The random

effect is expressed by survey points ‘(1|Point) .
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Table A4. Effect of radiance on Tawny Owl presence probability.

Variable Estimate Standard Zvalue P value
error

Intercept -0.111 0.317 -0.349 0.727

(S) Radiance -1.164 0.436 -2.671 0.008

Model output showing fixed effects. Model formula: Owl presence ~SRadiance + (1|Point),
where Owl presence stands for the ‘1 = presence; 0 = absence’ and Radiance was scaled (S).

The random effect is expressed by survey points ‘(1|Point) .

Table A5. Combined model.

Variable Estimate Standard Zvalue P value
error
Intercept -1.223 0.569 -2.147  0.032
(S) Urban cover -0.224 0.403 -0.555  0.579
(S) Noise -0.313 0.356 -0.879  0.379
(S) SQM - 0.580 0.676 -0.858  0.391
1(SSQM”2) 1.223 0.517 2.369 0.018
(S) Radiance - 1.542 0.774 -1.992 0.046

Model output showing fixed effects. Model formula: Owl presence ~SUrban + SNoise +
SSQM + I(SSQM”2) + SRadiance + (1|Point), where Owl presence stands for the ‘1 =
presence; 0 = absence’ and all covariates were scaled (S). 1(SSQM”2) is the quadratic term
that indicates a non-linear effect. The random effect is expressed by survey points
‘(1|Point)".
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ABSTRACT

Capsule: During playback experiments, the distance from the surveyor to the call influences

the chances of detection across nocturnal species in farmland and woodland habitats.

Aim: To evaluate how distance affects surveyor detection capability, expressed as the
probability of hearing broadcast calls and of estimating their distances correctly, in a

nocturnal bird community.

Methods: We conducted a playback field experiment in farmland and woodland areas within
an agricultural landscape in winter and summer 2020. Vocalisations of five species (Little
Owl Athene noctua, Tawny Owl Strix aluco, Long-eared Owl Asio otus, Common
Nightingale Luscinia megarhynchos, Water Rail Rallus acquaticus) were broadcast at
various distances to a surveyor, who attempted to detect them and, if successful, to classify
them into predefined distance zones. Binomial GLMMs were used to estimate detection

probability as a function of distance, and the effects of habitat and season on this relationship.
Results: The distance of the broadcast call from the surveyor had a significant effect on

detection probability in both habitats. In woodland, the probability of hearing calls was

significantly higher in winter, while estimating distances correctly was generally higher in
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summer. An increase in field experience improved our detection capability, mainly in terms

of distance estimation, whose errors were mostly overestimations.

Conclusions: The probability of hearing calls and distance estimation accuracy varied
between species. Most Little and Tawny Owl calls were detected within a 200 m radius of
the surveyor, while this was 100 m for the other species. For a multi-species community-
level study, playback surveys are thus likely to be most representative of a 200 m radius
surrounding the surveyor where the probability of detection is highest, while estimates of
distance from the observer are likely to be inaccurate in most cases. Field evaluations such

as this should be implemented prior to actual playback surveys.

INTRODUCTION

Playback is commonly used to survey birds as it represents an efficient method to census
elusive species by improving their detection probability (Hardy & Morrison 2000, Navarro
et al. 2005, Stermin et al. 2017). This technique consists of broadcasting generally
conspecific recorded calls in order to elicit their vocal reply (Johnson et al. 1981,
Worthington-Hill & Conway 2017). This is particularly useful for those species that exhibit
territorial behaviour because they will be more inclined to respond in order to defend their
territories (Haug & Didiuk 1993, Pilla et al. 2018). Relying only on spontaneous
vocalisations can be insufficient because they may limit census performance (Crowe &
Longshore 2013). It is known that factors such as habitat, seasonality, time of day and
weather can influence response rates during playback surveys (Hardy & Morrison 2000,
Currie et al. 2002, Polak 2005, Braga et al. 2009, Johnson et al. 2009). In addition, more
technical parameters such as sound amplitude level and surveyor detection ability or
experience (Crowe & Longshore 2013, Zuberogoitia et al. 2020) are also fundamental as
they enable a detectability radius to be defined, which is a threshold distance expressing at
what scale bird distributions can be better estimated, i.e. a distance around playback points
within which a surveyor has higher probabilities to detect birds. Usually, only responses
detected at a distance within the radius are included in the analysis, since it provides some
level of security, so that results include most individuals actually occupying a given area
(Centili 2001, Johnson et al. 2009, Bolboaca et al. 2015). Therefore, the detectability radius

has a key role in minimizing biases. During aural surveys, distance estimation is clearly more
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difficult than for visual detections and making errors in estimation can consequently bias the
results (Marques 2004).

Field evaluations prior to actual playback surveys therefore represent a useful step to
adjust the method by setting a fixed distance (and so a radius) calibrated on the surveyor’s
detection capability in the field (Esclarski & Cintra 2014), where radial distance is a function
of the surveyor’s ability to estimate bird-surveyor distance and to hear broadcast calls.
Experimental trials of this kind can help researchers to conduct playback surveys as
accurately as possible. From this perspective, we carried out a field experiment aimed to
evaluate the effect of distance on detectability in different habitats within an agricultural

landscape, by addressing the following questions:

(i) Does distance influence the surveyor’s ability to hear playback calls and to

estimate their distances correctly in farmland and woodland?

(i)  Does the effect of distance in woodland have the same effect on detection

probability in summer and winter?

In this way, we aimed to understand at what scale nocturnal species detection and
distribution can be estimated in this landscape. As target species, we used territorial playback
songs/calls of Common Nightingale Luscinia megarhynchos, Little Owl Athene noctua,
Tawny Owl Strix aluco, Long-eared Owl Asio otus and Water Rail Rallus acquaticus. Within
our study region, these species form a common bird community with similar elusive habits.
These birds are territorial, hard to see, and more active at night. For these reasons, they are
frequently censused through playback, especially from dusk and at night (Zuberogoitia &
Campos 1998, Schmidt et al. 2006, Brambilla & Jenkins 2009, Seoane & Galvan 2010,
Stermin et al. 2017). Through our experiment, we attempted to provide a valid insight into
the playback method in surveying our target species effectively.

METHODS

Study area

The study was carried out in the Piedmont Region, northern Italy. We conducted playback
surveys in an agricultural landscape dominated by arable crops and interspersed with small

woods, within the Natural Park ‘Parco del Po Vercellese-Alessandrino’, in the southern part
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of Vercelli Province. The first site consisted of a typical intensive agricultural landscape
close to a wetland area (named ‘Riserva Naturale Speciale e Zona di Salvaguardia della
Palude di San Genuario’, 8°10'54"E, 45°13'7"N) dominated by rice fields, the most
important cultivation of the area. The second site was an oak-hornbeam (Quercus and
Carpinus species) woodland area (named ‘Parco Naturale del Bosco delle Sorti della
Partecipanza’, 8°16'1"E, 45°13'50"N). Both sites are SCIs (Sites of Community Importance)
and ZSPs (Zones of Special Protection under the Birds Directive).

Field survey protocol

We designed the playback field experiment as follows: in each habitat we established one
transect with ten points, spaced 200 m apart, and each point was visited eight times (i.e. eight
repetitions). At each repetition, one researcher (the ‘broadcaster’) moved to a random
location around one single surveyor (the ‘observer’) and broadcast the whole call sequence
(noting the time of broadcast) of all five species. The surveyor stayed fixed at each point and
(i) noted the time and species when a call was detected and (ii) estimated playback distances
(assigning calls to distance classes of between 0 - 100 m, 100 - 200 m, 200 - 300 m, 300 -
400 m, 400 - 500 m and > 500 m). At each repetition, the surveyor did not know the location
of the broadcaster. We used a handheld GPS (Garmin eTrex 10) to identify survey points
and to note the location of each playback made by the broadcaster. We conducted one survey
in farmland and one in woodland in winter (between the end of February and the beginning
of March 2020); then we repeated a third survey only in woodland in summer (mid-July
2020) to test for a seasonal effect in this habitat. We performed all surveys in good weather
conditions (i.e. not on rainy or windy days). Although the target species were nocturnal
(Long-eared Owl, Tawny Owl), crepuscular, or more vocally active at night (Water Rail,
Little Owl, Nightingale), we carried out the surveys in daylight, partly due to access
restrictions, but also to minimise the potential confounding effects of real (rather than
broadcast) vocalizations.

We delivered playback using a handheld Bluetooth wireless speaker (Tronsmart Element,
T6 Mini) positioned at chest height (Pilla et al. 2018), c. 1.6 m above the ground. The device
was designed to spread sound at 360° to ensure that vocalisations were broadcast in all
directions. The call sequence consisted of territorial vocalisations of the five species,
downloaded from the Xeno-canto website (www.xeno-canto.org), which were then uploaded
to a smartphone and broadcast with the speaker via Bluetooth. We always maintained the

following order for the sequence: Common Nightingale > Water Rail > Little Owl > Long-
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eared Owl > Tawny Owl. For each species, broadcast calls lasted 30 seconds, without
intervals between them. After the whole sequence had been completed, the broadcaster
moved to another random location unknown to the surveyor and repeated it. This procedure
was carried out eight times for each point (i.e. eight repetitions made in eight random
locations for each of the ten points). The start and end of each repetition was notified to the
surveyor by text message. Once all the repetitions for a point were completed, the surveyor
moved to the next point along the transect.

We adjusted a fixed volume for all broadcasts at a level equivalent to the sound pressure
level of natural vocalizations. We used a sound level meter (SLM Meterk MK 09) to set the
volume in order to match natural levels: 81 + 1 dB for Common Nightingale (Kiefer et al.
2011); 82 £ 1 dB for Little Owl (Jacobsen et al. 2013, Clewley et al. 2016); and, 83 + 1 dB
for Tawny Owl (Vrezec & Bertoncelj 2018). We were unable to find information on Water
Rail and Long-eared Owl vocalizations, so we respectively set 80 £ 1 dB and 73 £ 1 dB, i.e.
relatively low values matching our personal observations of these species relative to the
others listed above. We obtained all dB values by positioning the SLM at a distance of 1 m.

Data analysis

We used Garmin BaseCamp software to download location data from the GPS and to
calculate real distances between the surveyor and broadcaster. To evaluate the effect of
distance on detection probability, we used a mixed modelling approach, fitting binomial
generalized linear mixed models (GLMM) to explain the probability of hearing playback
calls (binomial response: 1 = calls heard; O = calls not heard) and the probability of
estimating distances of those calls that were detected correctly (binomial response: 1 =
distances estimated in the correct class; 0 = distances not estimated in the correct class).
Survey point identity was specified as a random effect in order to account for repeated
observations from the same point, and real distances, habitat and species were specified as
fixed effects. To test for a seasonal effect in woodland, we used the same approach and
included season (winter or summer) and the interaction term between Real distance and
season. Before modelling, the ‘Real distance’ variable was scaled. Models were validated
using the Hosmer-Lemeshow goodness of fit test (Hosmer & Lemeshow 2000), where a
significant test result (as measured by the chi-squared statistic) indicates poor model fit.
When this occurred, we used Cook’s distance approach (Cook 1979) to identify and remove

potential outliers.
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Since we always maintained the same order of species to broadcast calls, there was
potential temporal autocorrelation in the probability of detecting a call between species, for
both distance estimation and the resulting classification into distance classes, since the
observer would have known that the whole broadcast came from the same location (i.e. at
the same distance). In other words, after hearing the first call, the surveyor could have been
more likely to detect subsequent calls in the sequence, as they would have known what came
next. For this reason, GLMMs fitted to the ability to hear playback calls could potentially be
affected by non-independence. Therefore, to verify their consistency, we also ran models
based on generalized estimating equations (GEEs) that accounted for the potential non-
independence by fitting broadcast call order as a temporal correlation structure and defining
each broadcast of the five species within a playback repetition as a group that combined
point identity and repetition number.

Statistical analyses were carried out using R software (v. 3.6.3; R Core Team 2020).
GLMMs were fitted in the Ime4 package (Bates et al. 2015) and their results visualised with
ggplot2 (Wickham 2016). GEE models were fitted in the geepack package (Halekoh et al.
2006).

RESULTS

We carried out 1200 broadcasts in total: 400 in farmland (first survey) and 400 in woodland
(second survey) in winter, and 400 in woodland in summer (third survey). Real distances
ranged between 34.6 and 365.5 m and the number of broadcast calls, correct distance
estimates and calls detected varied among distance classes. Estimating playback distances
correctly (c. 28 % of broadcasts were estimated in the correct distance band) was more

difficult than being able to hear broadcast calls (c. 78 % of calls were detected; Table 1).

Effect of distance on detectability in both habitats in winter

The ability to hear playback calls across all species declined significantly with distance
(slope =-1.64+£0.17,z=-9.69, p <0.001; Table S1a, Appendix). Predicted probabilities of
hearing calls were often high at 200 m, especially in woodland, and the easiest species to
hear was Little Owl (estimated probability = 0.97), followed by Tawny Owl (0.96), Common
Nightingale (0.82), Water Rail (0.81) and Long-eared Owl (0.67; Figure 1). At a distance

of 300 m, probabilities dropped, particularly for Long-eared Owl, Water Rail and Common
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Nightingale (respectively 0.14, 0.26 and 0.28 in woodland). Detection probabilities were
always significantly higher in woodland than farmland (p < 0.001). The Hosmer-Lemeshow
test showed a good model fit (x* = 8.09, df = 8, p > 0.05). The GEE model supported the
GLMM in that hearing playback calls declined with distance very similarly (slope =-1.61 +
0.15, w = 110.96, p < 0.001; Table S1b, Appendix). The lack of any qualitative difference
between the GLMM and GEE results thus suggests that potential temporal autocorrelation
between the calls in a given sequence did not affect the conclusions regarding the estimates
of probability of hearing calls in relation to distance.

The ability to estimate playback distances correctly for calls that were detected declined
significantly with distance (slope =-1.39 £ 0.16, z =-8.56, p < 0.001; Table Slc, Appendix).
Predicted probabilities of assigning distances to the correct distance band were low: all < 18
% at 200 m and < 3% at 300 m (Figure 2). In woodland at 200 m, the best estimates were
associated with Common Nightingale (0.17) and the lowest with Long-eared Owl (0.04).
Probabilities were significantly higher in woodland than farmland (p < 0.01). The Hosmer-
Lemeshow test showed a good model fit (¥ = 9.40, df = 8, p > 0.05).

For detected calls, in the first and second survey, distances estimated wrongly were all
overestimation errors, i.e. the surveyor always placed estimates in a distance class further
than the correct one. In total, 248 overestimations were made in the first survey and 215 in
the second (Table S2, Appendix). The number of misclassifications declined in consecutive

surveys for each species except for the Long-eared Owl (Table S3, Appendix).

Seasonal variation in woodland

The effect of distance on the ability to hear playback calls was significant (slope = -1.42 +
0.19,z=-7.67, p<0.001; Table S1d, Appendix), but did not change between the second
and third survey, i.e. there was no difference in slope between winter and summer (parameter
estimate =-0.16 + 0.32, z = -0.5, p > 0.05). However, season was significant (p < 0.001) and
predicted probabilities were higher in winter (Figure 3). Little Owl and Tawny Owl were
the easiest species to detect, and Long-eared Owl the hardest (respectively 0.97, 0.97 and
0.74 at 200 m in winter). At 200 m, probabilities were generally high, but at 300 m they were
always less than 52 % in summer and 72% in winter. The Hosmer-Lemeshow test did not
show a good model fit (y° = 26.0, df = 8, p < 0.05). We investigated this poor model fit by
looking for possible outliers that mostly negatively influenced the model and we dropped
the number of observations (n = 6) which revealed the highest Cook’s distance values. This

was the minimum number of observations that enabled an improvement in model fit (¥ =
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11.0, df = 8, p > 0.05). No qualitative differences were found in the model results (Table
Sle, Appendix).

Again, the GEE model did not show differences compared to the GLMM, neither in
terms of the distance effect on the ability to hear calls (slope =-1.04 £0.24 , w =19.19, p <
0.001; Table S1f, Appendix) nor in terms of difference in slope between seasons (parameter
estimate = -0.45 £ 0.30, w = 2.20, p > 0.05).

Overall, playback distances were estimated increasingly erroneously in more distant
zones (slope = -0.76 + 0.12, z = -6.14, p < 0.001; Table S1g, Appendix) and there was a
significant seasonal variation (parameter estimate = -0.58 + 0.23, z = -2.56, p < 0.05).
Predicted probabilities were generally higher in summer than in winter (Figure 4), and
higher at 200 m than 300 m for all species. Higher probabilities were associated with Little
Owl and Common Nightingale (both 0.32 at 200 m and 0.14 at 300 m in summer), while the
Long-eared Owl remained the most difficult species to estimate (0.20 at 200 m and 0.08 at
300 m in summer). The Hosmer-Lemeshow test did not show a good model fit (x* = 29.0, df
=8, p <0.05). So, as before, we dropped the minimum number of observations (n = 20)
with the highest Cook’s distance values which enabled to improve the model fit (x* = 14.0,
df = 8, p > 0.05). No qualitative differences were found in the model results, except for an
increase in the significance of seasonal variation (parameter estimate = -0.89 + 0.28, z = -
3.16, p < 0.01; Table S1h, Appendix).

In the third survey, overestimations decreased (from 100 % in both the first and second
survey to 64 % in the third), but there were also some underestimations (36 %) which
occurred between 0-100 m and 100-200 m. However, the surveyor made in total fewer wrong
estimates (n = 139). In fact, no erroneous estimates were made in the two furthermost classes

(Table S2, Appendix). In relation to species, errors decreased overall (Table S3, Appendix).

DISCUSSION

Through this field evaluation, we investigated the effect of distance on surveyor detection
capability, expressed in terms of being able to hear playback calls and estimating distances
to the calls correctly. Other studies have attempted to evaluate the response distance of
elusive birds and the distance from the surveyor (Proudfoot et al. 2002, Flesch & Steidl
2007, Bartolommei et al. 2012), because its measurement helps to improve detection and
determine bird densities. Monitoring nocturnal birds, Puglisi & Bartolommei (2012)
estimated the distance of detected birds from the surveyor, selecting four distance classes (<
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50, 50 - 100, 100 - 300 and > 300 m). They always detected Long-eared Owl at distances
less than 100 m, whereas Little Owl and Tawny Owl were detected across all classes. Such
classes were considered by Bartolommei et al. (2012), who adopted a 300 m radius in their
methods to investigate the presence and distribution of Little Owl and Tawny Owl according
to land-use categories in an agricultural landscape of Central Italy. Instead, unlike
Bartolommei et al. (2012), in our experiment we specifically fitted models to evaluate
separately the probability to detect calls and to estimate distances correctly in relation to
distance, testing also a seasonal effect.

Some playback field experiments have already been conducted in forested habitats to
evaluate distance estimates and their error structure for various songbirds, using known
distances. Alldredge et al. (2007) used playback songs of several birds (Acadian Flycatcher
Empidonax virescens, Black-and-white Warbler Mniotilta varia, Black-throated green
Warbler Dendroica virens, Red-breasted Nuthatch Sitta canadensis, and Wood Thrush
Hylocichla mustelina) and found that surveyors had difficulties to identify what was the
distance to the bird song at distances beyond 65 m. They also pointed out that, after training,
surveyors reduced distance estimation errors. In our approach, we instead used unknown
distances, chosen randomly by the broadcaster, and the surveyor was unaware of their
location. This had the objective of simulating real situations in the field, when surveyors
have to census species that can be anywhere. Moreover, in our study, we considered
detection both in terms of the ability to estimate distances and the ability to hear broadcast

calls.

The effect of distance on surveyor detection capability

Our results showed that detectability varied due to both species and distance. The decrease
in detectability was especially marked in those species whose calls are low in acoustic
intensity. In particular, this was the case for the Long-eared Owl, the hardest species to hear
and to estimate distance. This was consistent with our expectations as its territorial call is
not very loud. On the contrary, Little Owl and Tawny Owl were the easiest species to detect,
thanks to their shrill and more acute vocalisations. Water Rail and Common Nightingale
were challenging to detect, but not as difficult as Long-eared Owl, although during the
summer survey, Common Nightingale showed estimates as high as those for Little Owl, and
Water Rail as high as those for Tawny Owl. Detecting playback calls was less difficult than
estimating their distances correctly, but we noted an improvement in both (respectively a c.

20 % and 28 % increase) between the first and the second survey. In woodland, detectability
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was higher overall. This is a surprising result as we did not expect such a striking difference
compared to farmland. Nevertheless, the latter habitat, being an open environment, could
have been more influenced by potential background noise (e.g. from roads nearby), which
may explain this divergence. Though, we suggest caution in interpreting this difference and
more field trials would be useful to better assess this aspect.

The ability to hear playback calls in woodland did not improve during the third survey in
summer. The probability of hearing broadcast calls was significantly lower in summer than
winter (p <0.001). This can be explained by the likely blocking effect of the dense vegetative
structure characterizing woodland in this season. Moreover, in summer this habitat is more
disturbed in terms of background sounds: Throughout the summer survey, there was a
continuous noise, represented especially by the singing of grasshoppers and Common
Blackbirds Turdus merula. Together with the thick foliage, sound diffusion was hampered.
Therefore, in summer woodland can act as a natural “acoustic barrier”, limiting the
surveyor’s ability to hear bird calls (Figure 5). Conversely, in winter, there was less acoustic
disturbance.

Despite the dense vegetation and background noise, the effect of distance on the ability
to estimate playback distances improved significantly in summer, during the last survey.
This fact is likely due to an increase in our field experience. After the first survey, we were
able to better calibrate estimates and reduce errors, in particular in terms of overestimated
distances. For detected calls, distance estimate errors decreased by 8.3 % between the first
and second survey and by 19 % between the second and the third. Surveyor experience has
already been demonstrated to be a relevant factor affecting bird detection probabilities
(Booms et al. 2010, Jiguet & Williamson 2010, Johnston et al. 2018), including nocturnal
species (Zuberogoitia et al. 2020). A radial distance of about 200 m, at which playback could
be heard, has previously been adopted to census Tawny Owls (Appleby et al. 1999). In
another case, a distance of 300 m was used for Tawny Owl and Little Owl (Bartolommei et
al. 2012) as it proved to be the best estimated distance for both species. Detection radius is
not a constant value and it varies across studies, because it changes according to target
species, habitat and surveyor detection capability (Centili 2001, Esclarski & Cintra 2014,
Menq & Anjos 2015, Zuberogoitia et al. 2020). Therefore, given these sources of variation,
tests like ours should be made before playback surveys.

Based on our results, at 300 m we found that the detection capability was quite weak
overall, mainly in terms of the ability to estimate distances correctly. Therefore, we suggest
that a 200 m detectability radius should be set as maximum threshold. In our study any

inference from playback can only be reliably related to this radial distance around the
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surveyor, i.e. inferences about our target species should be limited to 200 m because most of
the detected calls will be within that distance. For Common Nightingale, Water Rail and
Long-eared Owl, which were generally more difficult to detect than Little Owl and Tawny
Owl, a radius of 100 m could certainly be a good option. However, for a multi-species
community level study, a common cut-off can ease the comparison of results at the same
scale among all species. In this case, a 200 m limit would be a reasonable alternative.
Distance estimates were, however, generally poor, and for most species the probability of
accurately estimating distance was greater than 0.50 only at distances of 100 m or less.
Distance sampling methodology is an appropriate tool to estimate density when distances to
species are known, but it assumes distances to be estimated without errors (Buckland et al.
1993), which was not the case in our study. Indeed, errors occur even with wide distance
classes and experienced observers (Neubauer & Sikora 2020). We should stress that density
estimation was not the purpose of our study. Instead, our goal was an attempt to understand
at what scale detection and distribution could be estimated for our target species, which is
likely a 200 m radius. At greater distances, detection probabilities became very low.

Based on different study objectives, researchers could carry out field experiments like
this for their species of interest, identifying a suitable detectability radius through the
evaluation of the two detectability components analysed prior to the actual surveys of the
species. We recommend that our methods should be generally considered with more caution
for Long-eared Owl, Common Nightingale and Water Rail. We particularly acknowledge
that in our study, the component related to distance estimation could not be carried out

accurately for these three species without training.

Field experiment timing and potential bias

As we described in methods, we maintained the same order of species calls during the
experiment, potentially leading to a non-independence bias among subsequent calls of
different species. However, our results showed that this methodological choice unlikely
affected GLMM outcomes. Estimates relative to the effect of distance on detectability did
not differ substantially between GLMM and GEE approaches, and the significance levels of
variables did not change. This suggests consistency between the two modelling approaches,
hence we are confident that this kind of bias did not affect the validity of our analysis
regarding the surveyor’s ability to hear broadcast calls.

Although the focus of this study was on crepuscular and nocturnal species, the playback

experiment was carried out during daytime. This was partly due to access restrictions in
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some parts of the study area (particularly in rice fields), but also in order to avoid
confounding real vocal responses from the study species. Similarly, the experiments started
in late winter, when some of our target species are not vocally active or had not yet returned
from their wintering areas (in particular Little Owl, Water Rail and Common Nightingale).
In order to make use of these results to inform methods for playback surveys of the target
species, the underlying assumption that the performance of the surveyor is not affected by
time of day and season needs to be addressed. In terms of the former, we would expect that
background noise is likely to be higher in the daytime, both from natural and anthropogenic
sources, hence we can consider our estimates to be appropriately conservative (i.e. we expect
that performance would be higher at night). In terms of the latter, we did find evidence of
seasonal effects in woodland, although these were inconsistent between probability of
detection (which was marginally greater in winter) and probability of correct distance
estimation (which increased in summer). However, the latter results did not change our
overall conclusions regarding methodological recommendations, i.e. that playback surveys
are likely to be most representative of a 200 m radius surrounding the surveyor where the
probability of detection is highest, while estimates of distance from the observer are likely

to be inaccurate in most cases.
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APPENDIX

Table S1: parameter estimates from the binomial GLMM/GEE explaining the ability
to hear playback calls and estimate distances correctly

Table Sla. Ability to hear playback calls in farmland and woodland in relation

to distance.
Variable Estimate Standard Zvalue P value
error
Intercept 1.399 0.398 3.511 0.0004
SReal distance -1.636 0.169 -9.696 <2e-16
Habitat (Woodland) 1.859 0.513 3.627 0.0003
Species (Little Owl) 2.089 0.458 4.562 5.1e-06
Species (Long-eared Owl) -0.897 0.351 -2.561 0.010
Species (Tawny Owl) 1.720 0.430 4.001 6.3e-05
Species (Water Rail) -0.065 0.358 -0.181 0.856

Model outcome showing fixed effects. The reference level (Intercept) is represented by

‘Farmland’ for Habitat and ‘Common Nightingale’ for Species. Random effect variance: 0.8

+0.9.

Table S1b. Ability to hear playback calls in farmland and woodland in relation
to distance (GEE model).

Variable Estimate Standard wvalue P value
error

Intercept 1.297 0.272 22.679 1.9e-06
SReal distance -1.613 0.153 110.959 < 2e-16
Habitat (Woodland) 1.466 0.316 21.463 3.6e-06
Species (Little Owl) 1.896 0.416 20.730 5.3e-06
Species (Long-eared Owl) -0.784 0.296 7.032 0.008
Species (Tawny Owl) 1.576 0.410 14.763 0.0001
Species (Water Rail) -0.053 0.261 0.040 0.841

Model outcome showing fixed effects. The reference level (Intercept) is represented by

‘Farmland’ for Habitat and ‘Common Nightingale’ for Species. Model alpha parameter: 1.2
+0.1.
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Table Slc. Ability to estimate playback distances correctly in farmland and

woodland in relation to distance.

Variable Estimate Standard Zvalue  Pvalue
error
Intercept -2.516 0.482 -5.220 1.7e-07
SReal distance -1.393 0.163 -8.560 < 2e-16
Habitat (Woodland) 1.888 0.585 3.230 0.001
Species (Little Owl) -0.290 0.309 -0.940 0.348
Species (Long-eared Owl) -1.593 0.355 -4.490 7.0e-06
Species (Tawny Owl) -0.441 0.312 -1.410 0.157
Species (Water Rail) -0.241 0.308 -0.780 0.435

Model outcome showing fixed effects. The reference level (Intercept) is represented by
‘Farmland’ for Habitat and ‘Common Nightingale’ for Species. Random effect variance: 1.3

+1.2.

Table S1d. Ability to hear playback calls in woodland in relation to distance

and season.

Variable Estimate Standard Zvalue  Pvalue

error

Intercept 0.916 0.419 2.190 0.029
SReal distance -1.419 0.185 -7.670 1.8e-14
Season (Winter) 1.601 0.299 5.350 8.8e-08
Species (Little Owl) 2.335 0.452 5.160 2.5e-07
Species (Long-eared Owl) -0.105 0.323 -0.320 0.746
Species (Tawny Owl) 2.335 0.452 5.160 2.5e-07
Species (Water Rail) 0.107 0.327 0.330 0.742
SReal distance:Season (Winter) -0.161 0.322 -0.500 0.617

Model outcome showing fixed effects. The reference level (Intercept) is represented by
‘Summer’ for Season and ‘Common Nightingale’ for Species. Random effect variance: 1.1

+ 1
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Table Sle. Ability to hear playback calls in woodland in relation to distance

and season (without outliers).

Variable Estimate Standard Zvalue  Pvalue
error
Intercept 0.975 0.543 1.790 0.073
SReal distance -1.646 0.208 -7.930 2.2e-15
Season (Winter) 1.953 0.339 5.740 9.2e-09
Species (Little Owl) 2.563 0.479 5.350 8.7e-08
Species (Long-eared Owl) -0.003 0.343 -0.010 0.994
Species (Tawny Owl) 2.715 0.494 5.490 4.0e-08
Species (Water Rail) 0.179 0.347 0.520 0.605
SReal distance:Season (Winter) -0.139 0.369 -0.380 0.707

Model outcome obtained removing the outliers. The reference level (Intercept) is represented

by ‘Summer’ for Season and ‘Common Nightingale’ for Species. Random effect variance:

22+ 15.

Table S1f. Ability to hear playback calls in woodland in relation to distance

and season (GEE model).

Variable Estimate Standard wvalue P value
error
Intercept 0.760 0.255 8.870 0.003
SReal distance -1.038 0.237 19.190 1.2e-05
Season (Winter) 1.364 0.320 18.180 2.0e-05
Species (Little Owl) 1.987 0.391 25.860 3.7e-07
Species (Long-eared Owl) -0.091 0.255 0.130 0.722
Species (Tawny Owl) 1.981 0.395 25.200 5.2e-07
Species (Water Rail) 0.083 0.226 0.130 0.715

SReal distance:Season (Winter) -0.448 0.302 2.200 0.138
Model outcome obtained removing the outliers. The reference level (Intercept) is represented

by ‘Summer’ for Season and ‘Common Nightingale’ for Species. Model alpha parameter:

0.3+0.2.
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Table S1g. Ability to estimate playback distances correctly in woodland in

relation to distance and season.

Variable Estimate Standard Zvalue  Pvalue
error

Intercept -0.239 0.269 -0.890 0.374
SReal distance -0.756 0.123 -6.140 8.4e-10
Season (Winter) -0.619 0.188 -3.300 0.0009
Species (Little Owl) -0.032 0.253 -0.130 0.899
Species (Long-eared Owl) -0.676 0.262 -2.580 0.009
Species (Tawny Owl) -0.162 0.254 -0.640 0.525
Species (Water Rail) -0.162 0.254 -0.640 0.525
SReal distance:Season (Winter) -0.582 0.227 -2.560 0.010

Model outcome showing fixed effects. The reference level (Intercept) is represented by

‘Summer’ for Season and ‘Common Nightingale’ for Species. Random effect variance: 0.3

+0.6.

Table S1h. Ability to estimate playback distances correctly in woodland in

relation to distance and season (without outliers).

Variable Estimate Standard Zvalue  Pvalue
error

Intercept -0.344 0.292 -1.180 0.238
SReal distance -1.010 0.141 -7.150 8.5e-13
Season (Winter) -0.875 0.223 -3.920 8.9e-05
Species (Little Owl) -0.036 0.269 -0.130 0.893
Species (Long-eared Owl) -0.923 0.285 -3.240 0.001
Species (Tawny Owl) -0.183 0.270 -0.680 0.499
Species (Water Rail) -0.216 0.271 -0.800 0.426
SReal distance:Season (Winter) -0.888 0.281 -3.160 0.0016

Model outcome obtained removing the outliers. The reference level (Intercept) is represented

by ‘Summer’ for Season and ‘Common Nightingale’ for Species. Random effect variance:

0.4+0.6.
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Tables S2-S3: errors in distance estimation

Table S2. Errors in distance estimation made by the surveyor across surveys. The total
number of broadcast calls is 400 in each survey.

Distance Survey  Number Number  Percentage of Number Percentage Number Percentage

class (m) of of wrong wrong of OE of OE (%) of UE of UE (%)
detected estimates  estimates (%0)
broadcasts
0-100 0 0 0 0 0 0
100-200 36 145 36 145 0 0
200-300 61 24.6 61 24.6 0 0
300-400 First 288 67 27.0 67 27.0 0 0
400-500 46 18.6 46 18.6 0 0
>500 38 15.3 38 15.3 0 0
Total 248 100 248 100 0 0
0-100 0 0 0 0 0 0
100-200 46 21.4 46 21.4 0 0
200-300  Second 366 107 49.8 107 49.8 0 0
300-400 48 22.3 48 22.3 0 0
400-500 10 4.7 10 4.7 0 0
>500 4 1.9 4 1.9 0 0
Total 215 100 215 100 0 0
0-100 33 23.7 0 0 33 66.0
100-200 44 31.7 27 30.3 17 34.0
200-300  Third 289 39 28.1 39 43.8 0 0
300-400 23 16.6 23 25.8 0 0
400-500 0 0 0 0 0 0
>500 0 0 0 0 0 0
Total 139 100 89 100 50 100

Number and percentages of wrong distance estimates (for the calls that have been detected)
per distance class made by the surveyor. Overestimates (OE) consist in estimates made in a
class further than the correct one (i.e. further from the surveyor position), while
underestimates (UE) consist in estimates made in a class prior than the correct one (i.e. closer
to the surveyor position). Distances estimated wrongly declined across surveys, with
underestimates placed only in the first two distance classes of the last survey. The first
column indicates all the possible distance classes planned for the experiment, in which the
surveyor could assign playback calls. Unlike Table 1, which provides real distance classes
(i.e. those where the broadcaster actually stationed at), here there are also ‘400 - 500 m’ and
> 500 m’ because the surveyor, being unaware of the broadcaster’s position, could assign

calls in these two classes too.

64



Table S3. Errors in distance estimation made by the surveyor across the surveys in relation
to species. The total number of broadcast calls is 400 in each survey.

Species Survey  Number Number  Percentage of Number Percentage Number Percentage

of of wrong wrong of OE of OE (%) of UE of UE (%0)
detected estimates  estimates (%)
broadcasts
Common 44 17.7 44 17.7 0 0
Nightingale
Water Rail 44 17.7 44 17.7 0 0
Little Owl First 288 62 25.0 62 25.0 0 0
Long-eared 39 15.7 39 15.7 0 0
Owl
Tawny 59 23.8 59 23.8 0 0
Owl
Total 248 100 248 100 0 0
Common 33 154 33 154 0 0
Nightingale
Water Rail 37 17.2 37 17.2 0 0
Little Owl  Second 366 45 20.9 45 20.9 0 0
Long-eared 51 23.7 51 23.7 0 0
Oowl
Tawny 49 22.8 49 22.8 0 0
Oowl
Total 215 100 215 100 0 0
Common 19 13.7 10 11.2 9 18.0
Nightingale
Water Rail 23 16.5 13 14.6 10 20.0
Little Owl  Third 289 39 28.1 28 315 11 22.0
Long-eared 19 13.7 10 11.2 9 18.0
Oowl
Tawny 39 28.1 28 315 11 22.0
Oowl
Total 139 100 89 100 50 100

Number and percentages of wrong distance estimates (for the calls that have been detected)
per distance class made by the surveyor. The table reflects Table S2, but here over- (OE)
and underestimates (UE) are referred to species. Generally, most distances estimated

wrongly are associated with owls.
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TABLES

Table 1. Summary of the values obtained during the field experiment.

Distance Number of Percentage of Number of Percentage of Number Percentage of

class (m) broadcast broadcast correct distance  correct distance  of calls  calls detected
calls calls (%) estimates estimates (%) detected (%)
0-100 315 26.3 148 46.9 312 99.1
100-200 615 51.3 148 24.1 490 79.7
200-300 240 20.0 36 25.7 132 55.0
300-400 30 2.5 5 16.7 9 30.0
Total 1200 100 337 28.1 943 78.6

Number and percentage of broadcast calls, correct distance estimates and calls detected

according to distance classes.

LEGENDS TO FIGURES

Figure 1: Binomial GLMM showing the predicted probabilities of hearing playback calls in
farmland (n = 400) and woodland (n = 400) in relation to distance.

Figure 2: Binomial GLMM showing the predicted probabilities of estimating distances

correctly in farmland (n = 400) and woodland (n = 400) in relation to distance.

Figure 3: Binomial GLMM showing the predicted probabilities of hearing playback calls in

woodland in relation to distance and season (n = 400 in winter and n = 400 in summer).

Figure 4: Binomial GLMM showing the predicted probabilities of estimating distances
correctly in woodland in relation to distance and season (n = 400 in winter and n = 400 in

summer).

Figure 5: Pictures taken in woodland at the same point in winter and summer to show the

difference in terms of vegetation structure, which can act as a natural “acoustic barrier”.
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FIGURES
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Figure 3
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